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Swift and early diagnosis of dengue is important for case management and epidemiological purpose. We
developed a dengue NS1 antigen specific capture enzyme-linked immunosorbent assay (ELISA) for early
diagnosis using a panel of monoclonal antibodies (mAbs), which are generated against monomeric non-

structural (NS1) antigen expressed in E. coli. The mAbs were tested for its usefulness in dengue diagnosis
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Accepted 8th December 2016 during dengue outbreak in Tamil Nadu, India and compared with routinely used methods like RT-PCR,
MAC-ELISA and commercially available NS1 antigen detection kit. The results of the comparative analysis

DOI: 10.1035/c6ra24763f suggest that the raised mAb may be used for the routine screening of suspected sera and also for the
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Introduction

Dengue is a mosquito-borne viral infection caused by closely
related four antigenically distinct virus serotypes (DEN-1, DEN-
2, DEN-3 and DEN-4) which are classified under the genus
Flavivirus, family Flaviviridae. The majority (~75%) of infec-
tions in humans are asymptomatic or with mild symptoms and
may leads to dengue fever (DF) or more severe form known as
dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS).
Due to non-availability of vaccines or drugs, early diagnosis of
dengue infection is important to differentiate between dengue
and other diseases with similar clinical symptoms, such as
malaria, yellow fever, Japanese encephalitis and chikungunya."?

The dengue virus nonstructural NS1 protein is a ~47 kDa
glycoprotein which is produced during viral replication and it
has been identified as an important antigen in dengue virus
infection.> NS1 protein is produced by all flaviviruses and is
secreted from infected mammalian cells during early phases of
infection.

NS1 glycoprotein can be detected by an enzyme linked
immunosorbent assay (ELISA) using a NS1 glycoprotein specific
monoclonal antibody (mAb) in dengue affected human sera.*®
Moreover, this test will provide rapid results, hence it has more
advantage on endemic regions.’** Sensitivity of commercially
available kits varies depending on the severity of the cases and
the endemic regions, also varies for the four dengue virus
serotypes depending on the geographical region."***
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detection of dengue virus antigen in field collected vectors (mosquitoes).

The virus is transmitted to humans mainly by biting of
infected Aedes aegypti and Ae. albopictus. In the absence of
vaccine or antiviral treatment epidemiological investigation as
well as virus monitoring in mosquitoes is indispensable for
implementing effective control of disease spread by reducing
mosquito population. Some of the commercially available NS1
antigen based kits, which are intended for human serum
analysis, has also been reported to detect dengue antigen in
field caught mosquitoes. However, those kits were not evaluated
with respect to the sensitivity and stability for the field collected
mosquito pools.>” NS1 antigen-capture ELISA is more advan-
tages like, sensitive, ease of performing in testing, cost-effective
and non-requirement of sophisticated equipment.

In this present study, monoclonal antibodies have been
produced against recombinant dengue NS1 antigen. The iso-
types of the monoclonal antibodies were determined and
specificity and sensitivity of antigen capture ELISA for the
detection of dengue infection were determined compared with
the commercially available dengue diagnosis kit during on
suspected dengue outbreak. The mAbs were utilized in both
ELISA and IFA assay to analyse the virus presence in the field
collected Ae. aegypti and Ae. albopictus, also in the virus propa-
gated Toxorhynchites splendens larvae for laboratory dengue
virus analysis (Toxo-IFA).

Materials and methods

All experiments were performed in compliance with the relevant
laws and institutional guidelines. The study was approved by
the ethical committee of the Anna University. Animals were
maintained in accordance with the guidelines of the National
Institute of Nutrition, Hyderabad, India, and approved by the
Institutional Ethical Committee (IEC) of Anna University.
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Anti-dengue NS1 mouse monoclonal hybridomas

Dengue-2 virus recombinant nonstructural NS1 protein has
been expressed in E. coli and purified without any in vitro post
translational processes. The production and purification of NS1
protein has been described by us already."® Myeloma Sp2/0 cells
were obtained from NCCS - Pune, India. Four 6-8 week old
female BALB/c mice were immunized 4 times intraperitoneally
with 50 nug of monomeric NS1 antigen. Complete Freund's
adjuvant (Sigma-Aldrich, USA) was used in dose 1 and the
incomplete Freund's adjuvant (Sigma-Aldrich, USA) was used in
dose 2 and 3. Final dose was immunized with 50 ug of NS1
antigen using PBS. The immune response were analyzed using
indirect ELISA and serum titers were estimated.” The spleno-
cytes were fused with myeloma Sp2/0 cell line at a ratio of 5: 1
using 50% (w/v) polyethylene glycol (PEG).*

