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Abstract

Aedes aegypti mosquito is the important vector of dengue fever and chikungunya fever. Therefore, for
virus detection in the mosquito, the possibility of cross-reactivity with chikungunya virus must be
considered. The laboratory studies were aimed at characterizing the monoclonal antibody DSSC7,
and its application for detecting dengue (DENV) antigen on the various organs of orally-infected Ae.
aegypti in the paraffin-embedded tissue sections, viz. head squash, abdomen squash, based on
immunocytochemical streptavidin-biotin-peroxidase complex (ISBPC) assay. Determination of the
antibody class and subclass was based on antigen-mediated ELISA (enzyme-linked immunosorbent
assay). The specificity of monoclonal antibody DSSC7 was determined by Western blotting method,
using DENV-1, DENV-2, DENV-3, DENV-4, and chikungunya antigen. The presence of DENV antigen in
the various organs of the orally-infected Ae. aegypti were microscopically optimized in the paraffin-
embedded tissue section using ISBPC assay and monoclonal antibody DSSC7 (diluted 1:10, 1:50,
1:100 in phosphate buffer saline) as a primary antibody. The specificity of the immunocytochemical
procedure is validated by negative controls and by positive controls that show that the antibody is
binding to an appropriate structure. The monoclonal antibody DSSC7 recognize DENV complex
specific and does not recognize chikungunya antigen. The monoclonal antibody belongs to IgG class,
IgG1 subclass, and it is used as primary antibody to detect DENV infection in Ae. aegypti on tissue
section in experimental infection based on ISBPC method. The infection rates of abdomen squash and
head squash after incubation period of five days were 75% and 33.33% respectively.
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Introduction

The incidence of dengue fever (DF) occurs
every year in Indonesia, but the number of
cases were unusually high in at least 12 of the
32 provinces of the country during 2004. From
1 January to 4 April 2004 a total of 52 013
cases, mainly hospitalized cases of DENV and
603 deaths, have been registered with the
Indonesian Ministry of Health. It was double
the figure when compared with the same period
in the previous year. Provinces in Java, including
West Java, Central Java and East Java, were
particularly severely affected, with more than
35% of the cases reported from DKI-Jakarta[1].
Aedes aegypti is the important vector of dengue
haemorrhagic fever (DHF) as well as
chikungunya fever[2]; therefore, detection of
dengue virus in the mosquito is a matter of
great concern in view of its cross-reactivity with
chikungunya virus.

There are several methods of virus
detection in the mosquito, such as the direct
fluorescent-antibody (DFA) test on mosquito
tissues, usually brain or salivary glands or head
squashes, and reverse transcriptase polymerase
chain reaction (RT-PCR). However, the DFA
method is labour-intensive and requires
fluorescent microscope and cryofreezer. RT-
PCR provides a rapid serotype-specific diagnosis
for RNA viruses. The method is rapid, sensitive,
simple, and reproducible if properly controlled
and can be used to detect viral RNA in human
clinical samples, autopsy tissues, or
mosquitoes[3,4,5]. Although immunofluorescence
tests were used in the past, newer methods
involving enzyme conjugates such as peroxidase
and phosphatase in conjunction with either
polyclonal or monoclonal antibodies have
greatly improved[6].

Monoclonal antibodies (mAb) are used
extensively in basic biomedical research, in the

diagnosis of disease, and in the treatment of
illnesses, such as infections and cancer.
Antibodies are important tools used and recent
research works have led to many medical
advances. Producing mAb requires immunizing
an animal, usually a mouse; obtaining immune
cells from its spleen; and fusing the cells with
a cancer cell (such as cells from a myeloma) to
make them immortal, which means that they
will grow and divide indefinitely. A tumor of
the fused cells is called a hybridoma, and these
cells secrete mAb. A major advantage of using
mAb rather than polyclonal antiserum is the
potential availability of almost infinite quantities
of a specific monoclonal antibody directed
toward a single epitope (the part of an antigen
molecule that is responsible for specific antigen-
antibody interaction). To produce the desired
mAb, the cells must be grown in either of two
ways: by injection into the peritoneal cavity of
a suitably prepared mouse (the in vivo, or
mouse ascites, method) or by in vitro tissue
culture. The mouse ascites method is generally
familiar, well understood, and widely available
in many laboratories; but the mice require
careful handling to minimize pain or distress
induced by excessive accumulation of fluid in
the abdomen or by invasion of the viscera.
When injected into a mouse, the hybridoma
cells multiply and produce fluid (ascites) in its
abdomen; this fluid contains a high
concentration of antibody[7,8,9].

