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1.1 GENERAL INTRODUCTION OF VIRUS- AN OVERVIEW 

An obligate intracellular parasite that cannot reproduce by itself is called a virus. Typically, 

a virus consists of a genetic material that can either be DNA or RNA, and this genetic material 

is surrounded by a protein coat referred to as capsid. Mainly, capsid protects the genetic 

material from lethal agents. Sometimes when a bilayer lipid membrane surrounds a capsid, it 

is called an enveloped virus. These enveloped viruses are embedded with viral proteins, 

which also include viral glycoproteins. These viral glycoproteins help interact with the 

specific receptors present on the host cells and, consequently, transfer the genetic material in 

the host. Interestingly, in the case of a non-enveloped virus, capsid acts as a platform for the 

interaction with the host (1). To reproduce viruses, use host cell machinery to produce viral 

proteins required for replication of the viruses (2). 

Several decades ago, it was proposed that viruses were the infected host cells. In comparison 

to viruses, researchers have coined a new term to those particles which generally are found 

outside the host cells, and these extracellular infectious particles are termed as “virion.” This 

virion consists of viral nucleic acid and an outer shell of proteins which helps the virion to 

invade host cells. When the “virion” invades the host cell, it begins its life cycle to propagate 

its gene. Then this “virion” is referred to as a virus (3). The two main ways by which virus 

reproduction occurs inside the host cell are either by entering into a lytic cycle or entering a 

latent state (sometimes called lysogeny as observed in the case of bacteriophages). The lytic 

cycle generally involves the production of progeny virions using host cellular machinery, 

which can either lead to an acute viral infection causing mild symptoms and viral clearance 

by the immune system or chronic viral infection, which causes pathogenicity leading to 

severe disease. The inability to reproduce itself leads to the entry of this virus into a latent 

state called lysogeny, but some of these viral genomes can be activated later (4). 
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1.2 PATHOGENIC VIRUSES OF HUMANS –AN OVERVIEW 

Viruses that affect humans are called human viruses, and there are the sub-categories of the 

large number of viruses that affect animals known as animal viruses. Around 219 human 

pathogenic viruses exist, and the first virus discovered was the yellow fever virus in 1901. 

But among these human viruses, around two-third of these viruses are known to infect other 

vertebrates except the human host. But some viruses which only infect humans are referred 

to as "specialist" human pathogens, for example, HIV-1, HIV-2, SARS, HTLV-1 and 2, 

dengue, yellow fever, measles, mumps, smallpox, and influenza. When an infection caused 

by these human viruses leads to a disease, that virus is known to be pathogenic. To understand 

how these viruses cause pathogenesis, we need to discuss and the mechanism by which these 

viruses cause disease and the factors that lead to the pathogenesis caused by the viruses (5).  

The various mechanisms of pathogenesis are as follows: 

i. Entry of virus particles: The first question that arises to understand the disease caused by 

the virus is, "How does virus enter or interact with the living cells?" Several studies have 

reported about viruses' entry point into the host cells stating that they mainly enter living cells 

via respiratory, genital, gastro-intestinal routes and skin although other pathways are also 

used. But the outcome of the disease-causing viruses depends on the dose, location of the 

viruses, infectivity, and virulence (6). 

ii. Local replication and spread of viruses to target organs: It is the second mechanism by 

which viruses cause disease. The infected cell can transmit the viruses to the adjacent cells 

extracellularly or intracellularly. Extracellular transmission occurs when the viruses are 

released into the extracellular medium and infect the neighboring cells. In contrast, 

intracellular transmission occurs either by the fusion of infected cells to adjacent cells or by 

the help of cytoplasmic bridges between the infected cells and the neighboring cells. The 

intracellular environment provides the partially protected environment, as most host 
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antibodies cannot penetrate the cell membrane. Sometimes localized diseases are caused due 

to local virus multiplication (6). 

iii. Dissemination of virus particles: The principal routes of widespread dissemination occurs 

through the blood and peripheral nervous system. Dissemination through blood is the most 

common route of spreading infection. Dissemination through nerves is a less conventional 

route, but this mechanism is primarily prevalent in rabies virus and herpesvirus. The virus 

causes disease only when it replicates sufficiently in a target organ, killing essential cells, and 

some of the pathogenesis of selected virus infection are given in (6)(Table 1.1). 

iv. Incubation period: It is the time between virus exposure and commencement of disease. 

Primarily asymptomatic, but mild fever and malaise may occur during viremia. It often varies 

from 1 to 3 days to a longer time, depending upon the travel by the virus to reach the target 

organ. The mechanism which determines longer or shorter incubation time is yet to be 

adequately understood (6). 

v. Replication in target organ: The replication of viruses in the target organ depends on host 

defenses. Only when it escapes host defenses, it multiplies in sufficient numbers to cause 

disease. Fever and malaise may result from toxic products released by the replication of 

viruses and cell necrosis. Lymphokines and inflammatory mediators are one primary reason 

for other constitutional diseases (6). 

vi. Shedding of virus particles:  The shedding of virus particles occurs only when successful 

reproduction occurs in the host cell since it has used up all resources of the host cell, and virus 

particles are released to the environment. These virus particles are contagious. The most 

frequent shedding sites are the respiratory tract, digestive tract, urogenital tract, and blood. 

The shedding sites of some common viruses are given (6) (Table 1.2). 
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Disease Implantation site Route of spread Target organ 

Poliomyelitis Alimentary tract Blood (nerves) Central nervous 

system(6). 

Hepatitis B Skin 

penetration/blood 

transfusion 

Blood Liver(6). 

Chicken pox Respiratory tract Blood, nerves Skin, lungs(6). 

Rubella Respiratory tract Blood Skin, lymph nodes(6). 

 

Influenza Respiratory tract Blood Respiratory tract(6). 

 

 

Table 1.1 List showing some selected pathogens by which route they spread and their target 

organ(6). 

 

 

Name of common viruses Shedding sites  

Arboviruses Blood and lymph 

HIV Blood and semen 

Some Retroviruses, herpesviruses Milk, urinary tract 

Herpes simplex virus type 2 Genital tract 

Rabies virus saliva 

 

Table 1.2 Table showing shedding sites of some common viruses(6). 
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1.3FLAVIVIRIDAE: PATHOGENIC VIRUSES AFFECTING HUMANS 

The family of Flaviruses is known as Flaviviridae. This genus includes the dengue virus, 

West Nile virus, Tick-borne encephalitis virus, yellow fever virus, Zika virus, and many other 

encephalitis causing viruses. This family also includes several “non-vectored” for example 

Hepatitis C virus flaviviruses and insect-specific flaviviruses (ISFs). 

Mainly Flaviviruses are of two types:  

(i) Tick-borne flaviviruses (tick-borne encephalitis virus, Langat virus and Powassan virus) 

(ii)Mosquito-borne flaviviruses(denguevirus (DENV), yellow fever virus, Japanese 

encephalitis virus (JEV) and West Nile virus (WNV)). 

Both tick and mosquitoes are arthropods and so the insect-borne viruses are commonly 

classified as arboviruses. Every word has its origin from Latin, and this specific word 

“Flavus” also originated from Latin, which means “yellow”.The name of Flaviviruses 

originate from the Yellow fever virus the prototype virus of family Flaviviridae. The 

similarities among these Flaviviruses lie in their sizes(40-60nm), symmetry (enveloped, 

nucleocapsid, icosahedral), nucleic acid (positive sense ssRNA). Among them, some viruses 

are unable to replicate in sufficient numbers to infect arthropods, so for them human host is 

the dead-end host but there are exceptions such as dengue, zika, and yellow fever viruses. 

Flaviviridae includes four genera namely Flavivirus, Hepacivirus, Pestivirus and Pegivirus). 

It contains over 90 viruses, among which 30 members are arthropod-borne human pathogens. 

The most important vector-borne human viral pathogens are four dengue viruses, yellow fever 

virus, West Nile virus, Japanese encephalitis virus and Zika virus because of their tremendous 

effect on human health and their capacity to cause epidemics worldwide (7-8). Flavivirus life 

cycle proceeds without the requirement of DNA strands. The replication of genomic vRNA 

takes place in the cytoplasm of the infected cell and it contains all the necessary information 

for replication. The virus mainly enters the cell via the receptor-mediated endocytosis and 
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then it fuses with the endosomal membrane. The acidified environment of the endosome helps 

in the uncoating and releasing of vRNA in the cytosol. Translation results in the production 

of the polyprotein, which is cleaved by both cellular as well as host proteases to generate 10 

mature viral proteins. The capsid(C), envelope(E) and prM protein are the main structural 

proteins which are responsible for the assembly of virus particles while non-structural proteins 

such asNS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 help in the replication of the virus. 

NS5 is the RNA-dependent RNA polymerase which helps in the capping of newly synthesized 

RNA molecule. NS3 is a viral protease which along with co factor NS2B, participates in the 

processing of viral polyprotein because it has helicase, NTPase and triphosphatase activities. 

Viral RNA encapsidation and viral assembly take place which then traverses through 

secretory pathyway, and in Golgi apparatus they undergo furin mediated maturation. Fully 

infectious matured viruses are later released via exocytosis (9). 

 

1.4 DENGUE VIRUS: AN OVERVIEW – VIRUS STRUCTURE, VIRUS 

PROTEINS AND VIRUS REPLICATION 

 

1.4.1 Virus structure 

The structure of the dengue virus is comprised of a 50-nm-diameter particle. This particle is 

roughly spherical in shape. This is an enveloped virus with two structural proteins associated, 

the membrane (M) and the envelope (E) proteins. These structural proteins form the outer layer, 

which controls the entry of the virus into the permissive host. Another structural protein known 

as the capsid protein (C), when bound to the positive single-stranded RNA (ssRNA) genome, 

forms the amorphous ribonucleoprotein complex. The external structure of the virus varies with 

temperature; for example, in the mosquito vector, when the temperature range is between (28–

30°C), the outer glycoprotein shell is composed of 90 E protein head-to-tail homodimers tightly 

packed in an icosahedral manner. In comparison, in the case of the human host, where the 
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temperature is 37°C, the intra and inter dimeric interactions weakened, thereby exposing the 

cryptic epitopes for antibody binding (Figure 1.1) (10). 

