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Rapid Diagnosis of Dengue Outbreaks in Resource Limited Facilities
ID Khan!, AK Sahni?

ABSTRACT

Objective: Dengue is a re-emerging public health problem threatening the tropical developing world,
mandating rapid diagnosis and supportive management in the absence of licensed vaccines or anti-dengue
therapy. Regions endemic to dengue and related viruses are overwhelmed by the sudden surge of cases
during outbreaks. It is difficult to justify confirmatory diagnosis of every case using The World Health
Organization (WHO) criteria or differentiate it from other concurrent viral illnesses. The study evaluated
a rapid, sensitive and specific diagnostic methodology suitable for dengue outbreaks in resource-limited
facilities.

Methods: There were one hundred dengue patients as per WHO Criteria, as well as 100 healthy controls
from New Delhi, India, were included. Samples collected on the fifth day of onset of fever were tested by
lateral flow immunochromatography (LF-ICT), IgM ELISA and reverse transcriptase polymerase chain
reaction (RT-PCR) and results were compared. Diagnostic accuracy indices and Kappa analysis were
calculated.

Results: The sensitivity, specificity, positive and negative predictive values (PPV and NPV) of non-struc-
tural protein 1 (NS1) against RT-PCR was 98.31%, 100%, 100%, 99.3% and strength of agreement was
good.

Conclusion: Antigen-based and molecular tests are a better tool for early diagnosis of dengue. The com-
bined LF-ICT kits are highly sensitive, specific, user-friendly, compact, frugal and thus recommended for
use in dengue outbreaks, field conditions and as bed-side diagnostic tests, for confirmatory dengue di-
agnosis. Further studies are required to assess their utility in prognosis, surveillance and establishment
of guidelines for dengue outbreaks.
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Diagnostico Rapido de los Brotes de Dengue en Instalaciones con Recursos Limitados
ID Khan', AK Sahni?

RESUMEN

Objetivo: El dengue es un problema de salud publica re-emergente que amenaza a los paises tropicales
en desarrollo. En ausencia de vacunas con licencia o terapia anti-dengue, se requiere diagnosticos ra-
pidos y tratamientos de apoyo. Las regiones endémicas de dengue y virus relacionados estan abruma-
das por el repentino aumento de casos durante los brotes. Es dificil justificar el diagnostico de
confirmacion de cada caso con criterios de la Organizacion Mundial de la salud (OMS), o diferenciarlo
de otras enfermedades virales concurrentes. El estudio evaluo una metodologia adecuada para el diag-
nostico rapido, sensible y especifico de brotes de dengue en instalaciones con recursos limitados.

Meétodos: El estudio incluyo cien pacientes con dengue segun criterios de la OMS, asi como 100 contro-
les sanos de Nueva Delhi, India. Las muestras recogidas en el quinto dia del inicio de la fiebre fueron exa-
minadas mediante la prueba inmunocromatogrdfica de flujo lateral (PIC-FL), el inmunoensayo ELISA
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IgM, y la técnica de reaccion en cadena de la polimerasa con transcriptasa inversa (RCP-TI), compa-
randose entonces los resultados. Se calcularon los indices de precision diagnostica y el andlisis de Kappa.
Resultados: La sensibilidad, especificidad, y los valores predictivos positivos y negativos (VPP y VPN)
de la proteina no estructural 1 (NS1) frente a RCP-TI fueron 98.31%, 100%, 100%, y 99.3% respectiva-

mente, y la fuerza de concordancia fue perfecta.

Conclusion: Las pruebas moleculares y las pruebas basadas en antigenos constituyen una mejor herra-
mienta para el diagnostico temprano del dengue. Los kits combinados de PIC-FL son altamente sensi-
bles, especificos, faciles de usar, compactos, y frugales, y por ende recomendados para uso en brotes de
dengue, condiciones de campo, y como pruebas de diagnostico a la cabecera del paciente para el diag-
nostico de confirmacion del dengue. Se requieren estudios adicionales para evaluar su utilidad en el pro-
nostico, vigilancia, y establecimiento de normas a seguir ante los brotes de dengue.

Palabras claves: Diagnostico de dengue, inmunocromatografia de flujo lateral, diagnostico rapido, enfermedades tropicales
re-emergentes, reaccion en cadena de la polimerasa con transcriptasa inversa (RCP-TI, instalaciones con

recursos limitados

INTRODUCTION

Dengue is a re-emerging public health problem threatening ap-
proximately half of the world population. Many outbreaks of
dengue involving all four serotypes during the past few
decades have strained the tropical developing nations’ health
system worldwide including Asia-Pacific, Africa, Americas
and Eastern Mediterranean regions (1). Despite control meas-
ures, dengue continues to emerge with increased number of
cases, severity, expansion to rural areas and newer geogra-
phies.

