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Background: Dengue is an emerging public health problem causing serious morbidity and
mortality in tropical developing countries. Early, sensitive and specific diagnosis is para-
mount for clinical decision making. Currently available diagnostic tests are limited in scope
and utility. This study highlights applicability of RT-LAMP in dengue diagnosis.
Methods: 100 dengue confirmed cases, 100 dengue negative cases and 79 healthy negative
controls from dengue epidemic between Sep 2009 to Jul 2011 were included. Dengue cases
were profiled using WHO guidelines 2006, haematological and biochemical parameters
evaluated and diagnosed using NS1 antigen, IgM and IgG enzyme immunoassay, RT-PCR
and RT-LAMP. Positive cases were serotyped, genotyped and various tests were compared.
Results: Mean haematocrit, PT, PTT, platelet count, activated lymphocytes, serum fibrin-
ogen, transaminases, bilirubin, lactate dehydrogenase, protein and sodium were signifi-
cantly elevated in DHF/DSS as compared to DF. NS1 antigen, RT-PCR and RT-LAMP were
sensitive during 1-3 days while p-capture IgM EIA was specific after 5—7 days of initial
infection. DEN-1 genotype III was predominant.
Conclusion: Deranged haematocrit and liver function tests are indicators of the severity of
the disease. RT-LAMP is rapid, cost effective, highly sensitive and specific qualitative and
quantitative technique which can detect dengue infection in both early and intermediary
stages when NS1 antigen titres are not in the detectable range and the IgM antibody titres
have just started to rise. Its superiority over existing techniques, amenability for auto-
mation and promising utility in low resource healthcare setups and field conditions raise it
as the new gold standard for dengue diagnosis.
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Introduction

Dengue is a leading public health problem threatening one
third of the world population residing in tropical developing
countries. Four closely related, but antigenically different
serotypes (DEN 1—4) produce either an asymptomatic infec-
tion or a moderate febrile illness such as dengue fever (DF) or
serious fatal forms, dengue haemorrhagic fever (DHF) and
dengue shock syndrome (DSS).*

Many outbreaks and epidemics of DF or DHF have been
reported during the past few decades. World health organi-
zation reported a total of 10,000 laboratory confirmed cases of
dengue infection by multiple serotypes in the epidemic of 1996
and 2185 cases in 2003 outbreak.”™*

Dengue exhibits both hyperendemicity and epidemicity.
Multiple sequential infections with different serotypes are
possible as primary dengue infection induces serotype specific
immunity. Seroepidemiological studies have shown that
secondary infection is a major risk factor for DHF and DSS
through antibody-dependent enhancement.® Epidemics of
DHF/DSS are fret with serious morbidity and mortality and
rapidly strain the developing nation health system. In the
absence of licensed vaccines or specific antiviral therapy,
patient management relies entirely on good supportive care.

Early, sensitive and specific diagnosis is paramount for
patient management, prevention of complications, etiologic
investigation and disease control. Early diagnosis within 5
days of infection is achieved by NS1 antigen detection, virus
isolation and nucleic acid amplification. NS1 antigen detec-
tion is a lateral flow chromatographic technique but is unable
to identify the serotype. Nucleic acid amplification techniques
such as reverse transcriptase polymerase chain reaction (RT-
PCR), real-time PCR, multiplex PCR (M-PCR) and nucleic acid
sequence based amplification (NASBA) can identify serotypes
but are limited by requirement of high-precision instrument
for amplification and complicated method for detection of
amplified products.®™® Virus isolation needs sophisticated
labs and cannot be used widely. Diagnosis after 5 days is
conferred by IgM and IgG based serological techniques such as
haemagglutination inhibition, complement fixation, neutral-
ization tests and enzyme immunoassay (EIA). IgM p-capture
enzyme immunoassay is simple and used widely. IgG enzyme
immunoassay is nonspecific as it exhibits cross-reactivity
among flaviviruses. Both IgM and IgG based immunoassays
cannot identify the serotype.®”

With mankind facing a huge burden of a lethal disease
such as dengue, the development of better diagnostic tests is
necessitated. Reverse transcription loop-mediated isothermal
amplification (RT-LAMP) is a novel gene amplification tech-
nique which has been proven to be highly sensitive, specific
and efficient.’® After its introduction by Notomi et al in 2000,
its applicability was limited by lack of continuous evaluation.