Monoclonal antibody against DENV-3 was
produced by the Dengue Team of Gadjah
Mada University through three-time fusion from
1993–1995. The first fusion generated 4
hybridomas (clones) producer, whereas the
second fusion generated 13 clones producer;
meanwhile, the third fusion generated 22
clones producer. Hybridoma cell lines
producing the DENV antibodies were stored
in the liquid nitrogen tank in the Laboratorium
Hayati, Gadjah Mada University[10].
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Among the hybridoma cell lines generated
from the third fusion, DSSC7 and DSSF1 clones
were still growing very well in the tissue culture,
after storing it in the liquid nitrogen for several
years[11]. Once a cellular source of monoclonal
antibody has been established in culture, it is
usual to obtain a small quantity of ascitic fluid
for further characterization before preparing a
larger stock of antibody. A number of tests need
to be carried out in order to relate the outcome
to the final application and required specificity
of the antibody such as isotyping, cross-
reactivity and epitope analysis[8,12].

The objective of this study was aimed at
producing, characterizing, optimizing and
applying the monoclonal antibody DSSC7 for
the detection of DENV antigen on the various
organs of the orally-infected Ae. aegypti in the
paraffin-embedded tissue sections, viz. head
squash, abdomen squash, based on
immunocytochemical streptavidin-biotin-
peroxidase complex (ISBPC) assay.

Materials and methods

Large-scale production of
monoclonal antibody

Hybrid cells producing antibodies were grown
in flask containing complete RPMI medium.
The cells were collected by centrifugation,
twice washed by phosphate buffered saline
(PBS), resuspended in normal saline (106–107

hybrid cells in 0.5 ml normal saline) and
inoculated i.p. into prisrane-reared BALB/c
mice. After 2–3 weeks, the ascitic fluid
produced by each mouse was collected with a
syringe (19 g) or by puncturing the abdomen,
then stored for further steps, i.e. antibody
purification, while the hybrids were stored in
liquid nitrogen[7,8,12].

Characterization of monoclonal
antibody

Determination of isotype and
cross-reactivity

Determination of the antibody class and subclass
was carried out based on antigen-mediated ELISA
(enzyme linked immunosorbent assay). The
specificity of monoclonal antibody DSSC7 was
determined by Western blotting method, using
DENV-1, DENV-2, and DENV-3, DENV-4, and
chikungunya antigen[13]. In a previous study,
analysis of the DENV novel anti-dengue
monoclonal antibodies (DSSC7 and DSSF1) with
different binding specificities for DENV-1, DENV-
2, DENV-3, DENV-4 and other flavivirus
(Japenese B encephalitis virus) and chikungunya
antigens were carried out based on indirect and
inhibition ELISA. The result showed that the mAb
DSSC7 showed high immunoreactivity toward
DENV-1, DENV-2, DENV-3, DENV-4 and no
cross-reactivity toward Japanese encephalitis and
chikungunya antigen based on indirect ELISA[10].
The viruses were obtained from Naval Medical
Research Unit 2 (NAMRU-2), Jakarta. Antigens
were prepared as follows: monolayers of C6/36
cells were grown to 90% confluence in 75 cm2

flasks, then inoculated with dengue virus, and
incubated for 1 hour at 28 °C in an atmosphere
of 5% CO2. Flasks were supplemented with 15
mL of maintenance medium (minimal essential
medium, 2% fetal bovine serum [FBS], 1x non-
essential amino acids, 100 U/mL of penicillin, and
100 µg/mL of streptomycin) and maintained at
28 °C in an atmosphere of 5% CO2. Infection
was monitored daily by an inverted microscope
and cell supernatants were harvested at seven
or eight days post-infection. Maintenance medium
was changed after 2 to 4 days (depending on the
virus) and the culture supernatants and infected
cells were harvested when cytopathic effect was
apparent throughout the monolayer. The culture
supernatants were clarified by centrifugation for
10 minutes at 1000 rpm at 4 °C, and stored in
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aliquots at –80 °C until use. The infected
monolayers were washed with PBS and lysed in
2 ml of a hypotonic buffer containing 1% TX-
100. Intact nuclei were removed by brief
centrifugation at 14 000 rpm in a micro centrifuge
and the lysate supernatants (referred to as
“lysates”) were aliquoted and stored at –80 °C
until use. Virus stocks were stored as individual 1
mL aliquots in 20% FBS at –70 °C.