The associated high morbidity poses threat to interna-
tional travellers, military deployments and could be a promis-
ing bio-weapon potential. Serotype specific immunity
conferred with the first infection is not protective against sub-
sequent infections by different serotypes which predispose to
severe dengue due to antibody dependent enhancement (2).
The absence of licensed vaccines or specific anti-dengue ther-
apy necessitates the need of early, sensitive and specific diag-
nosis for patient management, prevention of complications,
actiologic investigation and disease control.

The World Health Organization advocates confirmatory
diagnosis of dengue through [a] viral isolation or [b] im-
munoglobulin M/immunoglobulin G (IgM/IgG) seroconver-
sion or [c] four-fold rising titres of [gM/IgG/dengue antigen in
paired sera or [d] dengue antigen detection through enzyme
linked immunosorbent assay [ELISA] or [e] immunochemistry
or [f] immunofluorescence or [g] nucleic acid amplification
which are exacting in time, effort and expense (3). Resource
limited facilities in regions endemic to dengue and other re-
lated viruses are often overwhelmed by the sudden surge of
cases during outbreaks and find it difficult to justify diagnosis
of every dengue case using the WHO criteria or be able to dif-
ferentiate it from other concurrent viral illnesses. Most re-
source limited facilities tend to diagnose and treat dengue
based on similar clinical presentation during outbreaks. Re-
lated mosquito transmitted co-endemic viral illnesses such as:
Japanese encephalitis, west nile fever, yellow fever, chikun-
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gunya fever may create considerable interference with the di-
agnosis of dengue. Reverse-transcriptase polymerase chain re-
action (RT-PCR), virus isolation, IgM/IgG ELISA and other
serological tests have been used; however, the quest for the
gold standard continues (4). Non-structural protein 1/im-
munoglobulin M/immunoglobulin G and also the use of lat-
eral flow immunochromatography (LF-ICT) kits have
exhibited high sensitivity and specificity (5) and this study in-
tends to evaluate their utility in resource limited facilities.

SUBJECTS AND METHODS

The study included 100 randomized patients experiencing a
febrile illness clinically consistent with dengue infection and
positive dengue serology or RT-PCR according to the WHO
criteria for dengue, as well as 100 randomly selected asymp-
tomatic healthy controls of all age groups between, May 2013
to December 2014. It spanned the post-monsoon season for
two consecutive years covering many outbreaks from New
Delhi and adjoining areas in India, after approval from the hos-
pital Ethical Committee. The controls were matched for age
and gender and selected amongst the attendants of patients.
Samples were collected on the fifth day of onset of fever from
patients and simultaneously from relatives. Samples were
transported to a large tertiary care hospital laboratory within
four hours of collection for separation of serum and immedi-
ate processing or storage at -70 ‘C until processed. Three ex-
perienced technicians blinded to detailed clinical information
about the study groups and other test results, independently
performed and assessed the tests, which were further assessed
by the principal investigator. All samples were tested by lateral
flow immunochromatography (LF-ICT), IgM ELISA and RT-
PCR and results were compared. Samples were subjected to
LF-ICT for detection of NS1 antigen, IgM and IgG antibodies
(SD BIOLINE Dengue Duo NS1 Ag + Ab Combo, Standard
Diagnostic Inc., Korea) as per manufacturer’s protocol. Im-
munoglobulin M was also detected by IgM capture ELISA Kit
from the National Institute of Virology (NIV), Pune, India,
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wherein 100 pl of 1:100 dilution of serum and biotinylated fla-
vivirus cross-reactive monoclonal antibody were used under
routine ELISA procedure as per manufacturer’s protocol. Im-
munoglobulin M values > 1.1 NIV units were considered pos-
itive.

Reverse-transcriptase polymerase chain reaction was
preceded by RNA extraction using the QIAamp viral RNA mini
kit (Qiagen, Germany) following manufacturer’s protocol. For
RT-PCR, cDNA was synthesized from viral RNA using reverse
antisense primer [5’ TTG-CAC-CAA-CAG-TAC-ATG-TCT-
TCA-GGT-TC 3’, primer length 29 mer] targeting the prM
gene, reverse transcriptase of Moloney murine leukaemia virus
origin (MMLV-RT) and RNasin® Ribonuclease inhibitor
(Promega, USA) following manufacturer’s protocol. Reverse-
transcriptase polymerase chain reaction was carried out using
the cDNA as template, forward sense primer [5° TCA-ATA-
TGC-TGA-AAC-GCG-CGA-GAA-ACG-G 3’, primer length
28 mer] targeting the capsid gene and thermostable Taqg DNA
polymerase [Promega, USA] loaded to the thermal cycler [Bio-
Rad, USA] (Table 1).