The aim of this study was to develop and evaluate RT-
LAMP technique for detection and differentiation of dengue
virus serotypes. Dengue was diagnosed using NS1 antigen,
IgM and IgG EIA, RT-PCR and RT-LAMP and various tests were
compared. The feasibility of the RT-LAMP technology and
applicability for clinical diagnosis of dengue virus infection
are discussed.

Materials and methods

A total of 279 patients including 100 dengue confirmed cases,
100 dengue negative cases and 79 healthy negative controls
between Sep 2009 to Jul 2011 from New Delhi and adjoining
areas were included in the study after approval of hospital
ethical committee. Cases of all age groups were selected
employing the Case Definition Criteria for Dengue Fever as per
WHO guidelines 2006. Samples were transported to the labo-
ratory within 6 h of collection and stored at —70 °C until pro-
cessed. Haematological parameters were performed by
coulter machine followed by confirmation under microscope
and coagulation profile was done. Liver function, renal func-
tion, serum proteins and electrolytes were also assessed.
Samples were subsequently analysed for presence of NS1
antigen, IgM and IgG antibodies and viral detection using RT-
PCR, M-PCR and RT-LAMP. NS1 antigen was done by lateral
flow rapid test kits. IgM and IgG antibodies were detected by p-
capture enzyme immunoassay kit from National Institute of
Virology, Pune, India. IgM values >1.1 NIV units and IgG values
>2.2 NIV units were indicative of either an active primary or
secondary dengue infection. Nucleic acid amplification was
preceded by RNA extraction using the QlAamp viral RNA mini
kit (Qiagen, Germany) following the manufacturer’s protocol.
RT-PCR was done as per the process described by Lanciotti
et al with certain modifications.” cDNA was synthesized from
viral RNA using reverse primer (D2) targeting the prM gene,
reverse transcriptase of Moloney murine leukaemia virus
origin (MMLV-RT) and RNasin® Ribonuclease inhibitor
(Promega, USA) following manufacturer’s protocol. RT-PCR
was carried out using the cDNA as template, forward primer
(D1) targeting the capsid gene and thermostable Tag DNA
polymerase (Promega, USA) loaded to the thermal cycler (Bio-
Rad, USA) following manufacturer’s protocol. PCR amplicon
was detected by 1% or 2% agarose gel electrophoresis
described by Sambrook et al, 1989 followed by visualization in
a Gel Documentation System (Bio-Rad, USA) and photo-
graphed (Fig. 1). The reference strains were used as positive

One step RT-PCR employing dengue group specific consensus primer
Target- CprM (511bp) Genome position-134-644
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Fig. 1 — RT-PCR for dengue.
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controls and DEPC treated water as negative control. M-PCR
was carried out using the cDNA as template, forward primer
(D1), DEN-1-DEN-4 specific reverse primers (TS1-TS4) and
thermostable Tag DNA polymerase (Promega, USA) loaded to
the thermal cycler (Bio-Rad, USA) following manufacturer’s
protocol (Fig. 2).

RT-LAMP comprised of primer designing, amplification,
detection, interpretation and real-time monitoring. A set of six
primers comprising two outer, two inner and two loop primers
recognizing eight distinct regions on the target sequence were
designed employing the LAMP primer designing support
software program (Net laboratory, Japan, http://venus.
netlaboratory.com). Forward outer primer (F3), backward
outer primer (B3), forward inner primer and backward inner
primer, and forward loop primer (FLP) and backward loop
primer (BLP) were demarcated. Forward inner primer consists
of a complementary sequence of F1 and a sense sequence of
F2. BIP consists of a complementary sequence of Bl and
a sense sequence of B2. Forward inner primer and backward
inner primer were high performance liquid chromatography
(HPLC) purified primers. The FLP and BLP primers were
composed of the sequences that are complementary to the
sequence between F1&F2 and B1&B2 regions respectively. The
details of the each primer with regards to their positions in the
genomic sequences are shown in Table 1 and Fig. 3.