 

 

 

Figure 1.1: Structure of dengue Virus particle. The surface proteins are Envelope(E) protein 

and Membrane (M) protein while capsid protein associated with genomic RNA. 

 (Adapted from Girish Khera, Scientific Animations  http://www.scientificanimations.com/) 

 

 

1.4.2 Virus proteins 

The structural proteins of the virus are envelope (E) protein, membrane(M) protein, and capsid 

(C) proteins which are mainly responsible for the formation of dengue virion. The non-

structural proteins are NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5, which exhibit their 

function in viral replication and assembly. 

a) E PROTEIN  

E protein is a 53kDa structural protein. There are 395 amino acids in the polypeptide chain. 

The two antiparallel transmembrane helices located at the C-terminal end of this E protein 

helps in the anchorage of this protein to the viral envelope. This protein is composed of D1, 

http://www.scientificanimations.com/)
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DII, and DIII domains. The crystal structure revealed that DI is the N terminal end, and it is a 

β-barrel central structure. DII is an elongated finger-like domain that contains a segment 

(residues 98-110) called a fusion loop and is involved in the fusion of viral and cellular 

membrane. DIII is an immunoglobulin-like β-barrel structure exposed on the DENV surface 

and contains epitopes and cellular-binding motifs. DIII domain appears to play a role in host 

cell receptor binding for viral entry and in inducing long-lasting protective immunity against 

dengue virus infection. Glycosylated asparagine residues (N67 and N153) are found in E 

protein involved in the interaction with attachment factors present on the cell surface. This 

protein forms heterodimers with the prM protein in the immature virion and homodimers 

formation in the case of mature virions (Figure 1.2)(10). 

 

 

Figure 1.2 : Structure of envelope glycoprotein showing three domains of E protein. 

(Adapted from https://www.creative-diagnostics.com/Dengue-Virus.html ) 

 

b) M PROTEIN 

prM is the precursor of the M protein (prM, approximately 21 kDa). It is also a structural 

protein. Immature DENV particle contains 60 spikes, and each spike is composed of three 

prM:E heterodimers. Maturation of virus takes place in trans-Golgi network (TGN) where prM 

is cleaved by a cellular protease probably furin. This results in the production of M protein (8 

Kda) and the ‘pr’ peptide.  The acidic environment of TGN helps in the conformational changes 

https://www.creative-diagnostics.com/Dengue-Virus.html
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in prM:E heterodimer which results in the exposure of cleavage site. E protein DII is stabilized 

when prM interacts with it because the β-barrel structure of pr protein protects the E protein 

fusion loop and arrest the conformational changes leading to the inhibition of fusogenic activity 

during TGN secretory pathway. At acidic pH virion is attached to the pr peptide which arrests 

the virus fusion in TGN. Then this virion is released into the extracellular environment. In 

infected cell when the virus enters the late endosome the three pH sensitive histidine residues 

which are present at the N terminal segment of M protein are protonated which helps in the 

dissociation between M and E proteins allowing the fusion of E protein to the endosomal 

membrane (Figure 1.3)(11). 

 

 

 

Figure 1.3: Maturation of dengue virus : Immature virus has rough appearance because 

initially prM and E proteins are assembled as trimeric spikes that protude away from the 

envelope. But when it enters the trans-Golgi compartment a cellular protease known as furin 

cleaves prM protein to generate the mature M protein and this results in the formation of E 

protein dimers producing the mature infectious virions which has the smooth surface. 

(Adapted from Perera et al., 2008(27)). 
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c) C PROTEIN 

DENV capsid protein is a basic protein of 100 amino acid residues and whose size is 

approximately 12kDa. Several reports suggested that it is one of the most disordered proteins. 

The capsid coding gene is located at the end of 5’terminus of the viral genome. Stable 

homodimers of this protein are formed in solution with an affinity for both nucleic acids and 

membranes. Previous structural studies reported that there are four α-helices (α1–α4) in each 

monomer unit. A conserved central hydrophobic region (residues 45-65) located in the 

interface of α2–α2′ and interact with lipid membrane while the positively charges α4–α4′ C-

terminus area interacts with viral RNA (Figure 1.4). The first 20 amino acid residues of this 

protein are involved in the interaction with cellular lipid droplets and organelles during the 

replication cycle. This C protein contains 26 basic amino acids, which ultimately grant C 

protein a very high charge/MW ratio resulting in its inclusion in the family of supercharged 

proteins. This property enables C protein to act as a cell-penetrating peptide (Figure 1.5) (11). 

 

 

 

 

 

 

 

Figure 1.4: This is a representative ribbon diagram of DENV 2C dimer. Each monomeric 

subunits has four α helices. Here in this diagram one monomeric subunit hasα1, α2, α3, α4 

helices and another monomeric subunit has α1, α2, α3, α4 helices. 

(Adapted from Cruz-Oliveira et al 2014(10)) 

__________________________________________________________________________ 
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Figure 1.5 : This is a diagrammatic representation which shows the molecular interaction 

between DENV-2 Capsid protein with viral RNA and lipid membrane. α1 Helix is blue, α2 is 

green, α3 is yellow, and α4 is magenta. 

(Adapted from Ma et al.,2004(28)) 

 

d) NON-STRUCTURAL PROTEIN 1 (NS1) 

NS1 is a conserved glycoprotein whose molecular weight varies between 46kDa to 55kDa, 

depending on the magnitude of its glycosylation. The protein is mainly synthesized in the 

form of immature hydrophilic monomer in the lumen of the endoplasmic reticulum; it can 

exist as a homodimer bound to the membrane of the cell surface and as a hexamer which is a 

secreted soluble protein from infected cells which initiates antibody response in humans to 

infection caused by DENV. It comprises 352 amino acids and 12 cysteine residues, conserved 

among NS1 proteins of all Flaviviruses. These cysteine residues form disulfide bonds in NS1 

monomers. Previous reports depict the structure of the NS1 monomer. There are three 

domains in the NS1 monomer namely a small "β-roll" dimerization domain (amino acids 1-

29), the second domain is known as the "wing" domain (amino acids 30-180), and this wing 
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domain contains two glycosylation sites (Asn 130, Asn 175) and the third domain (amino 

acids 181-352) called "β-ladder" domain is located at the C terminal half of NS1 (Fig 1.6). 

Following post-translational modification in the lumen of ER, NS1 dimers are formed 

through non-covalent interaction. Then this dimer undergoes processing in the TGN and is 

secreted in the extracellular space as a hexamer. The three dimers of NS1 protein form the 

extracellular hexameric form (29). 

NS1 protein, which is basically an open barrel structure with a hydrophobic central cavity, 

consists of around 70 lipid molecules. The presence of lipid molecules indicates that NS1 

protein may seize the machinery of the host's lipid metabolic pathways, which can cause 

endothelium dysfunction. In the primary phase of the infection, dimeric NS1 is involved in 

the replication of the viral genome through interaction with NS4A and NS4B. Since this 

protein is the only non-structural protein secreted in the extracellular space during infection, 

it is used as a target for dengue fever diagnostic kits. The dengue diagnostic kits are developed 

for the early detection of dengue fever. Some studies have reported that this protein has been 

linked to the risk of developing severe dengue. Some recent studies have also reported that 

macrophages are activated via Toll-like receptor (TLR4) by NS1 protein, and this protein 

also found to be associated with the disruption of endothelial cells and thus causes vascular 

leakage, which is a prominent characteristic of dengue hemorrhagic fever (DHF) and dengue 

shock syndrome (DSS) (Figure 1.6) (12). 



 

14 

 

 

Figure1.6: One subunit of NS1 dimer in gray and others are colored domain (Blue β-roll , 

yellow wing with connector sub-domain which is orange in color, red central β-ladder). 

Yellow spheres are disulfide bonds and there are three N-linked glycosylation sites (Asn 

207,Asn 175,Asn 130) with black C. Dotted lines indicate 20 residue disordered region. 

(Adapted from Akey et al.,2014 (29)) 

 

e) NON STRUCTURALPROTEIN 2 (NS2) 

NS2A and NS2B are the two proteins that are produced from the DENV NS2 region. The 

NS2A protein is 22-kDa (around 218 amino acids) transmembrane protein, which is 

hydrophobic and consists of eight transmembrane segments. Among these transmembrane 

segments, five are true integral membrane proteins. The segments which do not traverse 

through the membrane are 1, 2, and 5. Transmembrane proteins 1 and 5 are not membrane-

associated, and transmembrane protein two interact with the ER membrane. An unknown host 

protease cleaves the N terminus of NS2A from NS1, and NS2B3 protease cofactor complex 

cleaves NS2A from NS2B at the C terminus.  
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The three functions that are performed by this protein are as follows: 

(i) It neutralizes the host immune response by restraining the interferon system 

(ii) It participates in DENV RNA synthesis. 

(iii) It also participates in virion assembly 

NS2B is a 15kDa protein (around 130 amino acids) which is also hydrophobic in nature. It 

consists of four short transmembrane α helices (α1–4), proposed to form a helix bundle. This 

protein is found to act as a cofactor to NS3 protease, and this cofactor property is attributed to 

the 40 residues central hydrophilic domain located between α2 and α3. A functional and 

membrane-bound protease complex is formed when a heterodimer is formed by noncovalent 

interaction between the central hydrophilic domain of NS2B and protease domain of NS3. In 

association with NS2A, this protein is found to regulate virus replication, assembly, and 

secretion and contribute to cytopathogenesis. Previous reports have also suggested this NS2B 

protein in human erythrocytes destabilizes the membrane and increases the membrane's 

permeability by forming pores(Figure 1.7) (13). 

