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ABSTRACT

Dengue, though a disease of tropics, is a worldwide threat.
Dengue fever is caused by the dengue virus which belongs
to flaviviridae family and affects about 390 million people
worldwide. In the era of the COVID-19 pandemic,
substantial public health effort has been diverted to contain
the pandemic, and the second wave of COVID-19 in India
severely affected the available infrastructure for the
management of other entities. The year 2020 saw a
reduction in the number of reported dengue cases across
India that could be attributed to factors such as resource
constraints during the pandemic and under diagnosis
coupled with under reporting due to overlapping clinical
features. The presence of dengue and COVID-19 co-infection
can worsen the prognosis and it is important to raise
awareness, especially among the primary health care
physicians, who are often the first point of contact in the
community. Various biomarkers that predict the severity of
dengue and the dengue vaccines currently licensed and in

development are discussed in this review.
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INTRODUCTION

Dengue fever (DF) is a viral illness affecting about 390 million people worldwide [1]. The
disease is endemic in tropical countries but is a threat worldwide. Dengue fever is caused by
the dengue virus which belongs to flaviviridae family [2]. It is transmitted by the bite of
mosquito belonging to genus Aedes, most commonly by anthropophilic A. aegypti and by A.
albopictus with certain other species such as A. polynesiensis, A. scutellaris and A. niveus
capable of transmitting the virus to humans [3]. Other modes of transmission through blood
transfusion, organ transplant and vertical transmission [4] have also been recognized over the
years. Disease manifestations vary from simple dengue illness to severe dengue where
patients have bleeding tendencies and some may even present with expanded dengue

syndrome unusually manifesting as involvement of heart, kidney and brain.

The mortality rate ranges from 0.3% to 1.4% (Figure 1). Morbidity rate in the patients is
considerably high. There is no specific antiviral drug available and the treatment is supportive
and symptomatic. Vaccines are yet in preliminary phase with a single licensed vaccine
available as of 2021, i.e. CYD-TDV [5]. As significant population gets involved during
seasonal epidemic phase every year in many endemic countries, significant resources are
needed for diagnosis, treatment and control of the infection. Lots of research is going on in
these areas and many recent developments have occurred in our understanding of the disease
as well as its prevention and control. Dengue is a huge economic burden for the countries

involved during its outbreak and for the world otherwise [6].

Figure 1: Line diagram showing dengue cases and death (%) in India
from 2010-22
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Figure 1: Line diagram showing dengue cases and death (%) in India from 2010-22.
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Dengue virus is a positive sense, single stranded RNA virus and has four antigenically
different serotypes Dengue 1-4. Recently, a fifth serotype has also been recognized [7].
Although it is yet to be established in routine, its presence can further jeopardize an already
difficult situation. The infection with one serotype does not protect against other serotypes,
rather the disease process is severer due to the phenomenon of Antibody Dependent
Enhancement (ADE) [8]. World Health Organization (WHO) has given the criteria for
classification of patients as a) dengue without warning signs b) dengue with warning signs
and c) severe dengue [9].Virus, vector and host factors, all three play an important in

determining the pathogenesis, severity and progression of disease in an individual.

In the era of the COVID-19 pandemic, substantial public health effort has been diverted to
contain the pandemic, and the second wave of COVID-19 in India severely affected the
available infrastructure for the management of other entities. The year 2020 saw a reduction
in the number of reported dengue cases across India that could be attributed to the above
mentioned factors (resource constraints during the pandemic) and under diagnosis coupled
with under reporting due to overlapping clinical features [10]. Additionally, there have been
reports of co-infection of dengue and COVID-19 [11]. Such cases of co-infection could have
a potential adverse outcome although such data is limited at this stage [12]. Identifying such
co-infections require high index of suspicion and moreover, it is difficult to distinguish the
two because of overlapping clinical presentations. Nevertheless, diagnosis of dengue
becomes more important during COVID-19 outbreak since some of the treatment options
used for the management of COVID-19 (e.g. low molecular weight heparin) can increase the
risk of complications in dengue, such as bleeding risk in the presence of thrombocytopenia
[12].

