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Abstract 

Dengue viruses are the most prevalent arthropod-borne viral diseases in humans, infecting 50-100 

million people each year. Its serotypes are the most common causes of arboviral illness, putting 

half of the world's population at risk of infection. Because there is no vaccine or antiviral 

medicines, the only way to manage the disease is to reduce the Aedes mosquito vectors. DENV 

infection can be asymptomatic or cause a self-limiting, acute febrile illness with varying degrees 

of severity. High fever, headache, stomach discomfort, rash, myalgia, and arthralgia are the typical 

symptoms of dengue fever (DF). Thrombocytopenia, vascular leakage, and hypotension are 

symptoms of severe dengue, dengue hemorrhagic fever (DHF), and dengue shock syndrome 

(DSS). Systemic shock characterizes DSS, which can be deadly. Dengue virus infection 

pathogenesis is linked to a complex interaction between virus, host genes, and host immune 

response. Major drivers of disease vulnerability include host factors such as antibody-dependent 

enhancement (ADE), memory cross-reactive T cells, anti-DENV NS1 antibodies, autoimmunity, 

and genetic variables. The NS1 protein and anti-DENV NS1 antibodies were thought to be 

involved in the development of severe dengue. The progressive infection may change the cytokine 

response of cross reactive CD4+ T cells. The need for dengue vaccines that can generate strong 

protective immunity against all four serotypes is required. To create such vaccines, a thorough 

understanding of DENV adaptive immunity is required. Structural and functional research have 

shown that the degree of prM protein cleavage as well as the ensemble of conformational states 

sampled by virions influence DENV sensitivity to antibody-mediated neutralization, which has 

crucial implications for vaccine formulation. 

Keywords: Dengue virus, Vector, Host immune system, antibody dependent enchantment, 

genomic variation. 
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Introduction 

Dengue fever is a viral disease caused by vector borne dengue viruses (DENVs), which are 

divided into four serotypes (DENV 1–4) and are members of the Flaviviridae family, genus 

flavivirus [1]. The World Health Organization (WHO) estimates that around 100 million globally 

individuals are infected each year, with approximately 500,000 people suffering from dengue 

hemorrhagic fever (DHF). DHF can progress to dengue shock syndrome (DSS), which has a 12.5 

percent fatality rate. Although DENV infections might be asymptomatic, the four DENV serotypes 

can cause a wide range of illnesses in humans. The illnesses range in severity from nonspecific 

acute inflammatory sickness to the potentially fatal syndromes DHF/DSS [2]. Classical DF 

manifests itself with a sudden onset of high fever after an incubation period of 3 to 15 days. 

Dehydration during the fever phase can induce neurological abnormalities and febrile seizures in 

young children [3]. Dengue fever is a severe sickness resulting in headache, retro-orbital 

discomfort, myalgia, arthralgia, petechiae rash, and leucopenia characterizes the syndrome, which 

is self-limiting. 3-5 days after the beginning of fever, a maculopapular recovery rash emerges [4]. 

Due to the un survivable symptoms of acute muscle and joint pain lasting 7 days, DF is frequently 

referred to as "break bone fever." Early signs of DF and DHF are similar, but DHF is linked with 

hemorrhagic features, including plasma leakage caused by increased vascular permeability, and 

thrombocytopenia (B100, 000 platelets/mm3). Minor bleeding may occur in moderate infections, 

which can be severe in people with peptic ulcer disease, and thrombocytopenia is not always 

limited to severe dengue [5]. Hemoconcentration, ascites, or pleural effusion are symptoms of 

plasma leakage. The presence of cardiovascular compromise, which occurs when plasma leakage 

into the interstitial spaces resulting in shock, distinguishes DSS from DHF. A quickly increasing 

hematocrit, severe stomach pain, prolonged vomiting, and constricted or nonexistent blood 

pressure are also common clinical warning symptoms for DSS [6]. 

Dengue fever has been reported to be prevalent in over 100 countries like Pakistan, India, 

Indonesia, Nepal,Maldives with about 96 million affected persons exhibiting different degrees of 

severity [7,8]. Dengue fever is a major cause of morbidity and economic burden in many parts of 

the world, particularly Southeast Asia and the Indian subcontinent [9]. Dengue fever is a mosquito- 

borne Flavivirus illness spread by Aedes aegypti, Aedes albopictus, and other Aedes species [7,10]. 