Immunoblotting

DENV-1, DENV-2, DENV-3, DENV-4 and
chikungunya antigens were prepared from lysate
supernatants in eppendorf tubes by mixing 25 µl
antigen with gliserol 3 µl, SDS (10%) 3 µl,
(bromophenol blue) and xylene cyanol 0.1% 2 µl
and boiling it for a minute. Antigen were separated
by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to
nitrocellulose membranes. Blots were probed
with DSSC7 antibodies from ascites at a 1:100
dilution. Bound antibodies were detected with
an alkaline phosphatase-conjugated goat anti-
mouse IgG antibody, followed by the addition of
substrate containing 0.15 M sodium barbital 9
ml, BCIP 1mg in DMF 200 µl, NBT 1mg and 40
µl M MgCl2. Protein loading and transfer
efficiency were monitored by Coomassie blue
and silver staining and the use of pre-stained
molecular weight markers, respectively.

Detection of DENV infection of
Ae. aegypti based on ISBPC assay

Positive control tissue specimens

Five-day-old male Ae. aegypti mosquitoes were
injected intrathoracally with DENV-3 strain H87,
and female Ae. aegypti were orally infected with
the blood sample of patient. DENV-3 strain H87
virus was obtained from NAMRU-2 Jakarta.
Blood samples from patients clinically diagnosed
as DHF were also used as source of infection
because they were positive dengue IgM and

IgG based on the immunochromatography test.
Head squash preparation made at incubation
period of 8 weeks was used as positive controls.
The slides were air-dried, wrapped in aluminum
foil, and stored at –80 °C. Before use, the head
squash preparation was fixed in acetone for 20
min at 4 °C.

Negative control tissue specimens

Negative controls comprised (1) uninfected Ae.
aegypti mosquitoes from non-endemic area of
DHF and Anopheles mosquitoes from Bantul
district, Yogyakarta province. The Anopheles
mosquitoes were used as negative control tissue
because they are not the vector of dengue virus.

The infected mosquitoes were held in small
cylindrical cages covered with mosquito
netting, and they were incubated at 27±1 °C
and a relative humidity of 88±6%. The
presence of dengue antigen on head squash
of intrathoracally-infected male Ae. aegypti
were detected based on ISBPC assay using mAb
2D3B10 and commercially mAb as positive
controls. The mAb 2D3B10 is specific for
DENV-3 and it reacts to viral E protein at the
molecular weight of 57.9 kDa, whereas the
commercially mAb reacts to DENV-1, DENV-
2, DENV-3, and DENV-4. Negative control
tissue specimens without primary antibody
were used as negative controls. Positive result
was detected as discrete brownish granular
deposits throughout most fields having brain
tissue. Negative result were detected as blue
colour throughout most field having brain tissue
and no brownish colour other than the chitinous
mosquito tissues and non-specific background
distinctly different from specific positive result[6].

Infection of mosquitoes

Four- to-five-day-old Ae. aegypti females were
orally infected with DENV-3 strain H87 virus.
The infected mosquitoes were held in small cages



Application of monoclonal antibody DSSC7 for detecting dengue infection in Aedes aegypti

Dengue Bulletin – Volume 32, 2008 87

covered with mosquito netting and incubated at
27±1 °C and a relative humidity of 88±6%. One
day after inoculation, the presence of dengue
antigen on the various organs of orally-infected
Ae. aegypti mosquitoes were optimized in the
paraffin-embedded tissue section based on
ISBPC assay using monoclonal antibody DSSC7
(diluted 1:10, 1:50, 1:100 in phosphate buffer
saline) as a primary antibody. The presence of
dengue antigen on the various organs of orally-
infected Ae. aegypti mosquitoes were also
observed 2 days, 3 days, 4 days and 5 days after
inoculation in the paraffin-embedded tissue
sections, head squashes and abdomen squashes
preparations based on ISBPC assay using
monoclonal antibody DSSC7 (1:50 in phosphate
buffer saline) as a primary antibody.