One cycle of initial denaturation was done at 95 “C for
two minutes followed by 35 cycles of denaturation, primer an-
nealing and primer extension at 94 °C for one minute, 55 °C for
one minute and 72 °C for two minutes, respectively. Final ex-
tension was done at 72 °C for 10 minutes. RT-PCR amplicon
was detected by 1-2% agarose gel electrophoresis followed by
visualization in a Gel Documentation System [Bio-Rad, USA]
(6). The reference strains were used as positive controls and
DEPC treated water as negative control. Percentages, 95%
confidence interval (CI) and Chi-square with p < 0.05 were
used to indicate significance. Diagnostic accuracy indices such
as sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were calculated with various
pairs of tests. Inter-operator variability was analysed using
Kappa statistical analysis which included Cohen’s un-weighted
Kappa, Kappa with linear weighting, Kappa with quadratic
weighting; standard error, 95% CI and frequencies and pro-
portion of agreement. Values < 0 indicated no agreement, 0—
0.20 as slight, 0.21-0.40 as fair, 0.41-0.60 as moderate,
0.61-0.80 as substantial and 0.81—1 as almost perfect agree-
ment (7).

RESULTS

The age range of dengue patients was from § to 75 years, mean
33.13 = 14.85 and the male: female ratio was 1.7:1. Both age
(Chi-square, p = 0.417) and gender (p = 0.615) were not sig-
nificant. Out of a total of 100 patients experiencing a febrile
illness clinically consistent with dengue infection, 58 serum
samples were positive for NS1 antigen, 42 for IgM and 18 for
IgG by LF-ICT (Table 2).

Table 2:  Results of various diagnostic modalities

Test Positive (%) 95% Confidence
interval
100 dengue patients

NS1 antigen by LF-ICT 58 (58%) 48.33%-67.67%
IgM by LF-ICT/ELISA 42 (42%) 32.33%-51.67%
IgG by LF-ICT 18 (18%) 10.47%-25.53%
RT-PCR 65 (65%) 55.65%-74.35%
IgM and IgG 18 (18%) 10.47%-25.53%
RT-PCR and NS1 58 (58%) 48.33%—67.67%
RT-PCR and IgM 7 (7%) 2%-2%
RT-PCR and IgG 3 (3%) -0.34%-6.34%

100 dengue controls — No tests were positive

NS1: non-structural protein 1; LF-ICT: lateral flow immunochromatography;
ELISA: enzyme linked immunosorbent assay; RT-PCR: reverse-transcriptase
polymerase chain reaction; IgM: Immunoglobulin M; IgG: Immunoglobulin
G

All IgM positive results by LF-ICT correlated with [gM
capture ELISA. Reverse-transcriptase polymerase chain reac-
tion revealed 65 positive samples (Fig. 1).
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Figure: Reverse transcriptase polymerase chain reaction for dengue.

Table 1:  Dengue primer sequences

Primer DC-1S DC-2C

Direction Sense Antisense

Nucleotide Sequence ~ TTG-CAC-CAA-CAG-TAC- TTG-CAC-CAA-CAG-TAC-
(5’t0 3%) ATG-TCT-TCA-GGT-TC ATG-TCT-TCA-GGT-TC

Primer length (mer) 28
Product (bp)
Annealing Temp (°C)

29
511
54
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Of the 65 samples positive by RI-PCR, 58 also showed
positivity for NS1 antigen, seven also showed positivity for
IgM and three also showed positivity for IgG (Table 3).

The specificity and PPV approaching 100% is ideal;
however this is an observation with a limited sample size, and
is likely to vary in larger studies. Diagnostic case control stud-

Table 3:  Diagnostic accuracy of antigen and antibody based tests for dengue

Antigen/antibody  Sensitivity (%) Specificity (%) PPV NPV Kappa Agreement
score

NSI antigen 98.31% 100% 100% 99.3% 0.99 Perfect

(against RT-PCR) (96.5%—-100.1%) (98.1%-100.5%)

IgM antibody 10.77% 74.07% 16.67% 63.29% Not Not

(against RT-PCR) (6.5%—15.1%) (68%—-80.1%) (11.5%-21.8%)  (56.6%—69.9%) applicable applicable