Dengue virus has four antigenically different serotypes, which are DENV-1, DENV-2, DENV-3, 

and DENV-4 [11]. In October 2013, a new serotype (DENV-5) was discovered in Malaysia's 

Sarawak state utilizing isolation and genetic sequence analysis [12]. Dengue virus infection takes 

4–7 days to develop. Dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) are 

among the diseases that can cause symptoms ranging from asymptomatic infection to moderate 

burning sickness [13]. Coagulation problems, plasma leakage, and enhanced vascular fragility are 

also present. Fluid loss caused by enhanced capillary permeability results in hypovolemic shock 

and multi-organ failure. Dengue fever, dengue hemorrhagic fever (DHF), and dengue shock 

syndrome (DSS) were the three classifications used by the WHO until 2008 [15]. The current 

World Health Organization 2009 case categorization system divides symptomatic cases into three 

categories: dengue without warning symptoms, dengue with danger signs, and dengue 

hemorrhagic fever [16, 17]. 
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DENV maturation process 

An enveloped virus with a positive-sense single-stranded RNA genome that encodes a single 

polyprotein that is co- and post-translationally processed by viral and different structural proteins 

capsid (C) protein, host proteases into three precursor membrane (prM) or membrane (M) protein, 

and envelope (E) protein and seven non-structural proteins termed as NS1, NS2A, NS2B, NS3, 

NS4A, NS4B, and NS5. The C protein binds to the viral DNA, producing a nucleocapsid 

enveloped by a host lipid bilayer into which the prM and E proteins are attached in immature 

virions along with the M and E proteins are embedded in mature virions as shown in (Figure 

1). The mature dengue virion's cryo-electron microscopy (cryo-EM) structures revealed a smooth 

surface composed of 180 copies of the M and E proteins, which are linked to the underlying lipid 

bilayer via their transmembrane helices (Figure 1b). The surface proteins and molecules are 

arranged in a pseudo-icosahedral fashion, showing 60 asymmetric units made up of three pairs of 

M and E proteins. An asymmetric unit's three unique E proteins reside in separate chemical 

environments determined by their closeness to the two-, three-, or five-fold corners [18, 19, 20,21]. 

The monomer of E protein is made up of three structural domains (EDI, EDII, and EDIII), each 

with two N-linked glycosylation sites (Asn67 and Asn153) [22], and two among these protomers 

form a head-to-tail homodimer [23, 24, 25]. Three E protein dimers form a bridge by lying parallel 

to each other, and 30 of these rafts are organized in a distinctive ' pattern. Virus adherence to 

myeloid lineage cells is considered to occur via EDIII [26, 27] and the Asn67-linked glycan in 

EDII [28, 29]. 

Endosome acidification causes E protein dimers to dissolve and rearrange into trimers, exposing 

the hydrophobic fusion loop (FL) of EDII at their tips [30, 31]. The FL subsequently inserts into 

the endosomal membrane, causing the viral and endosomal membranes to fuse and the 

nucleocapsid to be delivered into the cytoplasm [32]. As shown in figure 1a, dengue virion has a 

rough surface with 60 spikes which is considered immature generated by three prM–E 

heterodimers in which the precursor (pr) peptide of the prM protein covers the FL found at the 

distal end of each E protein monomer [33,34]. The low-pH environment of the trans-Golgi network 

(TGN) during export causes prM–E heterodimers to reorganize into a folded orientation, exposing 

a cleavage site at the pr-M junction that is recognized by the host protease furin [35,35]. The 

neutral pH of the extracellular environment causes the pr peptide to dissociate from the viral 

particle, ending the viral replication maturation process. Infected cells typically secrete a complex 

combination of totally immature, partially mature, and fully mature virions as a result of 

inadequate prM protein cleavage. The effectiveness of all this cleavage process appears to vary 

between cell types, since viral particles produced from primary human cells, such as dendritic 

cells, have considerably lower amounts of prM protein than those obtained from insect or 

mammalian cell lines (e.g., Vero cells). Because the presence of prM protein inhibits the structural 

rearrangement of E proteins necessary for membrane fusion, fully immature virions are 

intrinsically non-infectious [35,36,37,38]. Partially mature virions, on the other hand, have two 

distinct areas of immature and mature structure, with the latter lacking prM protein and therefore 

possibly capable of beginning infection [39]. 
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Figure 1: Upper panel: Cryo-electron microscopy structure of the immature dengue virus 1 