Result

Production of monoclonal antibody

It was possible to produce 50 cc of antibody
against DENV secreted by DSSC7 hybridoma in
ascites of two BALB/c mice. Monoclonal
antibodies in ascitic fluid were also secreted by
DSSF1. Typical antibody concentrations in ascites
of hybridoma-bearing mice ranged from 2–20
mg/l, and they represent a significant fraction of
all protein present. In contrast, the antibody levels
in culture supernatants of hybridomas were of
the order of 5–50 µg/ml. It is, therefore, obvious
that purification of antibodies from serum or
ascites will be much easier than from culture
supernatants. If antibodies must be purified from
culture supernatants, affinity chromatography is
usually the method of choice[7]. In this study,
monoclonal antibody secreted by DSSC7 clone
were not purified. According to Sutaryo et al.[10],
monoclonal antibodies secreted by 3E9E12,
2D3B10 and 1D10C5 clones were purified by
affinity chromatography on protein A, and the
mAb concentrations were 2.955 mg/ml, 2.645
mg/ml and 2.485 mg/ml respectively.

Characterization of monoclonal
antibody

Determination of isotype

A commercially available testing kit isotypic-
specific reagent (Sigma ISO-2) based on antigen-
mediated ELISA was used to perform isotype
analysis during this study. In this study,
monoclonal antibody secreted by DSSC7 clone
belonged to IgG class, IgG1 subclass.

Protein dengue

Dengue virus is a single-stranded, positive-sense
RNA virus with 11 kb unfragmented genome
surrounded by a lipid bilayer envelope. RNA codes
for three structural proteins and seven non-
structural proteins. Three structural proteins are
C (nucleocapsid), M (membrane-associated
protein) and E (envelope protein), and the seven
non-structural proteins have been named as
NS1,NS2, NS3, NS4, NS5, NS6 and NS7[14]. The
antigen used in this study comprised NS-3 protein
(68.9 kDa), E protein (57.9 kDa), and NS-1
protein (48.0 kDa) (Figure 1).

Figure 1: DENV-3 viral protein (Yogyakarta
isolate) gel (SDS-PAGE) that has been stained

with silver dye showing strong bands at
molecular weight of 68.9 kDa (NS-3

protein), 57.9 kDa (E protein), and a weak
band at 48.0 kDa (NS-1 protein)
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Monoclonal antibody secreted by a single
hybridoma (DSSC7) was generated from the
third fusion-recognized dengue complex-
specific epitope (DENV-1, DENV-2, DENV-3,
DENV-4) at molecular weight of about 48.000
Da (48 kDa) based on Western blotting analysis
(Figure 2).

Figure 2: Monoclonal antibody DSSC7
(1:100) recognized dengue antigen (DENV-1,

DENV-2, DENV-3, DENV-4) epitope at
molecular weight of 48 kDa showing no

cross-reactivity toward chikungunya antigen
based on Western blotting method
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According to Henchal and Putnak[14],
nonstructural (NS-1) DENV protein has
molecular weight of 48.000 Dalton. The NS-1
protein could be found in the cell, at plasma
membrane, or it is secreted out of the cell
during the infection. The figure also showed
that there was no cross-reactivity between the
mAb DSSC7 toward chikungunya antigen. This
finding supported the previous study that the
mAb DSSC7 showed high immunoreactivity
toward DENV-1, DENV-2, DENV-3, DENV-4
and no cross-reactivity toward Japanese
encephalitis and chikungunya antigen based on
indirect ELISA[10]. Meanwhile, the previous
study showed that mAb secreted by a single
hybridoma (2D3B10), which generated from
the second fusion, recognized a DENV-3 virus

type-specific determinant (epitope), based on
immune dot blot assay by using DENV-1, DENV-
2, DENV-3, and DENV-4 antigen (Yogyakarta
isolate)[15].