The RT-LAMP reaction was carried out in a total 25 ul
reaction mixture using the Loopamp DNA amplification kit
containing 50 pmol each of the primers Forward inner primer
and backward inner primer, 5 pmol each of the outer primers
F3 and B3, 25 pmol each of loop primers FLP and BLP, 1.4 mM
dNTPs, 0.8 M betaine, 0.1% Tween20, 10 mM (NH4),S0,4, 8 mM
MgSO,, 10 mM KCl, 20 mM Tris—HCI pH 8.8, 16 units of the Bst
DNA polymerase (New England Biolabs), 0.25 units of the AMV
Reverse Transcriptase (Invitrogen, USA), and the specified
amounts of target RNA were incubated at 63 °C for 60 min in
heating block. The analysis of each sample was performed in
a set of four tubes each having the primer mix of a particular

One-Step Single Tube Multiplex PCR with
Serotype specific sense and antisense primers

M D1 D2 D3 D4 -ve

DEN-1490 bp ; DEN-2 230 bp
DEN-3 320 bp ; DEN-4 399 bp

Fig. 2 — Multiplex PCR for dengue.

serotype. Positive and negative controls were included in each
run, and all precautions to prevent cross-contamination were
observed.

The monitoring of RT-LAMP amplification was carried out
both by sophisticated techniques such as real-time spectro-
photometry, SYBR Green ultraviolet (UV) transillumination
and agarose gel electrophoresis, and field utility techniques
such as direct naked eye visualization and SYBR Green
colorimetry under natural light or hand held UV torch. Real-
time spectrophotometric analysis was done by recording
optical density (OD) at 400 nm every 6 s with the help of
Loopamp real-time turbidimeter (support from Defence
Research and Development Establishment, Gwalior, India).
The cut-off value for positivity was determined by checking
the time of positivity (Tp) in minutes at which the turbidity
increases above the threshold value fixed at 0.1 that is two
times more than average turbidity value of the negative
controls of several replicates. None of the positive samples
tested over multiple times showed positivity in terms of
increased turbidity after 30 min. Therefore, a sample having
Tp values <30 min and turbidity above the threshold value
>0.1 was considered as positive. SYBR Green monitoring was
done by adding 1 pl of SYBR Green I intercalating dye to the
reaction tube, checking colour change from yellow/orange to
green and bright appearance under UV transillumination as
positive result and no colour change as negative result.
Agarose gel electrophoresis was done with 10 ul aliquot of RT-
LAMP products electrophoresed on 3% NuSieve 3:1 agarose gel
(BMA, Rockland, ME, USA) in Tris-borate buffer followed by
staining with ethidium bromide and visualization in UV
transilluminator at 302 nm. To facilitate filed application of
RT-LAMP, naked eye visualization for white turbidity after
a pulse spun precipitate deposit and SYBR Green colorimetry
by checking orange to green colour change under natural light
or under hand held UV light (302 nm) were done. The 85 RT-
LAMP positive samples were serotyped by serotype specific
primers in a multiplex PCR format and few samples were
genotyped by both primer targeted amplification and
sequencing of C-prm gene junction.

Descriptive statistics and percentages were worked out.
Data was compared using Kappa statistical analysis which
included Cohen’s un-weighted Kappa, Kappa with lineage
weighting, Kappa with quadratic weighting and frequencies
and proportion of agreement. Strength of agreement between
0.8 and 1 was taken as perfect, 0.6—0.8 as substantial and
0.4—0.6 as moderate.

Results

Dengue confirmed cases by positive dengue serology or pres-
ence of nucleic acid were further classified as DF, DHF and DSS
which were 61%, 30% and 9% cases respectively as per WHO
case definition.® 92% of cases were seen in the post-monsoon
season from September to December in 2009—10. 89% patients
were 14 yrs or older. Male:female ratio was 1.7:1.

Mean haemoglobin in DF, DHF and DSS cases was 12.79 g/dl,
12.16 g/dl and 10.35 g/dl respectively. 9.2% DHF patients had
severe thrombocytopaenia (less than 20,000/uL) of which four
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Table 1 — Dengue primer sets for RT-LAMP.

Name of the primer Genome position (3’ UTR)

DEN-1 (199 bp)
(10,469—10,667)

DEN-2 (211 bp)
(1049—-10,659)

DEN-3 (218 bp)
(10,289—10,506)

DEN-4 (229 bp)
(10,289-10,517)

Forward outer (F3)

Backward outer (B3)

Forward internal primer (FIP)
[Flc + TTTT + F2]

Backward Internal primer (BIP)
[B1 + TTTT + B2c]

Forward loop primer (FLP)

Backward loop primer (BLP)

10,469—10,487
10,667—10,648

Flc 10,552—10,531
F2 10,489—10,506
B1 10,557—10,576
B2c 10,629—10,612
10,525—10,508
10,583—10,600

10,449—10,466
10,659—10,642
10,530—10,511
10,470—10,489
10,568—10,588
10,640—10,621
10,509—10,493
10,600—10,616

10,289—10,307
10,506—10,490
10,376—10,355
10,310—10,328
10,399—10,418
10,475—10,457
10,354—10,331
10,430—10,446

10,289—10,306
10,517—10,500
10,375—10,353
10,312—10,329
10,424—10,443
10,491—10,474
10,349—10,333
10,445—10,461

had evidence of spontaneous bleeding. Haematological and
biochemical parameters are presented in Table 2.