Screening and purification of mAbs

Hybridoma supernatants were screened for the presence of
mADbs against dengue NS1 antigen by indirect ELISA. 100 uL of
purified dengue NS1 protein (10 pg mL™") in PBS was used for
coating 96 well plates and incubated overnight at 4 °C. The wells
were blocked with 2% BSA, for 2 h at 37 °C. After three washes
with PBS containing 0.05% Tween 20 (PBS-T) the wells were
incubated with 100 pL supernatant from hybridoma clone for
2 h at 37 °C. The wells were washed three times with PBS and
the antibodies were detected using goat anti mouse IgG
conjugated with horseradish peroxidase as secondary antibody
ata 1:10 000 dilutions for 1 h incubation at 37 °C.** The plate
was again washed three times with PBST and 100 pL of 3,3',5,5'-
tetramethylbenzidine (TMB) substrate was added to the wells.
After 15 min of color development, optical density was
measured at 450 nm. Positive hybridoma cells were cloned by
limiting dilution. The isotypes of the mAbs were determined
with the mouse monoclonal antibody isotyping kit (Thermo
Scientific, USA) according to manufacturer's instructions. The
mAbs from hybridoma culture supernatants were purified using
Protein-G Sepharose column (Sigma-Aldrich, USA). The affinity-
purified mAbs were dialyzed against PBS pH 7.2 for 16 h. Protein
estimation was done by Bradford assay.>

Toxo-IFA screening

Dengue serotype 1 (P-23086) virus was obtained from NIV, Pune,
India. Tx. splendens larvae were immobilized on ice for few
minutes and dengue 1 virus was inoculated intracerebrally with
different dilutions.>*** During rearing period, Tx. splendens
larvae were fed with larvae of other species of mosquitoes
maintained in the colony and larvae inoculated with sterile
BAPS (bovine albumin phosphate buffered saline PH 7.4) were
used as controls. Virus inoculated and normal mosquito larvae
were grown at 28 + 1 °C and relative humidity of 80%.

After rearing period, head squashes of virus infected and
normal larvae were made on the Teflon coated microscopic
slides. Slides were air dried and fixed with chilled acetone for 5
minutes. Monoclonal antibody (15 pl diluted in PBS 1 : 5)/cell
culture fluid (20 pl) was added on the smear and incubated in
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a humid chamber at 37 °C for 30 minutes, followed by 4 times
wash with 1x PBS (20 ul); 15 pl of 1 : 100 dilution of goat anti-
mouse IgG FITC conjugate (Sigma-Aldrich) was added, incu-
bated for 30 minutes and washed with 1x PBS for 4 times. The
smears were mounted in 10% glycerol and examined under
fluorescent microscope. Commercially available dengue virus
specific monoclonal antibodies (Abcam, USA) were used as
positive control.

Cross reactivity and specificity of mAbs

Monoclonal antibodies were coupled with horseradish peroxi-
dase (HRP) according to modified periodate method.>® Cross
reactivity and specificity of generated mAbs were analyzed by
the ELISA and western blot against all four dengue serotypes
and also against Japanese encephalitis (JE), West Nile and chi-
kungunya viruses.

NS1 antigen capture ELISA on mosquito pools

Microtitration plates were coated overnight with 100 pl per well
of mAD at 4 °C. Wells were washed with PBST buffer (PBS, 0.05%
Tween 20) and 100 pl per well of blocking buffer (2% BSA) was
added and incubated at room temperature for 2 h. Mosquito
homogenate samples were added to wells (100 pl per well) and
incubated for 2 h at room temperature. The wells were washed
again and incubated for 2 h at 37 °C with 100 pl per well of
HRP conjugated NS1 mAbs. After three further washes with
PBST, 100 pL of (TMB) substrate was added to the wells, allowed
for color development and optical density was measured at
450 nm.**