(DENV1) particle carrying 60 trimeric precursor membrane (prM)–E spikes (PDB 4B03) in surface 

representation. Lower panel: Side view of a single trimeric prM–E spike in ribbon form. (b) Upper 

panel: Cryo-EM structure of the mature DENV1 particle with 90 E protein dimers (PDB 4CCT) 

in surface representation. 

Source: https://www.researchgate.net/profile/Lucas- 

Wilken/publication/342170783/figure/fig15/AS:902629068652548@1592214948949/Structural- 

architecture-of-immature-and-mature-dengue-virions-a-Upper-panel_W640.jpg. 

Replication and pathogenesis 

DENV is a single-stranded positive-sense RNA virus that is enveloped. The RNA genome is 

around 10,700 nucleotides long and encodes a 3,411 amino acid long precursor polyprotein with 

three structural proteins those are capsid [C], precursor membrane [prM], and envelope [E] and 

seven non-structural (NS) proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5). The protein 

molecules are components of the mature virus particle, whereas the NS proteins are expressed 

exclusively in the infected cell and are not packed into mature particles in detectable amounts. The 

structural proteins are not involved in viral genome replication [40,41]. Similar to biological 

mRNA, the 5'-end has a type I cap, and viral RNA (vRNA) is translated by a cap-dependent 

initiation scanning the 5'-UTR. The 3'-end lacks a poly(A) tail but terminates in a stem-loop (SL) 

structure that is preserved. For effective translation and replication, both the 5'- and 3'-UTRs are 

necessary [42,43]. The UTRs contain unique secondary structures that impart diverse roles and 

shows better sequence conservation across DENV serotypes. A long stem-loop (SLA) in the 5'- 

http://www.researchgate.net/profile/Lucas-
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UTR is thought to function as a promoter for the viral RNA-dependent RNA polymerase NS5 

[44]. The 5'- and 3'-UTRs have complementary AUG Regions (UAR) and cyclization sequences 

(CS), which hybridize to regulate genomic nucleophilic attack and RNA production [42]. Virions 

attach to cell-surface attachment molecules and receptors and are absorbed by endocytosis during 

the various stages of the flavivirus life cycle. Due to the low pH of the endosome, viral 

glycoproteins mediate the fusing of viral and cellular membranes, allowing the virion to 

disassemble and release vRNA into the cytoplasm. The viral NS proteins replicate the genomic 

RNA after vRNA is translated into a polyprotein that is processed by viral and cellular proteases. 

Virus particles are formed at the endoplasmic reticulum (ER) membrane, where C protein and 

vRNA are encapsulated by the ER membrane and glycoproteins. Finally, immature virus particles 

are carried via the secretory route, where furin-mediated cleavage of prM causes viral maturation 

in the acidic environment of the trans-Golgi network (TGN). The mature virus is transmitted from 

the cell. Before entering the cell by clathrin-mediated endocytosis, DENV viruses attach to host 

cell factors, its envelopes protein-mediated fusing of viral and cellular membranes occurs in 

response to complexation, following transportation to endosomal regions, permitting virus particle 

disintegration and  release of single-stranded viral RNA into the cytoplasm, 

proceeding translation. a polyprotein is a region where viral RNA begins translation, which is 

further digested by cellular and viral proteases. The viral RNA is subsequently replicated by 

nonstructural (NS) proteins. The construction of viral particles takes place on the membrane of the 

endoplasmic reticulum (ER), and the particles then bud into the ER as juvenile virus particles. Pre- 

membrane (prM) protein is broken by the cellular serine protease furin during the egress of the 

progeny virus particle through the secretory route. Virus particles that have matured are discharged 

into the extracellular space. The red inset depicts the viral proteins' probable membrane structure. 

TGN stands for trans-Golgi network. 
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Figure 2: The dengue virus (DENV) life cycle. 