Considering the above factors, it could be beneficial to sensitize and raise awareness among
the primary health care physicians, who serve the majority population and are often the first
point of contact for most patients [13]. Besides having a high index of suspicion, optimum
utilization of the diagnostic laboratory can help identify cases of dengue and co-infections.
There is an urgent need to develop biomarkers which can safely predict the individuals likely
to proceed to severe dengue [14]. We did a literature search to discuss new literature in
biomarkers and vaccine development since there is an urgent need for prophylactic measures,

with vaccine being an important aspect.
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Biomarkers for Dengue

An ideal biomarker should help us in identifying individuals who are at risk of developing
severe dengue. Traditionally, platelet count had been a biomarker with thrombocytopenia as
potential marker for progression of disease. For practical purposes, a platelet count of 60,000
cells/c.mm serves as a better cut-off in identifying more severe cases [15]. Thrombocytopenia
within the first four days of illness has been identified as a risk factor for progressing to
severe disease [16]. In a resource constraint, developing country like India with a huge
population at risk of dengue, it is important to consider other causes of febrile
thrombocytopenia especially in view of the use of immunochromatography (ICT) based card
tests in smaller labs that can give false positive results owing to their lower specificity [17].
This can lead to misdiagnosis of the patient [18, 19]. Antiplatelet IgM antibodies have been
found to be increased in patients of severe dengue [20]. Thrombopoietin is a cytokine which
regulates megakaryocytopoiesis and gets activated when platelet count is decreased to
regenerate the platelets. Serum TPO levels are thus a marker in dengue for
megakaryocytopoiesis and its levels are inversely proportional to the platelet count and so,

denotes dengue severity [21].

Since severity of the disease is related to ADE, it is augmented inflammatory response and
cytokine storm which proceeds severe dengue [22, 23]. Immunopathology can be considered
the basis and so many host immune response components including cells, cytokines
complements and other cellular mediators can be chosen to serve as biomarkers of severe
disease. Increased levels of IFN-y, TNF-q, IL-1p, IL-4, IL-6, IL-7, IL-8, IL- 10, IL-13, IL-15,
IL-17, IL-18, macrophage migration inhibitory factor (MIF) and chemokines CCL2, CCLA4,
CCL5, and CXCL10 (IP-10) have been seen in patients with Dengue Hemorrhagic Fever
(DHF) [24-27]. In dengue patients, activation of mast cells leads occurs which leads to
substantial increase in plasma levels of chymase and tryptase [28]. Mast cell activation also
leads to increased levels of urinary histamine and the levels have been found to correlate with

disease severity. It further has an advantage of ease of obtaining the sample, urine [29].

Total and dengue-specific IgE antibody levels have been found to be higher in patients with
severe dengue in comparison to DF [30]. Also, the anti-endothelial antibodies are elevated
which might be used as biomarkers of severe dengue disease. Other endothelial marker could
be angiopoietin-2, whose serum levels are normally less than angiopoietin-1 (Ang-1) but
exceeds Ang-1 during severe dengue manifestations [31]. Soluble factors are more stable. A
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number of soluble factors are raised during severe dengue namely sTNFRII, sCD4, sCD8,
sCD163, sCD 25 and sIL-2R [32]. Out of these, sSCD163 present on macrophages efficiently
differentiates between severe dengue and only dengue fever [33]. Serum Nitric oxide (NO)
levels in DHF patients have been shown to be significantly lower than those of the DF
patients. Liver involvement associated with severe dengue disease results in increase in
serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl
transpeptidase, alkaline phosphatase, and serum albumin concentrations. However, liver
enzyme levels tend to peak late in the disease course (typically during the second week)

which limits their usefulness as prognostic markers [34].

In children, there is no correlation between platelet count and bleeding manifestations.
Therefore, other markers are being explored and exploited. Hyperferritinemia in children is
associated with severe disease and is, thus, currently used as a marker of severity
[35].Children with acute dengue infection have elevated VWF, higher in Dengue Shock
Syndrome (DSS) patients [36]. Serum level of sTM is proposed as diagnostic and prognostic
marker of endothelial activation and dysfunction with others being sSICAM and sVCAM-1.
Levels of total plasma cholesterol, High-Density Lipoprotein (HDL) and Low Density
Lipoprotein (LDL) have also been found to be significantly decreased in children with the
severe dengue especially when severity is very high [37]. The Inter-a Inhibitor Proteins (Ialp)
belong to a family of serine protease inhibitors and its concentrations in pediatric patients
suffering from severe DENV infection were significantly lower than in patients with mild DF

and healthy controls [38].

Other than these, if facilities are available, many genes loci can be analyzed namely
LOC286087,SLC4A4, PSPH, MYOM2, CACNA2D3, CD244 molecule and SMADS5 which
may possibly predict severe dengue since their expression profile vary significantly as disease
progresses [39].A recent study established vitronectin (Vtn, 55.1 kDa), hemopexin (Hx, 52.4
kDa), and serotransferrin (Tf, 79.2 kDa) as markers which best differentiated between dengue
and severe dengue [40]. Similarly dysregulated MiRNA profiles has been identified as
potential markers for dengue [41]. Another study has predicted that galectin-9 and galectin-

3BP might be critical inflammatory mediators in acute dengue virus infection [42].
Dengue serotypes and genotypes

Dengue serotypes and genotypes have to be taken into consideration to understand the

various aspects associated with dengue vaccine development. Dengue has four serotypes with
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another serotype been recently discovered. Dengue viruses depend upon viral RNA
dependent RNA polymerase for their replication. This enzyme lacks proof reading capability
resulting in very high substitution rates. These led to accumulation of intra serotypic genetic
variations forming distinct genotypes among serotypes. Although the whole viral genome is
liable to genetic diversity, it is the envelope gene which is the most important. Envelope gene
encodes for the envelope protein which is responsible for virus attachment and its entry into
host cell and membrane fusion. Envelope protein is main protein involved in formation of

neutralizing antibodies and eliciting an immunological response.

