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Commentary 

The recent spike in dengue cases in Singapore brought 
to the foreground the need to triage dengue patients and 
stratify them for management by risk of complications. As 
of October 2013, Singapore has seen its highest number 
of dengue cases since 2005.1 However, this epidemic 
had not resulted in a hospital bed shortage crisis that was 
experienced in 2005, where non-urgent medical/surgical 
procedures were postponed due to over-hospitalisation of 
dengue patients. The 2005 episode had served as a catalyst to 
re-examine and develop new clinical decision algorithms2,3 

for hospitalisation of dengue patients. This has resulted in 
better use of hospital beds although the few fatal cases still 
argue for better tools to differentiate dengue patients that 
are more likely to develop severe disease from those with 
uncomplicated acute illness. 

Dengue is caused by dengue virus of the Flaviviridae 
family. Without either a licensed vaccine or antiviral drug, 
dengue continues to infl ict a substantial proportion of the 
population.4 Severity of dengue infections is correlated 
with the level of viremia5 and viruses are typically cleared 
by the onset of defervescence. However, it is at the 
point of defervescence that pathology underlying severe 
dengue, such as increased vascular permeability develops. 
This suggests that host responses are intricately tied to 
pathogenesis of severe dengue. Consequently, identifying 
the host responses that strongly correlate with onset of 
severe dengue could both improve our understanding of 
dengue pathogenesis and serve as biomarkers to screen for 
patients at risk of severe dengue. 

Advances in technology, notably progress in omics 
sciences offer opportunities to study how diseases are 
brought about from a global molecular perspective. In a 
much shorter time, hundreds to thousands of genes, proteins 
and metabolites can be simultaneously studied and mined 
for information. Because of the global, systematic structure 
in omics technologies, all molecules are treated equally 

without prescription to bias. This means that any prominent 
molecules that stand out are discovered objectively and 
more likely to be bona fi de fi ndings critical to the disease. 
Using mass spectrometry- and immunologically-based 
omics, we have begun to comprehensively profi le cytokines, 
chemokines, RNA modifi cations, proteomes, lipidomes 
and metabolomes in dengue infected patients to uncover 
predictive soluble biomarkers.6-8 Using a prospective 
study,9,10 a set of serum biomarkers that potentially correlated 
with early host responses to dengue infections were revealed. 
However, we have only begun to scratch the surface. While 
these candidate biomarkers show promise, their translation 
into prognostic markers may not be as straightforward as 
originally thought. This is partly because dengue is caused 
by 4 different albeit related viruses. Although they are often 
thought of as antigenically distinct strains of one species, 
their in vitro phenotype and on several occasions, the disease 
outcome associated with infection appear to be signifi cantly 
different. Phylogenetically, the genetic distance between the 
4 “serotypes” is similar to the distance between Japanese 
encephalitis and West Nile viruses, which are distinct 
species within the Flavivirus genus.11 Consequently, the 
pathogenic processes and hence the biomarker profi les 
identifi ed through the study of infection of 1 or 2 dengue 
viruses may not be applicable across all 4 dengue viruses. 
Rather, we suspect the biomarker profi le may be distinct 
for each of the 4 dengue viruses.

Besides viral differences, severe dengue also manifests as 
different clinical syndromes. The most common of which 
is vascular leakage of plasma that leads to hypovolemic 
shock. Other forms of complications arising from dengue 
include internal haemorrhage as well as severe organ 
dysfunction or even failure, both of which may arise 
without concurrent vascular leakage. The biomarker profi le 
related to each of these outcomes could also be different, 
given that the disease manifestation is sometimes mutually 
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exclusive. Studies on dengue must thus rely on carefully 
annotated clinical presentation, course and outcome of 
illness. Given that an average dengue patient is seen by the 
general practitioner, hospital-based physician in emergency, 
internal medicine or infectious disease departments and 
the confi rmatory diagnosis relies on positive fi ndings 
on appropriate laboratory tests, systematic annotation of 
dengue cases is practically challenging. Solving this at the 
national level by integrating data collection from different 
branches of the healthcare ecosystem could accelerate the 
discovery and translation of biomarkers for patient triaging 
and management.

Besides triaging patients for management, the availability 
of prognostic biomarkers could also be advantageous for 
clinical trials of anti-dengue drug candidates, several of 
which are currently under development.12,13 Biomarkers 
could aid the translation of a much needed therapeutic in 
several ways:

• While drugs are often developed to benefi t all patients 
with a particular disease, in reality, the benefi t is 
often more spectacular in a subset of patients.14 
Invariably, patient selection (or non-selection) is one 
of the biggest issues in clinical trials and selecting 
the ‘right’ patient will accelerate drug development. 

• An example of successful personalised medicine 
uncovered through biomarker-driven drug trials is 
Gefi tinib (Iressa), an epidermal growth factor receptor 
(EGFR) inhibitor. In initial broad eligibility trials 
Gefi tinib failed to show effi cacy, but when patients 
were enrolled based on EGFR mutations, they were 
highly sensitive to Gefi tnib.15,16 Another example 
is the development of Trastuzumab (Herceptin) to 
target 30% of women with breast cancer tumors that 
overexpresses Her-2.17 

• The use of predictive, pre-screening biomarkers 
should be incorporated as early as possible to enrich 
for a subset of patients most sensitive to the effects of a 
drug. Using a biomarker-driven paradigm, in patients 
with severe dengue without vascular leakage18,19 
molecular biomarkers may uncover patient subsets 
obscured by broad symptomatic grouping. While the 
use of biomarkers in personalised drug development 
in infectious diseases is not widely reported, we 
anticipate such patient targeting trial to ensue in the 
near future.

Molecular biomarkers could also act in reverse by 
elucidating the proof of mechanism of underlying 
pathological mechanisms which in turn generates novel 
drug targets. Using work by Cocchi et al20 as an illustration, 
they showed that the production of specifi c chemokines, 
RANTES, MIP-1α and MIP-1β by T lymphocytes suppresses 

the release of HIV suppressive factors.20 Subsequent studies 
revealed mutations in CCR5 chemokine receptor gene, the 
gene that encodes for the receptor for RANTES, MIP-1α 
and MIP-1β, that provide HIV resistance in individuals21 and 
based on this proof of mechanism led to the development 
of Maraviroc (Selzentry).22 In a similar fashion, candidate 
predictive biomarkers6,7 can be validated in independent 
patient cohorts to test for consistency and also show proof 
of mechanism and implemented to monitor drug effi cacy in 
trials such as Celgosivir, an antiviral, α-glucosidase I and II 
inhibitor currently in Phases I and II trials (NCT01619969) 
for treating dengue fever. 

Predictive biomarkers may serve well to bridge 
translational and clinical sciences to bring success to 
triaging dengue patients and anti-viral dengue clinical 
trials. Subtyping patients and their responses may commit 
toward strengthening prognosis and better management 
of patients displaying varying degrees of disease severity 
and symptoms. Likewise, biomarkers may build toward 
stratifi ed dose-regimes or treatment types and reduce the 
number of enrolled volunteers and patients in anti-viral trials. 
Biomarker and hypothesis-driven trials may be a rational 
strategy forward to accelerate dengue drug development 
to ultimately benefi t patients.
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