Detection of DENV infection of
Ae. aegypti based on ISBPC assay

Positive control

Dengue antigen was detected as brownish
colour in the cytoplasm of infected cell
throughout most fields having brain tissue of
infected Ae. aegypti mosquito with DENV-3
strain H87 at incubation period of 11 days
under light microscope based on ISBPC assay
using mAb 2D3B10 (1:50) as primary antibody.
The previous study showed that the mAb
2D3B10 recognized DENV-3 viral E protein.
Antigen was also detected as discrete brownish
granular deposits throughout most fields having
brain tissue of orally-infected Ae. aegypti
mosquito with DENV-3 strain H87 at incubation
period of 8 days under light microscope based
on ISBPC assay using commercial mAb as
primary antibody. According to the
manufacturer (Chemicon Laboratory), the mAb
reacts to DENV-1, DENV-2, DENV-3, and
DENV-4. Both brownish colour in the
cytoplasm of infected cells and discrete
brownish granular deposits throughout most
fields having brain tissue of orally-infected Ae.
aegypti mosquito with DENV-3 strain H87 at
incubation period of 11 days were shown under
light microscope based on ISBPC assay using
mAb DSSC7 (1:50) as primary antibody. The
negative result was shown on head squashes
of uninfected Ae. aegypti from non-endemic
area of DHF and head squashes of Anopheles
mosquitoes as blue colour throughout most
fields having brain tissue and no brownish colour
other than the chitinous mosquito tissues and
non-specific background distinctly different
from specific positive result (Figure 3).
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Figure 3: Head squashes immunocytochemical preparation of orally-infected Ae. aegypti with
DENV-3 strain H87 at incubation period of 11 days showing positive reaction as brownish
coloration in the cytoplasm of infected cells with mAb 2D3B10 (A), and showing positive

reaction as discrete brownish granular deposits throughout most fields having brain tissue with
commercial mAb as positive controls (B). Positive reaction was also shown as brownish
coloration in the cytoplasm and discrete brownish granular deposits with mAb DSSC7 as
primary antibody (C) and negative reaction was shown on head squashes of uninfected

Ae. aegypti preparation as blue coloration (D).

A B

D

250 µM

C

100 µM

The result indicated that DENV antigen was
detected on head squash preparation of Ae.
aegypti infected with DENV-3 at incubation
period of 11 days based on ISBPC assay using
mAb DSSC7 at concentration of (1:50) as
primary antibody.

The result indicated that DENV antigen was
also detected on paraffin-embedded section
of Ae. aegypti orally infected with DENV-3 at
incubation period of 1 day based on ISBPC
using mAb DSSC7 at concentration of (1:10)
and (1:50) and mAb 2D3B10 (1:50) as primary
antibodies (Table).
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Table: Result of microscopic examination of dengue antigen on paraffin-embedded section of
Ae. aegypti orally infected with DENV-3 at incubation period of 1 day based on ISBPC assay

using mAb DSSC7 1:10, DSSC7 1:50, DSSC7 1:100 from ascitic fluid and purified
mAb 2D3B10 1:50

DSSC7 1:10 12 0 12
DSSC7 1:50 12 0 12
DSSC7 1:100 0 8 8
Negative control 1 14 15
Positive control 12 0 12
Total 37 32 69

Result of immunocytochemistry
Positive Negative Total

Monoclonal antibody

The table indicates that there was no
significant difference between the positive rate
of mosquito preparation using mAb DSSC7 1:10,
DSSC7 1:50, and mAb 2D3B10 1:50 as primary
antibody based on Fisher’s Exact Test (P=1;
>0.05). The result also revealed that there was
no significant difference between the negative
control and mosquito preparation using mAb
DSSC7 (1:100) as primary antibody (P=0.62;
>0. 05).

The monoclonal antibody DSSC7 (diluted
1:50 in PBS) was optimum to be used as
primary antibody to detect DENV antigen in
various organs of orally-infected Ae. aegypti in
the tissue section preparation based on ISBPC
assay under light microscope (Figures 4–7).

The DENV viral antigens were detected
in the mid gut in the cytoplasm cells at
incubation period of 1–3 days, in the
haemocytes at incubation period of 1–2 days,
in the fat (1–2 days) (Figure 4), in the brain at
incubation period of 2 days (Figure 5), in the
salivary glands at incubation period of 2 days
(Figure 6), in the ovaries at incubation period
of 1–2 days (Figure 7).

The DENV viral antigen was also detected
on head squash and abdomen squash
preparation (Figure 8).