Age, sex, haemoglobin, leukocyte count parameters were
not found to be statistically significant in DHF/DSS as
compared to DF. Mean haematocrit, PT, PTT, serum fibrin-
ogen, platelet count, activated lymphocytes were significantly
elevated in DHF/DSS as compared to DF (p value <0.001). There
was significant correlation between the bleeding manifesta-
tion and the degree of thrombocytopaenia (p value <0.001).
Levels of ALT, AST, bilirubin, LDH, protein, BUN, sodium were
significantly elevated in DHF/DSS as compared to DF (p value
<0.001).

Out of a total of 100 dengue infection positive cases, 55%
serum samples were positive for NS1 Ag, 56% for IgM and 23%
for IgG of which 15% were positive for both NS1 Ag and IgM,
17% samples were positive for both IgM and IgG antibodies
and 5% were positive for both NS1 Ag and IgG. In DF cases, IgM
serology was positive in 55% patients, IgG in 18% and both IgG
and IgM was positive in 14.75% patients. In DHF cases, 66.67%
were IgM positive, 30% IgG positive and 26.67% positive for
both IgG and IgM. 77% of total serum samples were positive for
RT-PCR and 83% for RT-LAMP. 77% samples showed common
positivity for RT-PCR and RT-LAMP. Sensitivity, specificity,
positive and negative predictive values (PPV and NPV) of NS1
Ag with RT-PCR were 94.54%, 88.84%, 67.53% and 98.51% while

that with RT-LAMP was 100%, 87.5%, 66.26% and 100%.
Strength of agreement was substantial in both cases. There
was low sensitivity, specificity, PPV and NPV when NS1 and
RT-PCR were compared to IgM however RT-LAMP showed
sensitivity, specificity, PPV and NPV of 49.39%, 92.35%, 73.21%
and 81.16%. Strength of agreement was moderate. RT-LAMP
compared with RT-PCR showed a perfect agreement with
95% confidence interval of 0.9. 65% of total samples were
found to be positive for DEN-1 and 18% were positive for DEN-
3. DEN-1 genotype IIl was the predominant circulating virus in
the outbreak studied along with sporadic circulation of DEN-3
genotype III (Fig. 4).

Discussion

The dramatic resurgence and emergence of epidemic DF and
DHF have been attributable to substandard housing, over-
crowding, deterioration in water and waste management
systems associated with unplanned urbanization resulting in
ideal conditions for increased propagation of mosquitoes and
subsequent increase in transmission of dengue. Other factors
include decay in public health infrastructure and lack of
effective mosquito control. Air travel is known to transport
the virus to newer locations. Post-monsoon dengue outbreak

Schematic representation of primer designing for RT-LAMP assay

F3 F2 F1

B1 BLP B2 B3

5 -l il
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F3C F2C FLP F1C

Forward Internal Primer (FIP)
F1C F2
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Backward Internal Primer (BIP)

B1 B2C
5 Il 3

Forward Outer Primer (F3)
5' - 3

Backward Outer Primer (B3)

K

] o .

B1C B2C B3C

Forward Loop Primer (FLP)
5 3

Backward Loop Primer (BLP)

5' 3

Fig. 3 — Designing of primers for RT-LAMP.
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Table 2 — Haematological and biochemical profile of
dengue patients.

Parameter DF DHF DSS

(N=61)% (N =30)% (N=9)%
Haematological profile of dengue patients (N = 100)
Thrombocytopaenia 37 (60%) 30 (100%) 9 (100%)
Neutropenia 26 (42.6%) 12 (40%) 2 (22%)
Lymphocytosis 02 (3.2%) 02 (6.6%) 02 (2.2%)
HCT>40% 03 (4.9%) 17 (56.6%) 8 (88.8%)
Elevated PTT 01 (1.6%) 01 (3.3%) 00
Elevated PT & PTT 00 04 (13.3%) 06 (66.6%)
Decreased fibrinogen 00 03 (10%) 03 (33.3%)
Parameter DF DHF/DSS p value