       

 

Figure 1.7: (a)Graphical representation of NS2A           (b) Graphical representation of NS2B 

( Adapted from Gopala Reddy, Sindhoora Bhargavi et al.,2018(13)) 

__________________________________________________________________________ 

f) NON STRUCTURAL PROTEIN 3 (NS3) 

NS3 is (~70 kDa ), a multifunctional protein in which the N terminal region acts as a serine 

protease, and the C-terminal region acts as RNA helicase. It is composed of 618 amino acids. 

There is a catalytic triad present in this protein formed of histidine 51 (His51), aspartic acid 75 
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(Asp75), and serine 135 (Ser135). This catalytic triad is present in the N-terminal part of the 

protein (residues 1-180). The following sites are cleaved by the protease i) NS2A-NS2B, 

NS2B-NS3, NS3-NS4A, NS4B-NS5, and ii) upstream of signal sequences C-prM and NS4A-

NS4B junctions, iii) within NS3 itself iv) within NS2A. This protease complex is an attractive 

target for the development of antiviral targets. Previous studies have reported a compound 

named MB21, a benzimidazole derivative capable of inhibiting NS2BH-NS3pro (IC50 = 5.95 

μM). This was effective against all four serotypes of DENV in cell culture without any kind of 

cytotoxicity. The C-terminal domain of NS3 acts as RNA helicase, which helps in the 

unwinding of double-stranded RNA during the replication of viral RNA using energy from 

NTP hydrolysis. This helicase also contributes to the RNA capping process (Figure 1.8) (14). 

 

 

 

Figure 1.8: Dengue virus NS3 protein containing a protease and a helicase domain. Blue 

coloured portion is another viral protein called NS2B protease. 

  (Adapted from PDB entry 2vbc ,) 

 

 

 

http://www.rcsb.org/pdb/explore/explore.do?structureId=2vbc
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g) NON STRUCTURAL PROTEIN 4 (NS4) 

The NS4 region of DENV encodes two transmembrane proteins, namely NS4A(16kDa) and 

NS4B(27kDa), which are highly hydrophobic in nature. 2K is the name of the transmembrane 

peptide, which connects two non-structural proteins together, and it was is cleaved out during 

the maturation of the polyprotein. NS4A induces the re-arrangement of the endoplasmic 

reticulum and the Viral Replication Complex (VRC) localization in the perinuclear area. The 

localization of VRC benefits the viruses to use nuclear components for replication purposes. A 

component of intermediary filaments for vesicular positioning and transport is known as 

vimentin scaffold, and the interaction between this component and NS4A stabilizes the VRC. 

NS4A also plays a role in inducing autophagy which ultimately protects the cells from cell 

death during DENV infection. The NS4B plays a vital role in viral replication by dissociating 

NS3 from viral RNA when this protein interacts with NS3 and increasing the helicase activity 

of NS3(13-14). 

 

h)  NON-STRUCTURAL PROTEIN 5 (NS5) 

The largest and the most conserved flaviviral protein is NS5 which is about 900 amino acids, 

and it has a molecular mass of around 100kDa. This protein has 70% sequence identity among 

the four serotypes. The C-terminal end (residues 266-900) of this protein acts as RNA-

dependent RNA polymerase (RdRp), while the N-terminus (residues 1-265) contains a capping 

enzyme site which is formed of methyltransferase (MTase) and guanylyltransferase (GTase) 

domains. The anti-viral response is believed to be suppressed by this protein as it is located 

predominantly in the nucleus of infected cells (Figure 1.9) (14). 
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Figure1.9: Dengue virus NS5 protein contain a methytransferase and polymerase domain 

( Adapted from NS5 from PDB entries 1l9k  and 2j7w)  

 

1.4.3 Virus replication in humans 

For replication inside host cells, proper internalization of the virus is necessary, and this is only 

possible through various receptors present on different cell surfaces. The abundance and 

distribution of cell receptors determine the susceptibility of the host cells to the virus. It is 

reported previously that DENV doesn’t bind specifically to a receptor. Instead, it binds to many 

different molecules in a serotype-specific manner. Some of the putative DENV receptors are 

listed in the table for reference (15) (Table 1.3). 

 

 

 

 

 

http://www.rcsb.org/pdb/explore/explore.do?structureId=1l9k
http://www.rcsb.org/pdb/explore/explore.do?structureId=2j7w
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Name of the 

receptors 

Type of receptors Cells Serotype 

DC-SIGN 

 

 

Dendritic Cell-Specific 

Intercellular adhesion 

molecule-3-Grabbing 

Non-integrin. 

C-type lectin receptor 

Dendritic cells, 

macrophages 

DENV1-4 

HSP90/70 Protein expressed on 

plasma membrane 

HEPG2,U937, 

SK-SY-5Y 

DENV 2 

Heparan Sulphate Sulphated 

glycosaminoglycan 

Vero cells, BHK 

21 

DENV 1-4 

CD 14 associated 

protein 

Protein associated with 

LPS receptor 

Monocyte, 

macrophages 

DENV 2 

nLc4Cer Glycosphingolipid Vero cells, BHK 

21 cells 

DENV1-4 

 

Table 1.3: List of some common receptors for entry of DENV inside the cells 

 

The arthropod-borne DENV infects the host when it takes a blood meal and enters the host 

via receptor–mediated endocytosis. Acidification of endosome occurs followed by the 

internalization of the virus in vesicles, which helps in the fusion of membranes of virus and 

vesicles that results in the entry of nucleocapsid into the cytoplasm uncoating of the genome. 

At first, the input strand is translated, and then synthesis of negative-strand intermediate 

occurs that results in the production of several copies of positive-strand viral RNA (vRNA). 

Sequential rounds of translation result in polyprotein production, which is co and post-
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translationally cleaved into three structural proteins C, prM, and E, and seven non-structural 

proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) by cellular and viral protease. 

There are three structural proteins present at the N-terminal part, while the C-terminal part 

consists of seven non-structural (NS) proteins. The non-structural protein NS5 acts as RNA-

dependent RNA polymerase, which helps to synthesize the complementary minus-strand 

RNA template, which produces positive–strand viral genomic RNA. Viral Replication 

Complexes (VRCs) are formed that are composed of viral RNA, proteins, and hypothetical 

cellular proteins that act as the site for viral RNA replication on the endoplasmic reticulum 

membrane. This membranous region on the endoplasmic reticulum is also the place for viral 

RNA translation, protein processing, and progeny virion assembly. Progeny virions then bud 

into the ER lumen. When it is transported through the secretion pathway, a maturation 

process takes place via a conformational change of prM and E proteins on the surface of the 

virion. Then this virion is released from the infected cells by the process of exocytosis (Figure 

1.10) (16). 

 

 

 

 



 

21 

 

 

Figure 1.10: DENV life cycle depicting in various stages.L-SIGN, liver/lymph node-specific 

ICAM-3-grabbing nonintegrin; PTB, polypyrimidine tract binding protein; EF-1α, elongation 

factor 1α; hnRNP L, heterogeneous nuclear ribonucleoprotein L; PDI, protein disulfide 

isomerase. 

( Adapted from Karen Clyde et al.,2006) 

 

1.5 DENV VECTORS - AN OVERVIEW 

1.5.1 Vectors of DENV 

The viruses that are transmitted in vertebrate hosts by arthropod vectors are called arboviruses 

and for transmission of these viruses, they must replicate in both vertebrate and vectors. 

DENV also belong to arboviruses. Ashburn and Craig in 1907 thought Culex 

quinquefasciatus as a possible vector of human dengue but Cleland and Bradley in 1918 

identified Aedes aegypti as the vector of DENV and experiments performed by Siler et al. in 

1926 supported Aedes aegypti as the primary vector for DENV. Previous study suggested 

that Sub-Saharan Africa is the place where Aedes aegypti is found to have originated from 

Ae. aegypti formosus, which is a wild and zoophilic ancestral species. In tropical and 

subtropical regions Aedes aegypti is known to be the primary vector of DENV, which is 
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endophilic in nature which is adapted to live indoors. Because of increased urbanization and 

globalization, Aedes aegypti was introduced into the tropical and subtropical regions. Under 

field condition human blood is the main food for the females of these mosquitoes. So these 

mosquitoes acquire the virus while feeding humans infected with DENV(17-18). 

The exophilic Aedes albopictus is a secondary vector of dengue that mainly lives outdoors 

and preferentially feeds on human blood. Consequently, these mosquitoes increase the 

potential for transmission of disease among humans. Aedes albopictus was indigenous to 

Thailand, islands of the Indian Ocean, Southeast Asia, and the Western Pacific. The migration 

of humans and active transportations cause the expansion of Aedes albopictus range to Africa, 

Europe, and the Americas, which increases the transmission of DENV among people. Both 

Aedes aegypti and Aedes albopictus are not native to a particular location and can breed in 

containers. The main difference between Aedes aegypti and Aedes albopictus is that Aedes 

aegypti tends to stay indoors and feed on human blood mainly. In contrast, Aedes albopictus 

tends to stay outdoors and feed on human and animal blood(Figure 1.11) (19). 

 

                              

 

Figure 1.11: (a).Aedes aegypti                                         (b) Aedes albopticus 

 (Adapted fromhttps://www.cdc.gov/dengue/transmission/index.html) 

 

 

https://www.cdc.gov/dengue/transmission/index.html)
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1.5.2 Virus replication in vectors 

Aedes aegypti is the primary DENV vector. For the maturation of the egg, a blood meal from 

vertebrates is required by female Aedes sp. When Aedes sp feeds on a viremic host, DENV 

first establishes the infection in the midgut of mosquitoes, and gradually this virus spreads 

through the insect’s body cavity such as reproductive organ, fat body, and hemocytes with 

the help of hemolymph and finally reaching the salivary glands before transmission to the 

next human. The necessary requirement for transmission is an infection of the salivary gland. 