In the head squash preparation, positive
result was detected as discrete brownish
granular deposits throughout most fields having
brain tissue. DENV viral antigen were
immunolocalized to the cytoplasm of >100
cells per field at 100x magnification in high
infection, 10–100 cells per 100x field in
moderate infection. Low infection cannot be
seen at 100x magnification, and the infection
can be seen at 400x magnification. Meanwhile,
negative result was detected as blue colour
throughout most fields having brain tissue and
no brownish color other than the chitinous
mosquito tissues and non-specific background
distinctly different from specific positive result.
The result also exhibited that DENV viral
antigens were detected in oocytes at incubation
period of 4 days and 5 days and it also indicated
that the infection rate of abdomen squash and
head squash at incubation period of five days
were 75% and 33.33% respectively.
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Figure 4: Tissue section preparation of orally-infected Ae. aegypti with DENV-3 at difference
incubation period showing dengue viral antigen (brownish colour) in various organs of orally-
infected Ae. aegypti in the mid gut in the cytoplasm cells at incubation period of 1 day (B),

3 day (C), haemocytes at incubation period of 1 day (E), and fat at incubation period of
1 day (H) 2 day (I) based on ISBPC assay using monoclonal antibody DSSC7 (1:50).

Blue colour is shown in the cytoplasm cells of mid gut (A), hemocyte (B), and fat (G)
as negative control without primary antibody
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Figure 5: Tissue section preparation of orally-infected Ae. aegypti with DENV-3 at different
incubation periods showing dengue viral antigen in the brain –deutocerebrum (A),

protocerebrum, tritocerebrum ang facet eye (C) based on ISBPC assay using
monoclonal antibody DSSC7 (1:50)
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Facet eye

Tritocerebrum

Tritocerebrum

A B

C D

Deutocerebrum Deutocerebrum

100 µm
100 µm

250 µm

250 µm



Application of monoclonal antibody DSSC7 for detecting dengue infection in Aedes aegypti

Dengue Bulletin – Volume 32, 2008 93

Figure 6: Tissue section preparation of orally-infected Ae. aegypti with DENV-3 at incubation
period of 2 days showing dengue viral antigen in the cytoplasm of salivary gland based on

ISBPC assay using monoclonal antibody DSSC7 (1:50)

250 µm

250 µm

Figure 7: Tissue section preparation of orally-infected Ae. aegypti with DENV-3 showing dengue
viral antigen in the ovary at incubation period of 1 day (B) and at incubation period of 2 days

(C, D) based on ISBPC assay using monoclonal antibody DSSC7 (1:50)
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C D
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Figure 8: Head squash and abdomen squash of orally-infected Ae. aegypti with DENV-3
at incubation period of 5 days showing dengue viral antigen in the brain (A), and eggs in the

ovary (D,F) based on ISBPC assay using monoclonal antibody DSSC7 (1:50)

A B C

D E F

Discussion

Hybrid cells (DSSC7) producing antibodies
were grown in flask containing complete RPMI
medium. The hybrid cells were inoculated intra
peritoneal into pristane-treated BALB/c mice.
After 2–3 weeks, the ascitic fluid produced by
each mouse was collected with a syringe or by
puncturing the abdomen, and then stored for
further steps, while the hybrids were stored in
liquid nitrogen. It has produced 50 cc of
antibody against DENV secreted by DSSC7
hybridoma in ascites of two BALB/c mice.
Monoclonal antibody secreted by DSSC7 clone
belongs to IgG class, IgG1 subclass. An
important early characterization test of any
panel of antibodies is the analysis of whether
they react with the same, close or totally

different epitopes. Monoclonal antibody
secreted by a single hybridoma (DSSC7) which
generated from the third fusion recognized as
DENV complex specific epitope and showing
no cross-reactivity toward CHIK antigen based
on Western blotting analyses. The mAb DSSC7
reacts to non-structural protein (NS1).

The viral NS1 protein circulates in the sera
of infected patients throughout the clinical phase
of the disease. Novel diagnostic tests based on
NS1 detection have been recently developed
and marketed. During in vitro infection, the
flavivirus NS1 protein is expressed as an
intracellular membrane-associated form essential
for viral replication[16,17]. In solution, secreted NS1
protein behaves as a hexamer; it circulates and
accumulates in the sera of dengue virus-infected
patients throughout the clinical phase of the
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disease[18,19,20]. A recent study demonstrated that
soluble NS1 protein binds to endothelial cells
and, following recognition by anti-NS1
antibodies, could contribute to plasma leakage
during severe dengue virus infection[21]. The
detection of secreted NS1 protein represents a
new approach to the diagnosis of acute dengue
infection. A recently developed, commercially
available diagnostic test based on dengue NS1
antigen-capture ELISA (Platelia Dengue NS1 Ag
test, Bio-Rad Laboratories, Marnes la Coquette,
France), was investigated in two studies (one in
South America and the other in South-East Asia);
the test had an overall sensitivity of 88.7% and
93.4% in the two studies, with 100%
specificity[22,23].