DENV 1 has five genotypes (I to V) identified presently with DENV2 having 6 genotypes
(Asian genotype 1, Asian genotype 2, Asian/American, American, Sylvatic and
Cosmopolitan) and DENV3 and DENV4 with four genotypes each (I to 1V) [43].Most of the
genotypes are based on E gene (envelope gene) sequencing of these serotypes. All these
serotypes and genotypes are distributed worldwide in specific regions. In America, it is
DENV 1 genotype V, DENV 2 genotypes native American and Asian American along with
DENV 3 genotype Ill. DENV 3 genotype | was recently found in Brazil, Colombia and
Ecuador. In Africa, DENV 1 genotype I, DENV 2 genotype cosmopolitan, DENV 3 genotype
II.

Mostly these genotypes are stable but for South East Asia where increased global travel,
commercialism and tourism has led to ever changing epidemiology. In India and its
neighboring countries, it is DENV 1 genotype I, Il, DENV 2 genotype Asian I,
cosmopolitan, DENV 3 genotype I, 11, Ill and DENV 4 genotype |, 11l [44]. In other regions
of South East Asia, it is DENV 1 genotype I, IV, DENV 2 genotype cosmopolitan, DENV 3
genotype 1, 1ll and DENV 4 genotype | and Il. However, it is worth mentioning that no
country is exempt from imported cases and so, new genetic establishments can occur. Also,
DENV 1 genotype Ill represents proposed Malaysian sylvatic 1972 (Monkey) and 2005
(human) strains [45]. Another recent study has proposed DENV 1 genotype VI which
includes DENV 1 Brunei 2014 strain which is a highly divergent genotype from the ones

previously known [46].

Further, these genotypes have many lineages within themselves [47]. This intra serotype
genetic diversity is detrimental for preventive measures especially vaccine development.
Moreover, severity rate of the disease has also been found to be varied depending upon the
serotype involved in the disease.
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Dengue vaccines
Challenges in development

It has been more than a century since the research in the field of vaccine production for
dengue was started way back in 1920 [48]. With no animal models available and
complexities such as ADE and four dengue serotypes jeopardizing the situation, the path for
dengue vaccine development has been very challenging. For a successful vaccine to be
produced, a robust immune response against all serotypes should be generated following
vaccination [49]. Further, the monotypic immune response thus generated against each
serotype needs to be strong enough to exert a protective response. This has been difficult to
achieve during the vaccine development. Many vaccines types including DNA vaccines,
inactivated/ killed vaccines and live attenuated vaccines were in development. However, only
live, attenuated vaccines could proceed to phase Il trials [49]. The other challenge with
dengue vaccine is the exhibition of ADE following immunization that leads to severe dengue

following natural infection in vaccinated individuals.
The licensed vaccine: CYD-TDV

As of 2021, only one licensed vaccine, i.e. CYD-TDV, marketed as Dengvaxia (Sanofi,
Pasteur, France) is available for use in 20 countries till date [50]. It is a live attenuated
vaccine against all four serotypes of dengue. This is a recombinant vaccine which was
registered in December, 2015 in Mexico [51]. It is a chimeric vaccine and has 17D yellow
fever vaccine virus as a backbone with envelope and pre-membrane proteins from each of the
four wild dengue viruses. This candidate vaccine (CYD-TDV) cleared phase I11 trials which
included more than 30,000 participants aged 2 to 16 years. The vaccine efficacy was 59.2%
against confirmed dengue following the primary series vaccination schedule of 0/6/12
months. The vaccine efficacy varied with strains, with higher efficacy of 75% & 77%
exhibited against serotype 3 and 4respectively whereas efficacy of 51% and 34.0% was
shown against serotype 1 and 2 respectively [52]. It has been licensed to be given in age

group 9-45 years.

Vaccination campaigns were undertaken by some countries such as the Philippines and Brazil
but the campaign was stopped by Philippines following warning by the manufacturer in 2017
that the vaccine should not be given to seronegative individuals owing to risk of development
of severe dengue following natural infection subsequently [53]. This occurred due to
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development of ADE as a result of generation of antibodies that were serotype cross reactive

instead of being type specific neutralizing antibodies [5].