RNA extraction, RT-PCR and MAC-ELISA

A total of 30 suspected serum specimens were collected between
days 0 and 7 (acute-phase) during on suspected dengue
epidemic in Tamil Nadu, India, in 2015. For cross-reactivity
analysis, Japanese encephalitis (JE), West Nile virus and chi-
kungunya serum samples (each 5, total numbers = 15) were
analysed. Clinical samples were analyzed using HRP conjugated
mAbs and commercially available Panbio Dengue Early ELISA
kit (Panbio Diagnostics, Brisbane, Australia) and results were
compared. The cut-off value has been calculated using the
average absorbance of confirmed negative samples and with
their standard deviation. The RNA was extracted from 100 pL of
serum sample using QIAamp viral RNA mini kit (Qiagen). All the
serum samples were subjected to MAC-ELISA and RT-PCR and
serotypes were analysed using specific primers.”” Selected
samples were subjected to real time RT-PCR.?®

Results
Production of anti-dengue NS1 mAbs

Seven positive hybridoma clones were successfully sub-cloned,
and three clones (D5, E4 and E7) were selected for further
studies based on their reactivity against dengue NS1 protein. All
three anti-dengue NS1 mAbs (D5, E4 and E7) had IgG1 type
heavy chain and kappa light chain (k).

This journal is © The Royal Society of Chemistry 2017
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Toxo-IFA screening

In addition to the usual ELISA screening process, we have also
screened hybridoma clones using Toxo-IFA system. It is used on
the initial screening of hybridoma clones and also on the final
confirmation of monoclonal antibody reactivity. This screening
method is simple and it has more advantage for screening the
reactivity of monoclonal antibodies. The results were also
corroborated with the other screening process (Fig. 1A-C).
Positivity of virus presence was identified based on the intensity
of the fluorescence and no fluorescence were observed on
negative control. With the note of this, mAbs D5, E4, and E7 can
also be utilized to detect the presence of antigen on IFA assays
(unpublished data).

Purification of mAbs

The purification of mouse mAbs of the IgG1 and the preparation
of immune affinity columns were carried out according to the
manufacturer's instructions (Sigma-Aldrich, USA). After the
purification, antibody concentration for the clones D5, E4 and
E7 were 0.598 mg mL ™!, 0.694 mg mL ' and 0.612 mg mL ™"
respectively.

Specificity of mAbs

The results showed strong reactivity among all dengue sero-
types and no reactivity for JE, West Nile virus and chikungunya.
Virus antigen and sera samples were used to analyse the cross
reactivity. Specificity of all the three purified mAbs (three clones
- D5, E4 and E7) were confirmed.

NS1 antigen capture ELISA

The NS1 antigen capture ELISA is similar to a standard antigen
capture ELISA. The detection limit of antigen concentration was
0.0625 ng mL~ " and higher sensitivity was observed at 1 pg
mL~'. The mAbs were also able to identify the NS1 antigen
presence on the field collected mosquitoes.

Comparative analysis of different diagnostic methods

In order to evaluate the efficiency of the mAbs for detection of
NS1 antigen in clinical samples, NS1 capturing ELISA has been
utilized. The results showed that out of 30 samples, 15 samples
were positive on Panbio kit and 19 were positive on mAbs D5, E4
& E7. However, the samples were further confirmed by RT-PCR
and MAC-ELISA and it was found that, out of 30 samples, only
20 samples were positive either on RT-PCR or MAC-ELISA. With
reference to the RT-PCR and MAC-ELISA results, out of 20
positive samples, Panbio kit was able to detect 15 samples and
mAbs D5, E4 & E7 were able to detect 19 samples and the
specificity was found to be 100% for both, since it showed no
false-positive results (Table 1). The detection sensitivity of D5,
E4 & E7 was consistent from the samples collected from the
onset of illness (0-7 days) (Fig. 2-results shown here for the
clone D5 only) and no cross-reactivity was observed with JE,
WNV and CHIKV samples. Serotypes were determined for all
the positive samples using RT-PCR and for RT-PCR negative

This journal is © The Royal Society of Chemistry 2017

View Article Online

RSC Advances

1.A. Positive control - Commercial mAb(Abcam, USA)

1.B. mAb (D5)

1.C. Negative Control — Normal Toxo larvae

Fig. 1 Toxo-IFA screening. (A & B) Fluorescence indicates the pres-
ence of dengue virus. (C) No fluorescence were observed on negative
control.

samples (sample ID: NG248, NG246, NG256 & NG268) real time
RT-PCR was used to determine the serotypes.*”*®

Discussion

Monoclonal antibodies have become inevitable components in
diagnostic field. It is promising on disease diagnostic field.***
The present work focuses on the determination of possible use
of developing an antigen capture assay for early diagnosis of
acute dengue virus infections. Three monoclonal antibodies
producing clones (D5, E4 & E7) have been raised against the
dengue virus recombinant NS1 antigen.