Mean + SD Mean + SD

Biochemical profile of dengue patients (N = 100)
AST (IU/litre) 70.36 £49.96 192.62 +£172.02  <0.001
ALT (IU/litre) 79.93 £ 64.06 185.36 + 143.12  <0.001
S. bilirubin (mg/dl) 074 +039  1.526+ 1.00 <0.001
Elevated serum LDH 356.56 + 98.68 524.46 + 195.57 <0.001

in Indian subcontinent® is attributable to increased vector
breeding due to conducive temperature, humidity and avail-
ability of water reservoirs. Hyperendemicity of dengue virus,
as evidenced by this study, plays an important role in the
increasing frequency and severity of DHF/DSS.**"'* All four
serotypes have been reported.”*> '8 DEN-3 has caused unex-
pected epidemics of DHF in Sri Lanka, East Africa, Latin

The study affirmed NS1 Ag as a marker of acute dengue
infection, being positive prior to appearance of IgM antibodies.
However, it was seen also positive in very early seroconverts
where IgM antibody was just in detectable range. Initial high
titre of IgG antibodies overlapping with IgM was also seen
indicating severe form of dengue developed due to sequential
infection by a different serotype. The commonly used anti-
body p-capture EIA is superior to indirect EIA as it removes
competing antibodies in the capture step. RT-PCR showed
a 67.53% and 49.35% sensitivity in acute and late infection
respectively. RT-PCR detected 25 NS1 Ag negative, 39 IgM
negative and 63 IgG negative cases. Similar studies showed
that the RT-PCR was as accurate as 77—100% and is considered
to be the gold standard for the diagnosis of dengue in the first 4
days of illness when the dengue serology is negative.?*3

Immunological testing in dengue

The antibody based tests (IgM and IgG) are not helpful in the
first 5 days and need to be repeated after 5 days. Diagnosis is
achieved by NS1 antigen detection and nucleic acid tech-
nology in the first 5 days. NS1 antigen cannot identify
serotypes.

Nucleic acid technology in the diagnosis of dengue

Nucleic acid technologies corroborate with viraemia detect-
able after 24 h of acute dengue infection. Conventional tech-

America® and New Delhi.**?° niques such as RT-PCR, and nested PCR are sensitive and
L1143
L11434
L11422
AF547229
AY 099340
DEN-3 AB038478
L11432
58 L11440
AY 762085
DEN-4 AY618991
AY 618989
AF289029
AY 152080
] AF298808
AF180817
ABO74761
AF309641 Gl
DEN-1 DENV-1 1AY584591
DENV-1 Il EU846231 Del07
dengue 1 RR 2010
DENV-1 IIlEU626490 GW L-19 1]
DENV-1 Il EU626489
DENV-1 Il EU626491 GW L-14
AF226687
ars13110 Gl
7 M 20558
EAF489932
98 AF100465
oo AF100467
63 AF100464
38 AF469176
o5 AF204178
T AF177541
26 AF359579
0.05

Fig. 4 — Dengue serotypes and genotypes determined by sequencing.


http://dx.doi.org/10.1016/j.mjafi.2012.07.017
http://dx.doi.org/10.1016/j.mjafi.2012.07.017

MEDICAL JOURNAL ARMED FORCES INDIA 69 (2013) 246—253 251

specific, but limited by requirement of infrastructure, cost and
expertise. Fully automated real-time amplification is rapid,
quantitative, more sensitive and specific and easily stan-
dardized but requires precision instruments. Newer
isothermal amplification methods such as NASBA and self-
sustained sequence replication can detect less than 10 copies
within an hour but are compromised in specificity due to low
stringency (40 °C) leading to poor target sequence selection.
Strand displacement amplification largely overcomes these
shortcomings by using four primers but has increased back-
grounds due to digestion, irrelevant DNA contained in the
sample and the necessity to use costly nucleotides as
a substrate. Multiple primers in nested PCR and SDA have
improved amplification specificity for the target sequence.
The inherent need of expertise and expensive instruments
restricts nucleic acid technology to sophisticated labs. RT-
LAMP overcomes these restrictions and is of tremendous
value in timely medical intervention.