The time period between midgut infection and consequent transmission of DENV by 

Ae.aegypti is called the extrinsic incubation period, which generally ranges from 7-14 days 

at room temperature. The transmission of dengue occurs only when the virus reaches the 

salivary gland. The salivary gland also plays an essential role in transmission by producing 

anti-coagulant, vasodilatory, and anti-inflammatory molecules during blood meal 

procurement. Infection of mosquitoes after blood meal depends on the serotypes of DENV 

and initial infectious dose. Earlier studies have reported that in the case of DENV-1 and 

DENV-2, fewer viruses are required to produce successful infection compared to DENV-3 

and DENV-4. A recent review has reported that innate immunity present in mosquitoes such 

as antiviral signaling pathway (IMD & JAK-STAT pathway), complements like proteins and 

small RNAs allows replication of the virus to a non-pathogenic level so that the virus can 

persist and transmit to the human host (20-23) 

  

1.5.3 Vector cell culture effects 

The primary vector for DENV transmission is the Aedes aegypti mosquito. In order to 

develop effective ways to prevent this transmission, the interaction between DENV and 

vectors needs to be understood. So, various cell lines are developed from mosquito species 
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to depict the relation between vector and DENV. The mosquito cells lines which are 

susceptible to DENV infection are as follows: 

Mosquito sp Disease 

transmission 

Cell line From which source it was 

obtained 

Aedes aegypti dengue virus CCL-125 Larvae 

  RML-12 Larvae 

Aedes albopictus dengue virus C6/36 Larvae 

Aedes.pseudoscutellaris 

 

dengue virus AP 61 Larvae 

 

Table 1.4: list of some common mosquito cell lines susceptible to DENV 

 

The most common source for the production of mosquito cell lines is mosquito embryos 

because they can differentiate into larvae and adult tissue. These cell lines are essential for 

research as they measure the amount of virus present in a sample. That is why inoculating 

samples in serial dilution and checking the evidence of virus replication determine the 

criterion for successful dengue infection. 

 

1.6 EPIDEMIOLOGY OF DENGUE : GLOBAL VS INDIA 

1.6.1 Epidemiology of global dengue 

In recent decades, incidences of denguehas grown vastly. Most of the cases are asymptomatic 

or mild, and that is why the real numbers of dengue cases are under-reported. One report has 

suggested that around 390 million dengue infections occur every year, among which 96 

million manifests clinically. In contrast, other reports estimate that approximately 3.9 billion 
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people may be prone to dengue infection (32).Dengue is mainly prevalent in tropical and 

subtropical climates and mostly in urban regions. The most rapidly spreading arthopod-borne 

disease is dengue. In tropical and subtropical areas, dengue has become a significant public 

health concern. About 75% of the recent global burden of dengue is attributed to the WHO 

regions of South East Asia and Western pacific. For decades South East Asia is a region 

which is identified as a hotspot for dengue, and here the highest number of cases were 

reported. Previous studies have given the evidence that dengue in Brazil depends on the 

season, and most cases are reported during the rainy season. It is also observed that the 

prevalence of dengue in South American countries also depends on the variability of climate. 

Many countries, such as Thailand and Latin America also found to be endemic for dengue. 

A study is published recently stating that dengue deaths are usually under-reported, but it is 

estimated that around 20,000 deaths take place every year. They have also reported that 

Symptomatic dengue infection is gradually increasing between 1990 and 2020 doubling 

every ten years. The incidence of dengue observed by various regional offices is given below 

in the graph (Figure 1.11 (a,b)) (33-36). 
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Figure 1.12:(a) Dengue cases reported from WHO South-East Asia Regional Office (SEARO), 

Western Pacific Regional Office (WPRO). 

 

 

 

Figure 1.12:(b) Dengue cases reported by Pan American Health Organization (PAHO), 1990-

2017. Reduced number of dengue cases in 2017-2018 after Zika epidemic in 2016. 

(Adapted from blog of Jacqueline Dee published in The Royal Society of Tropical Medicine 

and Hygiene(34)) 

___________________________________________________________________________ 

 

1.6.2 Epidemiology of dengue in India 

Previous studies reported that around 52% of the disease burden is contributed by South-East 

Asia and among which 34% is contributed by our country, India. In 1946, the first 

reporteddengue takes place in India. Though it is endemic in the majority of the states in India 

but after the nationwide outbreak in 1996, many recurrent episodes of the outbreak occurred. 

Mostly, urban areas are affected and after this significant outbreak it spreaded to those areas 
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where dengue was mostly non-existent such as Orissa, Arunachal Pradesh and Mizoram. This 

epidemic of 1996 reported around 16000 cases and 545 deaths. In 1956 all four serotypes 

were detected in various parts of the country. From early 2000 dengue became prevalent in 

southern states like Maharashtra, Karnataka, Tamil Nadu and Pondicherry and northern states 

like Haryana, Punjab, Rajasthan, and Chandigarh. The highest cases of dengue occurred in 

India during 2012 (around 41 per million population), 2013 (approximately 61 per million 

population) and 2014 (about 32 per million population). Many factors lead to an increase in 

dengue cases in India, such as unplanned urbanization, sudden diverse environmental change 

and inefficient vector control measures (37). 

 

1.7 DENV INFECTION IN MAN AND DENV PATHOGENESIS  

DENV infection is found to be asymptomatic in maximum cases. This infection also shows 

symptoms such as dengue fever characterized by severe headache, retro-orbital pain, myalgia, 

arthralgia, gastrointestinal discomfort, and usually rash. DHF includes all characteristics of 

dengue fever, and along with that, it also includes coagulopathy, increased vascular fragility 

and permeability, and when hypovolemic shock occurs then it lead to DSS. In Asia, increased 

infection is observed in children rather than in adults, while in America, the majority of 

infections occur in adult population. A meta-analysis report of around 80 published studies 

showed that DSS is prevalent more in children compared to DHF.
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Several studies have published their points of viewswhich are listed below: 

 

DENV 

SEROTYPE 

SYMPTOMS REPORTSAND LIMITATIONS REF 

DENV-1  Redeyes, spontaneous bleeding, 

intense abdominal pain, 

neurological symptoms, 

thrombocytopenia observed 

more in DENV-1 patients 

compared to DENV-4 occurred 

during 2012/13 epidemic in 

Brazil. 

 

 DENV-1 to be associated with DHF whereas 

DENV-2 and DENV-3 had a lower risk of 

DHF. 

 The main limitation of the above study is the 

absence of DENV-4 and absence of serotype 

information in 24% of the cases. Patients were 

from one city and this was another limitation 

of this study. 

 

38,39 

DENV-2  Joint pain and lower platelet 

count. 

 DENV-2 Patients were associated with severe 

dengue compared to DENV-1 and DENV-4.  

40-45 
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 Ascites and larger pleural 

effusions in children. 

 Abdominal pain and 

hepatomegaly were more in 

DENV-2 patients compared to 

DENV-3 patients in Delhi from 

2002 to 2006. 

 

 

 

 Children infected with DENV-2 lead to more 

severe dengue.  

 The limitation is only a proportion of the thai 

population that was studied. 

 DENV-2 infected Thai children progress to 

more severe dengue.  

 5 years study in Bangkok Children’s Hospital 

also showed that DENV-2 patients progressed 

to more severe dengue 

 A metaanalysis suggest that DENV-2 is 

responsible for severe dengue in Thailand 

mainly compared to other countries in 2013. 
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DENV 3   Study from 1973-1999 in children from 

Thailand showed that DENV 3 causes more 

severe dengue in children reported with DF 

while children suffering from DHF were 

infected with DENV2 . 

 DENV3 caused more severe denguethat were 

documented in various studies. 

 

46-51 

DENV 4   DENV4 patients showed less severe 

complications. 

 DENV4 also showed low amount of viral titre 

compared to other serotypes. 

51-53 

 

Table 1.5: This table shows some common symptoms associated with particular serotype and also their limitations. 
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1.8 HOW NS1 CAUSES PATHOGENICITY? 

NS1 is a 43-48 kDa glycoprotein synthesized mainly in the monomeric form; these monomers 

form dimers in the lumen of the ER. This protein can remain associated with the membrane or 

in the vesicular compartments of the cell and secreted as a hexamer in the extracellular 

environment. The mechanism by which this protein plays a vital role in dengue virus 

pathogenesis is given below: 

1. Hyper-permeability in endothelial glycocalyx: Trans-endothelial electrical resistance 

measures hyperpermeability in various human endothelial cell lines induced by NS1 from 

different DENV serotypes. It has been observed that direct interaction between NS1 and 

endothelial cells leads to the separation of glycocalyx components such as heparin sulfate and 

heparin sulfate proteoglycans syndecan-1 and sialic acid residues by enhancing the expression 

of cathepsin L, heparanase, and endothelial sialidases. 

2. NS1 modulates intracellular junctions by inducing Macrophage Inhibitory Factor (MIF) 

production, which leads to the permeability of endothelial cells by causing autophagy of 

intracellular junctional complex. 

3.  NS1 directly interacts with innate immune cells via TLR-4, which stimulates the secretion 

of inflammatory cytokines such as IL-6, TNF-α, IL-1β, and IL-8 that cause the vascular leak. 

This protein indirectly induces the secretion of soluble molecules and has vasoactive and 

proteolytic activities that cause the disintegration of the endothelial glycocalyx. 

4. NS1 protein is responsible for immune evasion by activating proteins of complement 

pathway such as C3 convertase, Factor D, Factor H, C5b-9 or degrading C4b, C5b-9 proteins 

and thus shield DENV from complement-mediated lysis, which causes more viral replication. 

This also contributes to vascular leakage indirectly. 

5. Cross-reactive anti-NS1 antibodies may also contribute to DENV pathogenesis by binding 

to platelets, and clotting cascade components such as plasminogen and thrombin, and these 
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antibodies have also been found to bind to autoreactive epitopes present on the surface of 

endothelial cells, and this contributes to the endothelial cell damage via apoptosis (54).