1gG antiboby 4.62% 88.89% 16.67% 65.93% Not Not

(against RT-PCR) (1.7%—7.5%) (84.5%-93.2%)  (11.5%-21.8%)  (59.4%—72.5%) applicable applicable

PPV: Positive predictive values; NPV: negative predictive values; NS1: non-structural protein 1; IgM: Immunoglobulin M;

1gG: Immunoglobulin G

Reverse-transcriptase polymerase chain reaction and
NS1 test were compared considering RI-PCR as the gold stan-
dard confirmatory test. The sensitivity, specificity, PPV and
NPV of NS1 against RI-PCR was 98.31%, 100%, 100% and
99.3%. Observed kappa was 0.99, standard error 0.01, 95%
CI 0.96, 1 and strength of agreement was perfect. No tests
were positive in the 100 healthy controls.

DISCUSSION

The study was conducted during two outbreaks of dengue
spanning the post-monsoon season of two consecutive years.
Dengue patients were randomly sampled and matched controls
were recruited randomly so as to represent similar population
from which the positive samples were drawn. Samples were
collected on the fifth day of onset of fever, as per history
elicited from patients. The LF-ICT kit detecting (NS1) non-
structural protein 1, IgM and IgG was compared with RT-PCR
and IgM capture ELISA. Non-structural protein 1 is a 55 kDa
highly conserved non-structural glycoprotein secreted by virus
infected cells in early dengue infection. Non-structural glyco-
protein-1 is more sensitive in primary infection early in the
course of the disease, corroborates with high viral load and ex-
hibits limited cross-reactivity (8, 9).

Higher levels of viraemia and elevated free secreted NS1
may identify patients at risk of severe dengue (10). As NS1
corresponds to short lived viraemia of early infection, it may
be used to predict clinical outcome and may be the test of
choice to initiate antiviral therapy, should it become available
in future (9—12). Non-structural protein 1 antigen can be em-
ployed in both LF-ICT and ELISA formats (9). Other than
NS1, NS5 can also be a potential target for early diagnosis of
dengue (13). The high sensitivity of both NS1 and RT-PCR
and a perfect agreement by Kappa emphasizes the correlation
of NS1 positivity with positive results by RT-PCR which cor-
responds to early viraemia (14, 15).

ies face spectrum and limited challenge bias due to limited
sample size as in this study. However, spectrum effects can be
advantageous in the early investigation of a new diagnostic test
(16). The sensitivity and specificity of the NS1 based dengue
tests is reported between 71%—81% and 93%—100%, respec-
tively, and false positives are considered rare, thereby elimi-
nating the requirement of a second sample (8, 9, 12, 14).
However, sensitivity of NS1 decreases when initial viral load
is low or later in the course of the disease when antibody titres
rise and NS1 gets sequestered in immune complexes, and in
secondary dengue infection (8, 9). It has been reported that
NS1 is detectable with low antibody titres (Haemagglutination
Inhibition, HI < 320) while IgM and IgG are detectable with
high antibody titres [HI 640-10240] (17). No overlap between
NS1 and IgM/IgG antibodies was seen, although NS1 and IgM
may be positive with early seroconvert patient where NS1 is
declining and IgM/IgG antibodies have started to rise, some-
times representing inadequacy of the test to differentiate be-
tween early and late infection.

The sensitivity and specificity of the IgM-based dengue
tests is reported between 68%—99% and 46%—98%, respec-
tively, depending upon host humoral immune response (8).
The positivity of IgM and IgG in both early and late infection,
primary and secondary infection, requirement of paired sera
and cross-reactivity with flaviviruses limits their utility as
stand-alone tests for dengue. Samples positive either for IgM
antibodies alone or both IgM and IgG antibodies may form a
complex with viral particles and cause hindrance in viral de-
tection (18). Reverse-transcriptase polymerase chain reaction
is one of the most sensitive and specific markers of dengue vi-
raemia seen in early infection, although it may be positive in
late infection owing to incomplete neutralization of the virus
and persistence of fragmented viral nucleic acid (9). Although
sensitivity is greatly reduced late in the course of infection
when viraemia subsides, antibodies appear and vascular com-
plications are likely to manifest, it is still considered the gold
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standard. However, use is limited by acquisition capacity for
sophisticated equipment, reagents, expertise and standardiza-
tion in resource limited laboratories. Loop assisted isothermal
amplification (LAMP), a rapid, quantitative, highly sensitive
and specific molecular test, is limited by primer designing and
cross-contamination (5, 19-21). More sensitive and real time
assays have the advantages of rapidity, quantitative measure-
ment, lower contamination rate, higher sensitivity, specificity
and easy standardization. These considerations in nucleic acid
amplification techniques have popularized ELISA formats in
limited resource facilities. The results of ELISA correlate well
with other tests, as also evidenced in this study when all IgM
was equally positive by both LF-ICT and ELISA, although
false-positive test may be seen due to persistence of anti-
bodies from a recent previous infection with a different dengue
serotype or a related endemic flavivirus (8).