Source: https://www.mdpi.com/viruses/viruses-08-00122/article_deploy/html/images/viruses-08- 

00122-g001-1024.png. 

 

Laboratory diagnosis 

The diagnosis which laboratory-based is frequently unavailable at the point of treatment, the initial 

diagnosis is based on a combination of travel history and clinical symptoms. Because DENV 

incubation time is shorter than 2 weeks, travel history gives critical information that can rule out 

other potentially life-threatening illnesses [45]. Culture of the virus, polymerase-chain reaction 

(PCR), or serologic tests are used to confirm a DENV infection. However, each test has limits, and 

detection is dependent on various NS1 protein is detectable in serum by enzyme-linked 

immunosorbent assay (ELISA) from the first day of fever up to 9 days post-infection [46]. NS1- 

based ELISAs have emerged as a valuable diagnostic tool for acute samples in which IgM is not 

detected and PCR is not accessible. There are several commercial NS1 antigen kits available, and 

they are frequently used in both endemic and non-endemic countries. 

DENV Genome Variation 

Sub genomic and genomic RNA All four DENV serotypes have been linked to severe dengue 

illness. However, because of genetic variations across DENV genotypes, each genotype has a 

different virulence and pandemic potential. Few genotypes and strains lead to the development of 

https://www.mdpi.com/viruses/viruses-08-00122/article_deploy/html/images/viruses-08-00122-g001-1024.png
https://www.mdpi.com/viruses/viruses-08-00122/article_deploy/html/images/viruses-08-00122-g001-1024.png
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severe clinical illness [47,48]. The dendritic cells seen in the epidermis which are initially 

immature. This gives it a selection advantage over viruses with lesser pathogenic potential. The 

production of negative-strand RNA during early infection may be responsible for increased viral 

output. This increases the amount of genomic RNA and the quantity of infectious viral particles 

released. As a result, Southeast Asian viruses are better suited for viral offspring generation, 

regardless of the number of cells infected. The Phylogenetic research on several DENV-2 

genotypes revealed that the native American genotype was linked with moderate illness, but the 

introduction of the Southeast Asian genotype in four separate nations corresponded with the 

emergence of DHF [49,50]. The variation in the DENV genome is not the contributing to the 

pathophysiology of severe dengue; sub-genomic flavivirus RNA (sfRNA) also plays a vital role in 

DENV replication in host immune system cells. sfRNA is produced during replication when the 

DENV RNA genome (11 kb) is incompletely broken down into short RNA (0.3–0.5 kb) by host 

exoribonuclease [51,52,53,54]. This sfRNA accumulates and inhibits host antiviral immune 

responses, namely type-1 IFN signalling [55]. RNA interference (RNAi) is a key host defensive 

mechanism against viral infections. NS4B's involvement in interfering with RNAi pathways, sf 

RNA plays a role. It binds to the Dicer protein and prevents dsRNA cleavage to small interfering 

RNA (siRNA). DENV sfRNA binds to the Tripartite motif-containing protein 25 (TRIM25) and 

prevents ubiquitination-mediated RIG-I activation, suppressing IFN production [56,57]. 

Secondary structure of the DENV 3'UTR revealing the position and size of sfRNA discovered by 

sequencing research. Plots depicting the relative quantities of sfRNA species generated by human 

or mosquito infected cells are shown below in figure 3. Parts B and C show Northern blot 

hybridization with particular probes complementary to the viral 3'UTR using RNA collected at 30 

and 50 hpi from C6/36 or A549 cells infected with DENV-M or DENV-H stocks, respectively. 

DENV sfRNA were found in infected Aedes albopictus and Aedes aegypi mosquitos. Northern 

blot hybridization using RNA isolated from infected mosquitos with DENV-M or DENV-H. For 

detection, a probe complementary to the viral 3'SL was employed. 
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Figure 3: Dengue virus genomic variation associated with mosquito adaptation defines the 

pattern of viral non-coding RNAs and fitness in human cells 

Source: 

https://journals.plos.org/plospathogens/article/file?id=10.1371/journal.ppat.1006265.g002&type 

=large. 

https://journals.plos.org/plospathogens/article/file?id=10.1371/journal.ppat.1006265.g002&type=large
https://journals.plos.org/plospathogens/article/file?id=10.1371/journal.ppat.1006265.g002&type=large
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Conclusion 

DENV is a Flavivirus spread by mosquitos that is endemic in many tropical and subtropical 

regions. The NS proteins are in charge of viral replication as well as host innate immune evasion. 