 

33 

 

1.9  NS1 PROTEIN : LIST OF IMPORTANT MUTATIONS AND THEIR EFFECTS  

 

POSITION OF MUTATION IN 

NS1 

MUTATIONS 

/FUNCTIONS OF 

THE REGION 

IMPORTANCE OF THE MUTATION DENV 

SEROTYPE 

REF 

1)residues 1–15 

residues 71–125 

residues 338–352 

 

NA  Conserved region among DENV1 DENV 1 55 

2)25VHTWTEQYK35 

112KYSWKSWGKAK123 

193AVHADMGYWIES204 

266GPWHLGKLE274 

294RGPSLRTTT302 

 

NA  these regions of NS1 are highly 

conserved in all four DENV 

serotypes. 

 B-cell epitopes 

DENV1-4 55 
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3)His111 

 

His111to Leu111 

 

  Important amino acid  residue for 

antibody binding. A substitution of 

residues111 H by L in DENV-2, -

3, and -4 isolates, lowers the 

specificity of MAb reactivity. 

DENV 2,3,4 55 

4)Change of WNV RQ to DENV 

NK at amino acid positions 10 and 

11 (RQ10NK) switched the WNV 

NS1 expression pattern which 

resembledDENV NS1 with 

markedly reduced surface 

expression. 

 

 

RQ10NK mutant, 

. 

 Expression pattern of DENV-2 

NS1 is similar to that of WNV 

NS1 with increased surface 

expression. 

DENV 2 56-57 
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5) aa 225-245   Found to be conserved in NS1 of 

DENV 1,2,3 & 4 

DENV-1,2,3,4 58 

6) Two N-glycosylation sites 

at Asn130 and Asn207 

 Removal of 

either one or 

both 

glycosylation 

sites 

 Asn130Ala  

 

 

 Decreased NS1 secretion and virus 

yield in case of DENV, WNV, 

YFV and reduced invasion of the 

central nervous system in mice. 

 DENV 1 unable to replicate in 

vero,Huh-7 and C6/36 cell lines. 

 59-61,163 

 

7) the central β-roll domain 

(aa 1–29) 

 

forms the inner-facing 

hydrophobic face that 

interacts with lipids 

 The hydrophobic protrusion 

(greasy finger) between the β-roll 

and the wing domains facilitates 

 29 
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NS1 interaction with the 

membrane of the ER and viral 

proteins, such as NS4A and NS4B, 

that are essential for viral 

replication. 

8) The wing domain  

   (aa 30–180) 

  The C-terminal tip of the β-ladder 

along with the wing domain are the 

most antigenic regions and contain 

the most frequently identified 

epitopes of the NS1 hexamer. 

 This wing domain contain two 

glycosylation sites Asn130 and 

Asn175  

 29 

9) 111-121   This region is conserved across 

DENV-1 and DENV-2 viruses. 

DENV-1 and 

DENV-2 

62 
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Table 1.6 : The list of some important regions of dengue NS1 protein and their significance. 

_________________________________________________________________________________________________________________ 

10)  aa 101-135   multiple epitopes lie in this region. 

 Exposed region in both dimeric 

and hexameric form of NS1. 

DENV-1,2,3 63-64 
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1.10 DIAGNOSIS OF DENGUE: AN OVERVIEW 

The most sensitive and specific diagnostic procedure for detection of dengue infection is RT-PCR 

from blood, serum or plasma samples. RT-PCR method uses a set of primers against conserved 

region of the virus and is found to be rarely positive for dengue after 6 days of illness. Fluorescence 

based real time RT-PCR and multiplex RT-PCR that can identify different DENV serotypes have 

been developed. Nucleic acid sequence-based amplification (NASBA) is another technique which 

uses a single reaction mixture at a constant temperature and is both highly sensitive(98%) and 

specificity (100%). 

Another method of early diagnosis targets the secretory NS1 protein of dengue and NS1 is present 

in the peripheral circulation up to 9 days after onset of illness. That is why commercial NS1 ELISA 

kits are developed (65).(Table 1.7) 

Type  Name of the techiques 

Detection of virus Viral isolation from mosquitoes 

Viral isolation from cell culture 

Viral RNA RT-PCR and real time RT-PCR 

Viral antigen detection (NS1) 

NASBA 

Antibody detection IgM against E protein 

IgG 

Antigen and antibody combined detection NS1 and IgM 

NS1 and IgM/IgG 

 

Table 1.7 List of some common diagnostic procedures available for dengue (65) 
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It is very important to predict severe dengue which does not show any symptoms in order to give 

best supportive care. So we need to identify correct biomarkers for dengue fever (DF),dengue 

hemorrhagic fever (DHF),dengue shock syndrome (DSS). Deaths due to severe dengue can be 

prevented if possible biomarkers are identified beforehand and that is why it is necessary to list 

those biomarkers which can predict severe dengue. Some of the biomarkers reported so far are 

therefore listed below: 

Type Name of some common biomarkers 

Severe 

dengue 

1.Plasma proteins such as PFKFB4, TPM1, PDCL3, and PTPN20A were highly 

expressed(66). 

 

2.Mast cell activation and increased amount of urinary 

histamines.Thrombocytopenia. Among the immune activation marker elevated 

levels of IL-6, IL-10, IFN-γ, MIF, CCL-4 and complement proteins like C3a, C5a. 

Increased level of proteases such as tryptase and chymase also serve as biomarkers 

of severe dengue.Among the endothelial activation marker, increased levels of 

VEGF, VEGFRI which are permeability mediators. Increased levels of 

Angiopoietin 2 and von Willebrand factor(67-68). 

3.Nitric oxide levels were found to be higher in DF patients compared to DHF 

patients (69). 

4.Higher level of NS1 protein have been found to higher in case of DHF rather 

than DF(70). 

5. Increased levels of soluble receptors like IL-1Ra were found in fatal dengue 

cases (71). 
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6. Higher levels of mRNA coding for CFD, MAGED1, FCGR3B, PSMB9 and 

PRDX4 can lead to severe dengue. The main limitation of this study is that sample 

number was low(72). 

 

Table 1.8 Name of some common biomarkers of severe dengue 

 

1.11 DENV ANTIVIRALS AND VACCINES : AN OVERVIEW  

1.11.1 Antivirals against DENV 

A significant global health problem is dengue. One of the studies reported about some potential 

compounds for treatment of dengue virus but excluded natural products that are available. The 

list of some important antivirals isgiven below in the Table (73) (Table 1.9). 

Name of the compound State of action serotypes 

1.Peptide 1 

(FWFTLIKTQAKQPARYRRFC) 

 

Designed to displace region of 

domain II hinge of E protein 

DENV 1-4 

2. Peptide 2 

(MAILGDTAWDFGSLGGVFT 

SIGKALHQVFGAIY) residues 

412-144  E protein stem region of 

DENV 

Reduces infectivity of all 4 

serotypes by 50% 

DENV 1-4 

3. Curdlan sulfate Binds to the interface between 

domain II and domain III of E 

glycoprotein. Low anticoagulant 

activity 

DENV 2,3 
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4.MLH 40 conserved ectomain 

region of M protein 

Blocks viral entry in all four 

serotypes 

DENV1-4 

5.DENV2 specific human 

Monoclonal antibody 2D22 

Binds all three main domains of 

E protein and locks both end of 

its dimer 

DENV-2 

6. Ab513 Binds to domain III of E 

glycoprotein. 

DENV1-4 

7.ST-148-Protein-protein interaction 

stabilizer 

Ligand of dengue virus capsid 

protein and effective against all 

4 serotypes 

DENV1-4 

8. Ivermectin and Suramin Inhibition of Flavivirus helicase 

unwinding activity 

 

9.Aprotinin (bovine pancreatic 

trypsin 

inhibitor, BPTI -58 amino acid 

polypeptide. 

Inhibit DENV NS2B-NS3 

protease 

 

10. Compound 37 a small molecule 

inhibitor 

Inhibit DENV protease against 

all four serotypes with moderate 

cytotoxicity(CC50=67.3μM ) 

DENV1-4 

11.Compound 47 Reduced viral replication by 

disrupting NS3-NS4B complex 

in all serotypes 

DENV1-4 

 

Table 1.9: List of some common antiviral(73) 

_____________________________________________________________________________ 
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1.11.2 Vaccines against DENV 

Vaccines can prevent infectious diseases. Since dengue has four serotypes, it is challenging to 

produce vaccines that can be effective against all these serotypes. The first licensed vaccine in the 

World is Dengvaxia (CYD-TDV), developed by Sanofi Pasteur (Lyon, France). This vaccine is a 

tetravalent chimeric vaccine. This is prepared using prM and E genes from virulent DENV strains 

substituted into the backbone of the yellow fever 17D vaccine strain. The phase III efficacy trials 

have been conducted in Latin America and Asia. It was 50.3% effective for DENV1, 42.3% for 

DENV2, 74.0% for DENV3, and 77.7% for DENV4 in Latin America, whereas in Asia, the 

average vaccine efficacy was 56.5%. Dengvaxia was found to induce severe dengue in 

seronegative individuals through ADE and protect individuals between age 9-45 years (74). The 

chart given below represents selected strategies for the prevention of dengue: 

Name of the vaccine Target region of 

gene 

 The current state References 

1.Dengvaxia prM and E licensed 74-78 

2.TDV (live chimeric 

vaccine) 

prM and E Phase II trial 

Pre-clinical and clinical trial 

79-81 

3.Vaccine(EDIII 

region based vaccine) 

EDIII Pre-clinical  82-87 

4. NS1 protein based 

vaccine 

NS1 New immunization 

procedure discovered 

88-92 
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5.Transmission 

blocking immunization 

strategies 

C-type lectin-

based strategy 

 

 

New immunization 

procedure discovered 

93 

 

Table 1.10 Name of some common vaccines against DENV. 
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Chapter 2 

Molecular Epidemiology- Screening of 

clinical isolates and vector samples for 

presence of both dengue and Zika virus. 
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2.1 INTRODUCTION 

Dengue (DENV) and Zika(ZIKV) are the major arthropod-borne viral diseases and have become 

the primary public health concern during recent times. Endemicity, morbidity and mortality are 

associated with the diseases caused by these two viruses. These two positive-sense, single-stranded 

RNA (ssRNA) viruses belong to the family Flaviviridae and are the causative agents of both 

dengue and Zika fever. The bite of the female mosquito of the Aedes species, principally Aedes 

aegypti and, to a lesser extent, Aedesalbopictus spread both of these viruses. The primary vector 

for dengue is Aedes aegypti mosquito, and the virus transmitted to humans through the bites of 

infected female mosquitoes. The incubation period for this virus is around 4-10 days after which 

an infected mosquito is capable of carrying the virus for the rest of its life. The leading carriers 

and multipliers of the virus are infected symptomatic and asymptomatic humans, who serve as the 

source of the virus for uninfected mosquitoes. Dengue virus infected patients can transmit the 

infection (for 4–5 days; maximum 12days ) via Aedes mosquitoes after their first symptoms appear. 