Taking view of above results, WHO in December 2017 recommended that countries with
high dengue seroprevalence should include vaccination as part of their dengue control
program with vaccinating only dengue-seropositive persons. The US FDA licensed the use of
this vaccine in people with previous laboratory confirmed dengue, aged 9-16 years in areas
with high dengue prevalence [54]. However, it is pertinent to note that there is no point of
care test for detecting dengue serostatus [53].The vaccine has been far from perfect but it has
role in severe dengue and decreases hospital admissions significantly [55].

Newer second generation vaccines

Two other promising candidates which are in phase 3 trials are TAK-003 or DENVax
(Inviragen/Takeda) and TV003/TV005. TAK-003 is a whole, live attenuated serotype 2 in
primary dog kidney cell lines forming a backbone with chimeric serotype 1, 3 and 4 replacing
the pre-membrane (prM) and envelope (E) proteins [56]. The TV003/TV005 is live
attenuated, tetravalent vaccine of wild-type dengue strains with genetic deletions. Both these
candidates have been developed by National Institute of Allergy and Infectious Diseases
(NIAID) and National Institutes of Health (NIH) in partnership with Brazil’s Butantan
institute. Important vaccine trials in phase 2are TDEN-PIV (purified inactivated type) and a
prime boost vaccine PIV+LAV. Vaccines in phase 1 trials include V180 (recombinant
subunit type), TVDV (DNA vaccine) and DIME100 (DNA) [57]. Recently, KD-382 and
Dengusiil have entered phase 1 trials. The list of vaccine candidates in different phases of

clinical trials are enumerated in table 1 [58].
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Table 1: Dengue vaccines in clinical development phase

Name of vaccine | Sponsor Type of vaccine Dosage
Licensed vaccine(s)
Sanofi Pasteur | Recombinant live attenuated 3 doses given at
CYD-TDV ) ]
Institute vaccine 0, 6, 12 months
Phase 3
Recombinant live attenuated 2 doses
TAK-003 (TDV) | Takeda )
vaccine (3 months apart)
TV003/TV005 NIAID, NIH Recombinant vaccine Single dose
Phase 2
_ ) ) 2 doses
TDENV-PIV GSK, WRAIR Inactivated virus vaccine
(1 month apart)
Prime boost: inactivated vaccine
PIV and LAV ) ) 2 doses
USAMRMC (PIV) + live attenuated vaccine
F17 _ (1 month apart)
(LAV) formulation 17
Phase 1
) ) ) 3 doses given at
V180 Merck Recombinant subunit vaccine
0, 1, 2 months
) 3 doses given at
TVDV USAMRMC DNA vaccine
0, 1, 3 months
KD-382 KM Biologics Live attenuated vaccine Single dose
Dengusiil Sll India Live attenuated vaccine Single dose

Future vaccines in pre-clinical development

The recent spread of COVID-19 pandemic across the globe saw the development of mMRNA

vaccines to fight the pandemic on global levels [59]. Earliest mRNA vaccines were studied
against Tick-Borne Encephalitis Virus (TBEV) in 1990s [60]. These mRNA vaccines

GeneGun of gold particles coated with RNA [61]. Similarly, mRNA vaccines are being

evaluated for dengue virus as well and three vaccine constructs have thus far been

documented [62-64]. These vaccines utilizez mRNA-LNP (lipid nanoparticles) design for

mMRNA delivery via the intramuscular route.
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A dengue vaccine DSV4 is being jointly developed by Sun Pharma and the International
Centre for Genetic Engineering and Biotechnology (ICGEB) [65]. The vaccine is based on
the Virus Like Particle (VLP) platform provided by Hepatitis B surface antigen (HBsAg) co-
assembled together with a second protein called DS protein to form a mosaic VLP. The
vaccine demonstrates little ADE potential. Uno et al [66] recently developed a vaccine
construct based on Computationally Optimized Broadly Reactive Antigen (COBRA)
methodology in which the surface of Subvirion Viral Particles (SVPs) expressed COBRA and
wild type E antigens. NIAID is studying the early and late innate immune responses to the
saliva of Aedes aegypti in the human skin and it hopes to use this as the basis of future

vaccine development and research [67].
Future challenges to dengue vaccines

Although vaccine research is need of hour and is progressing worldwide, we should not
forget one important aspect of dengue and that is Sylvatic dengue. The sylvatic dengue
strains have the potential to become reservoir for dengue especially in primates like green
monkeys and baboons. These stains of sylvatic dengue are distinct genetically from human
dengue strains but it has been seen in many experimental assays that sylvatic dengue has a

good potential of transmission and so, chances of becoming a human pathogen [68].
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