The monoclonal antibody DSSC7 was able
to be used as primer antibody to detect DENV
infection in Ae. aegypti on tissue section, head
squash, abdomen squash preparation of orally-
infected Ae. aegypti with DENV-3 at different
incubation periods based on ISBPC assay.
Therefore, it will be suitable for detecting the
DENV infection in Aedes.

Immunocytochemistry is a powerful
method for the identification of proteins or
antigen in cells and tissues. However, this
method is dependent on the specificity of the
antibody binding to the epitope of the protein
used as an immunogen. The specificity of the
result depends on two independent criteria:
the specificity of the antibody and of the
method used. The antibody specificity is best
determined by immunoblot and/or
immunoprecipitation. The specificity of the
method is best determined by both a negative
control, replacing the primary antibody with
non-immune serum, and a positive control,
using the antibody with cell, known to contain
the protein or antigen[24].

This study followed the principle of ISBPC
techniques to demonstrate antigen in cells or
tissue as follows (Figure 9).

Figure 9: The principle of
immunohistochemistry (immunoperoxidase
SBC) techniques to demonstrate antigen in

cells or tissue

(1) The endogenous peroxidase activity
may be destroyed by treating a
specimen with hydrogen peroxide
solution.

(2) The non-specific background is
eliminated by incubating the specimen
with non-immune serum.

(3) The primary antibody to specific
antigen is incubated to target antigens.
This is followed by addition of
biotinilated second antibody which
serves as the linker between the
primary antibody and peroxidase-
streptavidin conjugate.

(4) Streptavidin-peroxidase is then added
to bind to the biotin residues on the
linking antibody.

The presence of enzyme can be revealed
by addition of a mixture of substrate-
chromogen solution. The enzyme peroxidase
will catalyse the substrate, hydrogen peroxide,
and convert the chromogen to a brown
coloured deposit demonstrating the location
of the antigen.
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This finding indicated that the transovarial
infection of DENV in Ae. aegypti could be
observed both in the tissue section and
abdomen squash preparation of the mosquito
based on immunocytochemical assay using
mAb DSSC7 as primary antibody. Other study
(Umniyati, unpublished data) indicated that
natural transovarial infection of DENV virus in
Ae. aegypti were identified in Gondokusuman
sub-district, Yogyakarta Municipality, post
outbreak of DHF in 2004, based on the
identification of DENV antigen in the brain on
head squash of mosquito reared from larvae
and pupae collected from domestic household
wells and water containers for bathing (bak
mandi) without blood feeding, using mAb
DSSC7. Based on these reports, natural
transovarial transmission in the domestic
household wells and bak mandi have great
epidemiological significance and may play an
important role in the maintenance of virus in
nature, and may act as reservoirs of these
viruses. Therefore, vector surveillance and
control activities in domestic household wells
as part of an active community DENV control
strategy should be performed.

Several studies suggest the existence of
transovarial DENV transmission in Aedes
infected female mosquitoes, allowing
propagation of virus to their progeny. Such a
process would allow it to act as a reservoir for
virus maintenance during interepidemic
periods. The transovarial transmission rate of
DENV was found to be seven times higher in
the high susceptible isofemale lines than in the
low susceptible lines. The rate of transovarial
transmission initially increased in the initial two
generations (F1-F2), but in further generations

it was steady. It was also reported that a higher
transovarial transmission rate in the progeny
was obtained from the longer desiccated
eggs[25].

Conclusion

Monoclonal antibody DSSC7 recognized DENV
complex specific epitope at molecular weight
of 48 kDa (NS1) protein and showed no cross-
reactivity toward chikungunya antigen. The
monoclonal antibody belongs to IgG class, IgG1
subclass, and it is able to be used as primary
antibody to detect DENV infection in Ae. aegypti
on tissue section, head squash and abdomen
squash preparation in experimental infection
based on ISBPC method.

Suggestion

Monoclonal antibody DSSC7 could be applied
as primary antibody to investigate the natural
transovarial infection of DENV in Ae. aegypti,
for developing vector surveillance and early
warning system to anticipate a DHF epidemic.
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