Urban habitats are the living place for Aedes aegypti mosquito and it breeds mostly in human-

made containers. The peak biting period of Aedes aegypti is early in the morning and in the evening 

before dusk. During each feeding period, female Aedes aegypti can bite multiple people at the 

same time. DENV causes dengue fever (DF), dengue haemorrhagic fever (DHF) and the more 

severe dengue shock syndrome (DSS). The diseases,dengue and Zika tend to produce similar 

clinical outcomes mainly during the acute phase hindering clinical diagnosis and lack of 

appropriate case management and sometimes triggering fatal events (94). ZIKV causes Zika fever, 

which shows a mild form of influenza-like symptoms but, if ZIKV spreads from a pregnant woman 

to her child, this can result in microcephaly, severe brain malformations and other congenital 

disabilities. In rare cases, ZIKV infection causes Guillain–Barre syndrome (GBS) with acute 
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inflammatory demyelinating neuropathy (95). It has also been reported earlier that ZIKV can be 

transmitted through blood transfusions and sexual encounters including oral, vaginal and anal 

routes from an infected person (96). 

The historical data for these diseases are well documented. Several studies have suggested that 

infection caused by these two viruses has increased dramatically in recent years. The authors 

believe that the actual number of incidents might be even higher because of under-reporting of 

cases and misclassification of the viruses (97-99). Many parts of India are endemic for DENV 

infection and a sharp increase in the number of dengue cases has recently been reported (98). Still 

today no specific antiviral is available against dengue. High burden of disease in some tropical 

countries convinced WHO to recommend the introduction of the first dengue vaccine, Dengvaxia 

(CYD-TDV), developed by Sanofi Pasteur, but this vaccine was found to be partially effective and 

does not provide full protection against DENV infections (100,101). Vector-borne diseases like 

dengue and Zika have become a significant threat in Southeast Asian countries, including India, 

due to ever-increasing urbanisation (102), the tropical climate and poor waste management (103). 

DENV and ZIKV infections require the same type of environmental conditions, including 

transmission by Aedes mosquitoes. 

DENV has four serotypes, namely DENV 1–4, which form different phylogenetic groups based 

on their nucleotide sequence differences. All four serotypes reported in India and the serotype 

prevalence associated with dengue outbreak also shifts from one serotype to another. Recent 

studies reported the presence of more than one serotype in dengue patients, for example, Reddy et 

al. in 2017 said concurrent infections with serotypes 1 and 3 in northern Kerala, India while Afreen 

N et al. in 2014 detected serotype 1,2 and 3 in New Delhi, India. Another study by Sarkar et al. in 

2010 identified serotypes 1,2 and 3 with serotype 2 being predominant, and one of these studies 
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showed that the majority of DHF cases were associated with mixed DENV infection (104-106). 

The capital of West Bengal is Kolkata, one of the most densely populated cities of India. This city 

has issued reports of dengue outbreaks for more than 50 years (107).  

In Kolkata severe outbreaks were reported in the years 2005, 2008 and 2012 (108-111). The reports 

described the changing pattern of dengue serotype with more than one serotype in circulation and 

also revealed the incidences of co-infection of dengue serotypes (106,110). A recent study showed 

that DENV1 and DENV2 were identified at a steady rate from 2008 to 2012 but, interestingly, 

DENV4 infection has gradually decreased whereas DENV3 has increased over that period and an 

outbreak with the latter was predicted (106). These observations indicate that ongoing surveillance 

is necessary to assess the risk associated with public health. Reports of DENV detection in Aedes 

mosquitoes have emerged from various geographical locations around India including Delhi, 

Rajasthan, Tamil Nadu and Assam (112-116). However, to the best of our knowledge, no such 

work had been published regarding Kolkata. All these previously reported works used either direct 

or indirect fluorescent antibody testing (FAT) using dengue-specific monoclonal antibodies for the 

detection of DENV. Such tests often give either false-positive or negative results. Several studies 

from other countries, including Malaysia and Brazil, have reported the molecular detection of 

DENV from Aedes larvae (117,118), but no such reports are available from India. Three positive 

cases of ZIKV infection from the western part of India were reported recently (119).Twelve 

Southeast Asian countries had already reported Zika outbreaks, and India being a neighbouring 

country is definitely at risk (120). The environmental conditions involved, including transmission 

by Aedes mosquitoes, are similar for both DENV and ZIKV, so it is essential to be vigilant 

concerning the spread of ZIKV infection in India. It has been emphasized repeatedly that risk 

assessment for ZIKV should be considered a priority and that the country should be well prepared 
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to face the challenge in combatting ZIKV infection if there were to be an outbreak in the future 

(120, 121). Therefore, the present study was undertaken to explore, at a pilot scale, the role of the 

vector and human host prevalence of these two critical Flaviviruses, i.e. DENV and ZIKV, in 

Kolkata, which is a densely populated and dengue-endemic city. We screened patients coming to 

the outdoor clinic at Calcutta National Medical College and Hospital, Kolkata (CNMC) with 

dengue-like fever symptoms, by ELISA, and characterised the viruses by RT-PCR and sequencing 

thereby confirming their serotypes. These and additional NS1-positive sera samples were screened 

for ZIKV infection by two RT-PCRs. A cohort of Aedes mosquito adults (n=8) and larvae (n=12) 

was tested individually by RT-PCR to determine whether they were carrying DENV or ZIKV. 

 

   2.2 METHODS 

    2.2.1 Study subjects 

Approximately 2 ml of blood was collected from patients presenting with dengue-like fever 

symptoms at the Outdoor Clinic, CNMC, for routine diagnosis. Serum was obtained from these 

patient samples and tested for DENV infection by DENV NS1 antigen detecting ELISA. Around 

seventy ELISA-positive serum samples were collected during 2015–16 and stored at -80C until 

further analysis. 

2.2.2 Mosquito and larval samples 

Under the Public Health Program of the Maelstrom Educational Empowerment Trust (MEET), 

Kolkata mosquitoes and larvae were collected during July–September 2016. Mosquitoes were 

collected from Jadavpur (samples A8– A10) and Salt Lake (samples A12–A16) in Kolkata, areas 

16 km apart. The larvae were collected from Salt Lake (samples L6–L12) and Park Circus (samples 

L28–L34) in Kolkata, which are 11 km apart. Based on their morphological characteristics, 
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mosquitoes and larvae were examined microscopically and identified (121) and, following correct 

identification, insect samples were stored at -80C before further processing. 

 

    2.2.3 Testing human sera samples for DENV NS1 by ELISA 

ELISA was performed (as per the manufacturer’s instruction) on sera using the dengue NS1 

Antigen Microlisa (J. Mitra and Co., Ref No: IR031048) to detect DENV NS1. This ELISA is 

based on the “Direct Sandwich” Principle where the wells are coated with Anti dengue NS1 Ab. 

The samples are added in the wells followed by addition of enzyme conjugate (monoclonal anti-

dengue NS1 antibodies linked to Horseradish Peroxidase (HRPO)). A sandwich complex is formed 

in the well wherein dengue NS1 (from serum sample) is “trapped” or “sandwiched” between the 

antibody and antibody HRPO conjugate. Unbound conjugate is then washed off with wash buffer. 

The amount of bound peroxidase is proportional to the concentration of dengue NS1 antigen 

present in the sample. Upon addition of the substrate buffer and chromogen, a blue colour 

develops. The volume used in each case was 50 μl. For each sample results were confirmed by 

repeating ELISA twice. 

 

     2.2.4 Processing of mosquito and larva samples 

Trituration of the individual mosquitoes and larvae was performed using lysis buffer 

[containing1% SDS and 100μgml-1 Proteinase K (Sigma) in 1X PBS]. Ten glass beads of 1.0mm 

diameter were added to the solution to help the trituration. The samples were manually triturated 

using the autoclaved plastic pestle and vortexed briefly, followed by incubation at 37C for 45 min 

with shaking, and further vortexing after digestion. Samples were centrifuged at 4000 g for 2 min. 

The supernatants were collected and added to Trizol for RNA extraction. 
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2.2.5 RNA extraction 

Total RNA from all processed mosquito and larva sample was extracted using TRIzol reagent 

(Invitrogen) with phase lock gel tubes. Total RNA from sera was extracted using the High Pure 

Viral Nucleic Acid Kit (Roche) following the manufacturer’s instructions. The concentration and 

purity of RNA were checked using spectrophotometry (Nanodrop One). 