The innate immunological response to DENV is poorly understood, as are the precise functions of 

the NS proteins in immune evasion. Viral replication and host innate immune evasion is processed 

by NS proteins. The innate immunological response to DENV is poorly understood, as are 

the functions of the NS proteins in immune evasion. The major innate immune response is type I 

IFN, and the virus's principal evasion method is to target the type I IFN response. Complement 

activation, apoptosis, autophagy, and RNAi are examples of innate immune responses. In order to 

create effective antivirals, it is critical to understand the host's innate immune response to infection 

and how the virus avoids or exploits it. There is apparently just one approved vaccine, Sanofi- 

Dengvaxia, Pasteur's which employs the prM-E dengue sequence in a yellow fever viral backbone. 

The vaccine's delivery has been highly criticized since it has only approximately 60% effectiveness 

[58]. There are no authorized DENV antivirals. To develop an effective vaccine or antiviral against 

DENV, it is important to first understand the function of the innate immune response to DENV. 

Paracetamol for high fever and oral or intravenous fluid intake are treatments for clinical symptoms 

of acute febrile illness. Recent DENV antiviral research has concentrated on finding new drugs 

that target the DENV proteins involved in replication and innate immune evasion. NITD-618, a 

chemical targeting NS4b, suppresses RNA synthesis in vitro in all four serotypes of DENV91 that 

has neutralizing effect against DENV, targeting the viral envelope lipid bilayer [59]. 

Recommendations 

There is currently an urgent need for dengue vaccines that can generate strong protective immunity 

against all four serotypes, regardless of DENV serostatus at the time of immunization. To create 

such vaccines, a thorough understanding of DENV adaptive immunity is required. Structural and 

functional research have shown that the degree of prM protein cleavage as well as the ensemble of 

conformational states sampled by virions influence DENV sensitivity to antibody-mediated 

neutralization, which has crucial implications for vaccine formulation. Antibodies that recognize 

epitopes on virions that are seldom exposed, such as the FLE, are more likely to increase rather 

than neutralize infection, and so their annotation by vaccines should be avoided. Vaccine-induced 

antibody responses should be directed to antigenic regions available in all known DENV 

configurations, namely EDIII and the EDE, allowing efficient neutralization at various phases of 

infection. More research is being done to develop strategies for selectively inducing neutralizing 

antibody responses to these epitopes. Furthermore, new appropriate tests for evaluating 

vaccination performance must be developed. The CYD-TDV studies revealed that vaccine- 

induced antibodies' capacity to neutralize cell culture–derived virions was very weakly linked to 

their in vivo effectiveness [60]. Data from immunological examinations of DENV-infected 

patients supplement the findings of mice investigations. A recent report of recurrent DENV3 

infection in a lymphogenic kidney transplant patient revealed that, despite regularly detectable 

levels of neutralizing antibodies, infection clearance occurred only after CD8+ T-cell counts 

climbed to the lower normal range [61]. Both activation of canonical signalling pathways and 

expression of surface markers associated with an activated T-cell phenotype were enhanced in 
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asymptomatic viremic people compared to clinical dengue patients in a pediatric cohort [62]. 

Another study found that the increase of CD8+ effector memory T-cell subsets was associated 

with lower virus loads in acute dengue patients [63]. Furthermore, the presence of IFN-producing 

DENV-specific T cells in dengue patients was found to be related with milder clinical illness and 

viraemia resolution [64]. New discoveries on the role of NS1 [65] in dengue pathogenesis and its 

capacity to produce protective immune responses have rekindled interest in employing this protein 

as a vaccine candidate, in part because it is not included in the already approved dengue vaccine. 

The presence of various conserved epitopes on NS1 and the cross-inhibitory effects of NS1 

antisera found in animal models [66, 67] imply that a single immunogen may provide protection 

against different serotypes. The fundamental challenge in creating NS1-based vaccines is the 

danger of inducing vascular disease by NS1 treatment alone or the subsequent generation of innate 

immune antibodies. 
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