NS1 antigen capture ELISA has distinct diagnosing poten-
tials than any other diagnosis process. Several studies have been
reported using the NS1 antigen detection method for the early
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Table1 Suspected serum samples collected from the patients with clinical dengue symptoms on different diagnostic methods (positive samples

on either RT-PCR or MAC-ELISA = 20) (n = 30)

Days from the onset

SI no Sample ID of illness RT-PCR MAC-ELISA Panbio D5 mAb Serotype
1 NG209 0 + — + + DEN1
2 NG217 0 + — + + DEN4
3 NG251 0 + — + + DEN2
4 NG215 1 + - + + DEN3
5 NG261 1 + — — + DEN1
6 NG227 2 + + + + DEN1
7 NG248“ 2 — + + + DEN3
8 NG265 2 + + - + DEN3
9 NG206 3 + + + + DEN2
10 NG243 3 + + + + DEN3
11 NG246° 3 - + — + DEN1
12 NG262 3 + + + + DEN1
13 NG200 4 + + + + DEN2
14 NG222 5 + + + + DEN2
15 NG240 5 + + + + DEN1
16 NG242 6 + + + + DEN1
17 NG210 7 + + — + DEN3
18 NG256“ 7 - + + + DEN2
19 NG268° 7 - + - - DEN4
20 NG275 7 + + + + DEN2
Total 16 15 15 19

“ Serotype confirmed by the real time RT-PCR.

diagnosis of dengue virus infection, however still the sensitivity
and competency of NS1 antigen based diagnosis need more
evaluation.*** The sensitivity of our mAbs (D5, E4 & E7) were up
to 0.0625 ug mL ™' on NS1 antigen detection.

The mAbs showed no cross reactivity with other closely
related members of the genus Flavivirus (Japanese encephalitis
(JE), West Nile virus) and chikungunya virus. In addition, the

Sensitivity of RT-PCR, MAC-ELISA,
Panbio and mAb D5

100
75
S
z mRT-PCR
S 50
= B MAC-ELISA
{ o)
% M Panbio
25 B D5 mAb
0
0 1 2 3 4 5 6 7

Number of days after onset of illness

Fig. 2 NS1 antigen detection sensitivity percentage using different
diagnosis methods on number of days after onset of illness.

1930 | RSC Adv., 2017, 7, 1927-1931

detecting sensitivity of dengue serotypes is almost similar.
While comparing with Panbio kit, the results were better (Pan-
bio 75% and mAbs D5, E4 & E7 95%). It is found that results
varied with Panbio and the mAbs (D5, E4 & E7) for the clinical
samples NG210, NG265. To analyze the possible reason behind
this, we serotyped all the samples and found that both NG210
and NG265 were serotype 3. This is consistent with earlier
observations reporting Panbio kit has low sensitivity on
detecting dengue 3 serotype.***

Till date, diagnostic kits intended for the detection of WNV
and Saint Louis encephalitis virus (SLEV) are available
commercially. No such kits are available for DENV detection in
mosquitoes. A handful of researchers have shown that
commercially available dengue NS1 antigen detection kit
intended for human serum can also be useful for antigen
detection in mosquitoes (Dengue NS1 Ag Strip, Bio-Rad France,
Panbio Dengue Early ELISA; Panbio, Australia).*® Though the
Platelia Dengue NS1 Ag kit has reported 98% sensitivity for
detecting DENV in mosquito pools, the application of the test in
field conditions still in doubt since the sensitivity was assessed
in experimentally infected mosquitoes in lab.*® Panbio kit also
reported with better detection sensitivity on infected mosqui-
toes.* Our mAbs showed 100% sensitivity when analyzed with
field collected mosquitoes (data not shown). The ability of mAbs
were also checked in detecting NS1 antigen in dengue virus
infected Tx. splendens larvae using Toxo-IFA system.

Conclusions

In this study, we have developed a panel of anti-NS1 mAb
secreting hybridoma clones and validated the use of mAbs (D5,

This journal is © The Royal Society of Chemistry 2017
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E4 & E7) as a diagnostic tool for dengue diagnosis during
outbreak investigation. The mAbs were successfully utilized in
ELISA and immunofluorescence assay to analyse the virus
presence in field caught Ae. aegypti, Ae. albopictus and in virus
propagated Tx. splendens larvae (Toxo-IFA).
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