 

2.2.6 RT-PCR 

cDNAs were prepared from total RNA using the Superscript III RT kit (Invitrogen). For the 

detection of DENV, 20 (of the 70) NS1-positive human sera and all adult mosquito (n=8) and larva 

(n=12) samples were used. DENV RT-PCR was carried out as described by Lanciotti et al., with 

slight modifications (122). Previously reported sets of primers that were used by Lanciotti et al., 

the first-round D1D2 PCR (D1 as forward and D2 as reverse primer) was carried out in a similar 

manner (122). However, for the second-round PCR, rather than carrying out a single-tube nested 

PCR for all serotypes as reported by Lanciotti et al (122), individual semi-nested PCRs were 

carried out using D1 (first-round PCR forward primer) and reverse primer specific for individual 

serotypes (TS1/2/3 or TS4). The reverse primers TS1, TS2, TS3 and TS4, were used to amplify 

the DENV1, 2, 3 and DENV4 serotypes, respectively. Therefore, separate hemi-nested PCRs for 

the four DENV serotypes were performed for each of the samples. Two previously published 

ZIKV-specific RT-PCRs were carried out, based on the ZIKV ENV (123) and ZIKV NS5 gene 

sequences (124), on all 70 human sera samples as well as the 20 vector samples. The primer 

sequences were listed below in (Table 2.1). Primers for ENV gene-based PCR were ZIKVENVF 

and ZIKVENVR Primers for ZIKV NS5 gene-based PCR were ZIKVF9027 and ZIKVR9197. 

PCR products were resolved using 1% agarose gel electrophoresis. PCR bands of the correct size 
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were either gel purified (Qiagen Gel Extraction kit, Germany) or PCR purified (Qiagen PCR 

Purification kit, Germany) before DNA sequencing. 

 

Primer Sequence Size in bp 

of amplified 

DNA product 

D1 5-TCA ATA TGC TGA AAC GCG CGA GAA ACC G -3 511 

D2 5-TTG CAC CAA CAG TCA ATG TCT TCA GGT TC-3 511 

TS1 5-CGT CTC AGT GAT CCG GGG G-3 482 

TS2 5-CGC CAC AAG GGC CAT GAA CAG-3 119 

TS3 5-TAA CAT CAT CAT GAG ACA GAG C-3 290 

TS4 5-CTC TGT TGT CTT AAA CAA GAG A-3 392 

ZIKV ENVF 5-GCT GGD GCR GAC ACH GGR ACT-3 300 

ZIKV ENVR  5-RTC YAC YGC CAT YTG GRC TG-3 300 

ZIKVF9027 5-CCT TGG ATT CTT GAA CGA GGA-3 189 

ZIKVR9197 5-AGA GCT TCA TTC TCC AGA TCA A-3 189 

  

Table 2.1: Oligo nucleotide primers that were used to amplify and type dengue viruses and Zika 

viruses 

 

2.2.7 SEQUENCING 

Nucleotide sequences were confirmed by bi-directional sequencing of the purified PCR products 

using the same primers used for PCR. DNA sequences of positive samples were subjected to NCBI 
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BLAST for confirmation of identity. Sequences confirmed by overlapping reads from at least one 

forward and one reverse primer were aligned using CLUSTALW (126). Closely related reference 

sequences used in the multiple alignments were identified by BLAST search using the virus 

sequences determined in this study. GenBank accession numbers of the reference sequences are 

shown in the first column of the respective multiple alignments. The DENV sequences (>200 

nucleotides) reported in this study were submitted to GenBank. 

 

2.3 RESULTS 

2.3.1 Identification of mosquito and larva samples and screening for DENV and 

ZIKV in these samples. 

The mosquito and larva samples were collected during 2015-16. Based on morphological 

characteristics as previously described adults and larvae were identified as Aedes mosquitoes by 

microscopical examination (122). Five of eight (63%) mosquito samples and eleven of twelve 

(92%) larva samples were DENV-positive (DENV3) by D1-TS3 nested PCR. But no D1D2 PCR 

products were visible in the gel in any vector samples examined in this current study (Table 2.2).  
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Sl 

No 

Mosquito 

And 

Larvae 

samples 

Zika 

Env 

PCR 

(300bp) 

Zika  

NS5 

PCR 

D1D2 

PCR 

DENV1  

(D1-

TS1) 

PCR 

DENV2  

(D1-

TS2) 

PCR 

DENV3 

 (D1-

TS3) 

PCR 

DENV4 

 (D1-

TS4) 

PCR 

DENV 

serotypes  

confirmed  

by DNA 

sequencing 

1 A8 - - - - - + - DENV3 

2 A9 - - - - - + - DENV3 

3 A10 - - - - - + - DENV3 

4 A12 - - - - - - - N/A 

5 A13 - - - - - - - N/A 

6 A14 - - - - - + - DENV3 

7 A15 - - - - - + - DENV3 

8 A16 - - - - - - - N/A 

 

1 L6 - - - - - + - DENV3 

2 L7 - - - - - + - DENV3 

3 L8 - - - - - + - DENV3 

4 L9 - - - - - + - DENV3 

5 L10 - - - - - + - DENV3 

6 L11 - - - - - - - N/A 

7 L12 - - - - - + - DENV3 

8 L28 - - - - - + - DENV3 



54 

 

 

Prefix A and L indicate adult mosquito and larva samples respectively. Five of eight (63%) 

mosquito samples and eleven out of twelve (92%) larva samples were DENV-positive (DENV3). 

Table 2.2: Individual screening of Aedes mosquitoes (adults and larvae) by ZIKV and DENV 

specific PCRs 

 

2.3.2 Detection and characterization of DENV in human sera samples obtained 

from various febrile individuals. 

Out of the 70 human serum samples, twenty DENV NS1-positive human sera were used for the 

detailed molecular study. Eleven of 20 (55%) samples, including 24ZD, 37ZD, 41ZD,42ZD and 

44ZD were positive by first-round DENV-PCR (using D1 and D2 primers) and produced visible 

bands of the expected length (511 bp) (Figure 2.1) (Table 2.3). Of the remaining nine human 

samples (in which the D1-D2 PCR product was not visible), seven proved to be DENV-positive 

by serotype-specific second-round nested PCR as were previously reported by Lanciotti 

et.al(Table 2.3). Representative first- and second-round DENV-specific PCR products with their 

respective band size (in bp) are shown in (Figure. 2.2). Overall, ten human samples were PCR-

positive for DENV3, nine for DENV2, four for DENV1 and none for DENV4 (Table 2.3). In total, 

eighteen out of twenty DENV NS1-positive human serum samples were DENV RNA-positive. 

The DENV serotypes were confirmed by sequencing the 511 bp D1-D2 bands as well as by 

serotype-specific nested PCR bands, wherever feasible (Fig. 2.3 a–d; Tables 2.2 and 2.3).

9 L31 - - - - - + - DENV3 

10 L32 - - - - - + - DENV3 

11 L33 - - - - - + - DENV3 

12 L34 - - - - - + - DENV3 
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Sl No NS1+ive 

human sera 

samples 

Zika Env 

PCR 

(300bp) 

Zika  

NS5 

PCR 

D1D2 

PCR 

DENV1  

(D1-TS1) 

PCR 

DENV2 

(D1-TS2) 

PCR 

DENV3 

(D1-TS3) 

PCR 

DENV4 

(D1-TS4) 

PCR 

DENV 

serotypes  

confirmed  

by DNA 

sequencing 

1 1D - - + - - + - DENV3 

2 2D - - + - - + - DENV3  

3 4D - - + - - + - DENV3  

4 7D - - + - - + - DENV3  

5 9D - false + + + - - - DENV1 

6 24ZD - false + + + + + - DENV1, 

DENV2, 

DENV3 

7 27ZD - - - - - + - DENV3 

8 30ZD - false+ - faint + - - - DENV1 
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9 35ZD  - - + + - - - DENV1 

 

10 36ZD - - - - + + - DENV2, 

DENV3 

11 37ZD - - + - + - - DENV2 

12 38ZD - - - - - + - DENV3 

Sl No NS1+ive 

human sera 

samples 

Zika Env 

PCR 

(300bp) 

Zika  

NS5 

PCR 

D1D2 

PCR 

DENV1  

(D1-TS1) 

PCR 

DENV2 

(D1-TS2) 

PCR 

DENV3 

(D1-TS3) 

PCR 

DENV4 

(D1-TS4) 

PCR 

DENV 

serotypes  

confirmed  

by DNA 

sequencing 

13 39ZD - - - - + + - DENV2, 

DENV3 

14 41ZD - - + - + + - DENV2, 

DENV3 

15 42ZD - - + - + - - DENV2 
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16 43ZD - - - - + - - DENV2 

17 44ZD - - + - + - - DENV2  

18 45ZD - - - - + - - DENV2 

19 23ZD - - - - - - - NA 

20* 40ZD - - - - - - - NA 

PCR-

positive 

 0 

 

0 11 

(55%) 

4 

(20%) 

9 

(45%) 

10 

(50%) 

0 

(<5%) 

DENV 

mixed 

infections 

4 (20%) 

 

*Another 50 DENV NS1-positive human sera were also screened by two ZIKV-specific PCRs and were found ZIKV-negative. 

Table 2.3: Individual screening of NS1-positive human sera by ZIKV and DENV-specific PCRs 
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Figure 2.1: Representative gel electrophoresis depicting DENV-specific first round RT-PCR 

products (511 bp) using D1 and D2 forward and reverse primers respectively. L1-L8 :First round 

RT-PCR products (511 bp) using D1 and D2 forward and reverse primers. M: Represents 

molecular weight marker L9-L15: First round RT-PCR products (511 bp) using D1 and D2 

forward and reverse primers. L16: Negative control with nuclease-free water with the D1-D2 

primer pair. 

______________________________________________________________________________ 

23ZD  24ZD  27ZD  30ZD 35ZD  36ZD   37ZD  38ZD     M     39ZD  40ZD  41ZD  42ZD  43ZD  44ZD  45ZD   NC   

100 bp

200 bp

300 bp

400 bp

500 bp

650 bp

511 bp

Fig. 1 (a)

511bp 

L1    L2    L3   L4    L5    L6    L7    L8   L9 M      L10    L11   L12  L13  L14  L15  L16 L17 

      24ZD                                        37ZD                                     41ZD  42ZD         44ZD                                   
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Figure 2.2: Representative gel electrophoresis depicting DENV-specific PCR products. 