RT-LAMP

RT-LAMP is based on the principle of a strand displacement
reaction and stem-loop structure (Fig. 5). In the present study,
the RT-LAMP primers were designed from the distal half of the
3 prime noncoding region, as the proximal half has major
mismatches and missing sequences. RT-LAMP assay primers
are not effective when there are 4—6 mismatches and
homology is less than 90%. Buffer, primers, reverse

transcriptase and DNA polymerase in a single tube were
incubated at 63 °C for 1 h. RT-LAMP has high amplification
efficiency, sensitivity and specificity due to continuous
isothermal amplification employing six primers recognizing
eight distinct target regions.’® The yield of pyrophosphate ion
forms a white precipitate of magnesium pyrophosphate and
enables naked eye visualization of amplified products. The
increased turbidity correlates with the amount of DNA
synthesized and enables automated measurement of
turbidity real-time,>*?®* under SYBR Green UV trans-
illumination. Field visualization techniques such as direct
naked eye visualization and SYBR Green colorimetry under
natural light or hand held UV torch enable applicability in
low resource setups. Colour change is permanent and can be
kept as a record (Fig. 6). Further, the entire reaction is carried
out within an hour at a fraction of the cost involved, making
it faster and cheaper than conventional nucleic acid
techniques.

In our study, RT-LAMP detected dengue in 83 samples as
against RT-PCR which detected in 77 samples. The fact that all
samples positive by RT-PCR were also positive for RT-LAMP
and six samples undetected by RT-PCR were detected by RT-
LAMP, establishes the superiority of RT-LAMP against RT-
PCR. RT-LAMP scored over RT-PCR in terms of sensitivity
and specificity by its ability to detect dengue infection in both
early and intermediary stages when NS1 antigen titres are not
in the detectable range and the IgM antibody titres have just
started to rise.

Principles of LAMP
X F3c¢c F2¢Flc Target DNA Bl B2 B3 _. F1 Blec B2¢ B3¢
i._— © e = :, (6) F2 G-‘:l el 3
- - - oy - -
F3 F2 FI ~ BlcB2eB3c Flc 32 o 5> B (ELPImer]
“j:‘L
o~ - F3c F2¢cFlc¢ B1 B2 B3 .
3’ e—— 5
S‘Gy TN g 5,Flc F2 Fl , IBlt: BZcBSc_ -
Fle olymerase (7) e —l'- —_-.- T
with strand displacement activity . F1 F2cFle Bl B2 B‘D
F3c¢c F2¢F1 Bl B2 B3 AL Bl
3¢ F2¢Fle 3 .
() 3’ e—— . _; ®) F2¢ ‘Vl’i. 5 DBZ
5;_4|ch F1 BlcB2cB3c F1° Ble
F3¢ F2cFlc Bl B2 B3

3) 3’ —— ——_:: 5
STrimer] e 3
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Flec F2 F1 Ble B2¢ B3c

Fig. 5 — Principle of RT-LAMP.
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Naked Eye Visualization

g >
A
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Fig. 6 — Naked eye visualization of amplification products (can be kept as records).

RT-LAMP scores over conventional and newer amplifica-
tion techniques as it is highly sensitive, specific, relatively
simple and low on infrastructure requirement. Our experience
with RT-LAMP emphasized its utility as a rapid, simple, easy,
cost effective, single tube, isothermal, highly sensitive and
specific field applicable technique for qualitative and quanti-
tative detection of dengue virus serotypes which doesn’t have
the deficiencies present in existing techniques. Its applica-
bility in tertiary care institutes is emphasized by its ability in
viral quantification and evaluation of viraemia in patients. It
can suitably be introduced in zonal/peripheral hospitals as an
adjunct to existing immunological tests acting as parallel
controls. RT-LAMP as the new gold standard for dengue
diagnosis may be the panacea of future.

Conclusion

The 2009—-2011 dengue epidemic in Delhi and adjoining areas
was caused predominantly due to DEN-1 genotype III with
some cases of DEN-3 genotype III. NS1 antigen, RT-PCR and
RT-LAMP are reliable and sensitive tests for detection during
1-3 days of dengue infection. p-Capture IgM EIA is reliable and
specific test after 5—7 days of initial infection. Deranged hae-
matocrit and liver function tests are indicators of the severity
of the disease. RT-LAMP is rapid, cost effective, highly sensi-
tive and specific qualitative and quantitative technique which
can detect dengue infection in both early and intermediary
stages when NS1 antigen titres are not in the detectable range
and the IgM antibody titres have just started to rise. Its
amenability for automation and promising utility in low
resource healthcare setups and field conditions raise it as the
new gold standard for dengue diagnosis.
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