The LF-ICT contains dried antigens and colloidal gold-
labelled monoclonal antibodies specific for dengue NS1, IgM
and IgG on a nitrocellulose strip which are captured by im-
mobilized anti-human globulins to generate a coloured line.
Immunoglobulin A may also be included. A combined kit con-
taining all of these increases the applicability in both early and
late infections, as well as in secondary dengue infections with
high sensitivity, specificity and a low false-positivity rate (5, 7).
The high sensitivity, specificity, rapidity, stability, repro-
ducibility and convenience of LF-ICT make it a suitable test in
both resource limited and resource rich healthcare facilities. It
is compact, faster to manufacture and has a prolonged shelf
life. It can be carried out as a single bed-side test, in a single
step, requires low sample volume and enables visual interpre-
tation of results. The procedure eliminates washing step, con-
tamination from reuse and sample pre-treatment (22).
Resource limited facilities may have erratic electric and water
supply, limited equipment and storage facilities, procurement
problems and manpower shortages. While these problems need
to be addressed before establishment of sophisticated im-
munology and molecular microbiology laboratories, LF-ICT
can be utilized as a first line test in field conditions even out-
side the laboratory. There is no difference in detection with re-
spect to different dengue serotypes, different viral loads or
different clinical presentation (9). The LF-ICT tests have been
evaluated at airports to screen for imported dengue cases and
also in peripheral/rural areas (23, 24). The applicability of ei-
ther human, vector or environmental samples in the combined
kit enhance its utility as a frugal and robust epidemiological
tool for seroprevalence studies, mass screening programmes
and surveillance of dengue infections (25, 26). However, sen-
sitivity is more for primary than secondary dengue, serotypes
cannot be identified and the results need to be read manually
by the operator. The results are qualitative or semiquantitative
and a negative result with stand-alone NS1, IgM or IgG makes
interpretation difficult and does not rule out dengue infection
(5,9). Further, there may be issues regarding generating a sen-
sitive antibody preparation with good selectivity and covalent
attachment may decrease the affinity for the antigen (22).

Simultaneous targeting of NS1, IgM and IgG enhances
utility over the entire temporal extent of dengue and is also
able to rule out dengue infection (4). Utilising Bayesian latent
class models, wherein no test is assumed perfect, the sensitiv-
ity, specificity, PPV and NPV of combination NS1, IgM and
IgG based tests were found to be 87.0%, 82.8%, 62.0% and
95.2% (4). SD BIOLINE kit, used in the present study, has
been reported with a sensitivity, specificity and assay efficiency
of 83%—100%, 89%-98% and 91% when NS1, IgM and IgG
were simultaneously targeted, giving detection rate compara-
ble to RT-PCR (5, 8, 17, 27, 28). It has been reported to differ-
entiate 71% primary and 83% secondary dengue infections (4,
8, 17, 28). The results of the present study and that of previous
studies correlate well in advocating simultaneous targeting of
NS1, IgM and IgG under LF-ICT format for first line detection
of dengue.

CONCLUSION

The study furthers that antigen-based tests and molecular tests
are a better tools for early diagnosis of dengue. Antibody based
tests are suited for late infection and can be used for sero-
prevalence and epidemiological surveillance due to persistence
of antibodies. The combination of both antigen and antibody
based tests in rapid LF-ICT kits and reference assay formats
may prove superior in better differentiation between early and
late infection; primary and secondary dengue and epidemio-
logical surveillance. The combined rapid LF-ICT kits are
highly sensitive, specific, user-friendly, compact, frugal and
thus, recommended for use in dengue outbreaks, field condi-
tions and as bed-side diagnostic tests. Parallel large multicen-
tric studies and meta-analyses are required to assess the
potential impact of implementing confirmatory laboratory di-
agnosis of dengue through combination LF-ICT incorporating
NSI, IgM and IgG to optimize diagnosis, indicate prognosis,
conduct clinical, laboratory and vector surveillance, assess
cost-effectiveness, help establish standard guidelines for
dengue outbreaks and furtherance of future developments.
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