RT-PCR was done on all the samples using D1 and D2 as forward and reverse primers 

respectively. The second round hemi-nested PCR was carried out using serotype-specific reverse 

primers on the 1:100 diluted first round RT-PCR products. Gel electrophoresis was done using 

1% agarose gel. L1-L3: DENV1-specific hemi-nested PCR products (482 bp) using D1-TS1 primer 

pair.  L4: Negative control with nuclease-free water with the D1-TS1 primer pair.L5-L7: DENV2-

specific hemi-nested PCR products (119 bp) using D1-TS2 primer pairs. L8: Negative control with 

nuclease-free water with the D1-TS2 primer pair. L9-L11: DENV3-specific hemi-nested PCR 

products (290 bp) using D1-TS3 primer pair.  L12: Negative control with nuclease-free water with 

the D1-TS3 primer pair. M: Represents the molecular weight marker.L13-L16: First round RT-

PCR products (511 bp) using D1 and D2 forward and reverse primers respectively. L16 and L17 

represent D1-D2 negative PCRs, which upon hemi-nested DENV serotype-specific PCRs 

produced bands of expected length (eg. 27ZD, 35ZD and 43ZD).L17: Negative control with 

nuclease-free water with the D1-D2 primer pair. 
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2.3.2 Sequence analysis of human serum, mosquito and larvae samples for 

identification and characterization of particular strain specific mutations. 

Three samples (36ZD, 39ZD and 41ZD) showed evidence of mixed infection with DENV2 and 

DENV3, while one sample (24ZD) showed mixed infection with DENV1-3 (Table 3). DENV1 

sample 35ZD showed amino acid changes Asn 96 (AAC) to Thr (ACC) and Leu 106 (CTC) to Phe 

(TTC) in the capsid protein C region, when compared to the DENV1 reference, strains shown in 

the nucleotide alignment (Figure.2.3a). Samples 9D, 30ZD and 35ZD all showed the amino acid 

change Ser129 (AGC) to Thr (ACC) in the Flavivirus polyprotein pro-peptide region relative to 

the reference strains (Figure. 2.3a). DENV2 samples 24ZD, 41ZD and 44ZD showed Val163 

(GTC) to (ATC) change, as evident from the aligned partial sequences in the Flavivirus polyprotein 

pro-peptide region (Figure. 2.3b).This is a polymorphism when compared to the DENV2 reference 

sequence JX47590, and was also observed in the case of the other DENV2 reference strain, 

JQ922549. The amino acid numbering mentioned above accords with the amino acid sequence of 

the DENV polyprotein of the reference sequences used in the alignment. DENV3 isolates showed 

no amino acid change in the aligned region (Figure. 2.3d).  

 

 2.3.3 Detection and characterization of ZIKV in Human sera samples obtained 

from various febrile Individuals. 

All mosquito (n=20) and human samples (n=70) were negative for ZIKV by both NS5 and ENV 

gene-based PCR, within the limits of detection of PCR analysis (Figure 2.4)(Tables 2.2 and 2.3). 

Three human samples, 9D, 24ZD and 30ZD, produced false-positive bands when subjected to 

ZIKV NS5 gene-based PCR. The above bands were, however, faint but visible (Figure 2.5) (a 

representative data is shown). Therefore, three replicate PCR products of each of these three 
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samples were subjected to concentration-cum-purification using a single Qiagen PCR purification 

column. Sequencing the combined elute revealed that the gene amplified was part of DENV1 NS5 

and not the ZIKV NS5 gene (Figure. 2.6).Sample 30ZD also produced a faint band on DENV1-

specific nested PCR. Therefore, the same strategy of PCR product concentration, as mentioned 

above, was adopted and the combined final elute, on sequencing, yielded the DENV1 sequence 

(Figure. 2.6). The accession numbers of sequences submitted to GenBank are included in the 

several serotype-specific sequence alignment figure legends (Figure. 2.3a-d). 

 

Figure 2.3: (a)Multiple sequence alignment of D1-TS1 PCR products with other DENV1 

sequences. The latter sequences were identified by BLAST search and shown with their GenBank 

accession numbers in the alignment. The numbering of the nt positions pertain to nt positions 173-

10        20        30        40        50        60        70        80        90       100                  

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV1_JN903580 GAAGAGATTCTCAAAAGGATTGCTTTCAGGCCAAGGACCCATGAAAATGGTGATGGCTTTCATAGCATTCCTAAGATTTCTAGCCATACCTCCAACAGCA

DENV1_KX225487 ........................C.................................................................C.........

DENV1_JN903581 ....................................................................................................

DENV1_KM403635 ........................C.................................................................C.........

9D            .........T................................................................................C.........

35ZD           .........T............................................................T........T..........C.........

30ZD           .........T................................................................................C.........

110       120       130       140       150       160       170       180       190       200         

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV1_JN903580 GGAATTTTGGCTAGATGGAGCTCATTCAAGAAGAATGGAGCGATCAAAGTGTTACGGGGTTTCAAAAAAGAGATCTCAAGCATGTTGAACATAATGAACA

DENV1_KX225487 ....................................................................................C...............

DENV1_JN903581 ....................................................................................................

DENV1_KM403635 ....................................................................................C...............

9D            ....................................................................................C...............

35ZD           ....................................................................................C............C..

30ZD           ....................................................................................C...............

210       220       230       240       250       260       270       280       290       300         

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV1_JN903580 GGAGAAAAAGATCCGTGACCATGCTCCTCATGCTGCTGCCCACAGCCCTGGCGTTCCATTTGACCACACGAGGGGGAGAGCCACACATGATAGTTAGCAA

DENV1_KX225487 ....................................................................................................

DENV1_JN903581 ....................................................................................................

DENV1_KM403635 ....................................................................................................

9D            .........................T................................C.....................................C...

35ZD           .........................TT...............................C......C..................C...........C...

30ZD           ..........................................................C.....................................C...

310      

....|....|....|....

DENV1_JN903580 GCAGGAAAGAGGAAAGTCA

DENV1_KX225487 ...................

DENV1_JN903581 ...................

DENV1_KM403635 ...................

9D            ...................

35ZD           ...................

30ZD           ...................

Fig.  2 (a) 

Asn96(AAC)

Thr(ACC)

Leu 106(CTC) Phe(TTC)

Ser 129(AGC)

Thr(ACC)

173

491
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491 as in dengue virus 1 isolate D1/IN/RGCB585/2009 (accession number JN903580). The 

alignment excludes D1 and TS1 primer sequences. The nt sequence similarity of the three samples 

ranged from 96-98% with reference to the aforesaid DENV1 isolate (JN903580). The GenBank 

accession numbers for 9D, 30ZD and 35ZD are MG569906, MG569908 and MG569907 

respectively. 

 

Figure 2.3: (b) Multiple sequence alignment of D1-D2 PCR products with other DENV2 

sequences. The numbering of the nt positions pertain to nt positions 134-644 as in dengue virus 2 

isolate 1392 (accession number JX475906). D1 and D2 primer regions have been marked 

(underlined) at the beginning and end of the alignment respectively. The nt sequence similarity of 

the four samples ranged from 99-100% with reference to the aforesaid DENV2 isolate (JX475906). 

The GenBank accession numbers for 24ZD, 41ZD and 44ZD are MG569912, MG569913 and 

MG569914 respectively. 

 

Fig. 2 (b)
10        20        30        40        50        60        70        80        90        100            

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV2_JX475906 TCAATATGCTGAAACGCGAGAGAAACCGCGTGTCGACTGTGCAACAGTTGACAAAGAGATTCTCACTTGGAATGCTGCAGGGACGAGGACCATTGAAACT

DENV2_JQ922549 ...............................................C.................................AC.A......G.....C..

24ZD           ----------------------------------------------------------------------------------------------------

37ZD           ----------------------------------------------------------------------------------------------------

41ZD           ----------------------------------------------------------------------------------------------------

44ZD           ----------------------------------------------------------------------------------------------------

110       120       130       140       150       160       170       180       190       200         

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV2_JX475906 GTTCATGGCCCTGGTGGCATTCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATACTGAAAAGATGGGGAACGATCAAAAAGTCAAAGGCTATCAAT

DENV2_JQ922549 ........G.T.................................................A................................C......

24ZD           ----------------------------------------------------------------------------------------------------

37ZD           ----------------------------------------------------------------------------------------------------

41ZD           -------------------------------.....................................................................

44ZD           ------------------------------------------------------------.......................................G

210       220       230       240       250       260       270       280       290       300         

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV2_JX475906 GTCTTGAGAGGCTTTAGGAAAGAGATTGGAAGGATGCTGAATATCTTGAATAGGAGACGCAGAACTGTAGGCATGATCATCATGCTGATTCCAACAGCGA

DENV2_JQ922549 ...........G..C..........................C.........................C....G...........................

24ZD           ----................................................................................................

37ZD           ----------------------------------------------------------------------------------------- ...........

41ZD           ....................................................................................................

44ZD           ....................................A...............................................................

310       320       330       340       350       360       370       380       390       400         

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV2_JX475906 TGGCGTTCCATTTAACCACACGCAATGGAGAACCACACATGATCGTCAGCAGACAAGAGAAAGGGAAAAGTCTCTTGTTTAAAACAGAGGATGGTGTGAA

DENV2_JQ922549 .........................C..........................................................................

24ZD           ....................................................................................................

37ZD           ....................................................................................................

41ZD           ....................................................................................................

44ZD           ....................................................................................................

410       420       430       440       450       460       470       480       490       500         

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV2_JX475906 CATGTGTACCCTCATGGCCATGGACCTTGGTGAACTGTGTGAAGACACAGTCACTTATAACTGTCCTCTTCTCAGGCAGAATGAACCA GAAGACATAGAC

DENV2_JQ922549 .................................................A...........................................T.....T

24ZD           .................................................A......... -----------------------------------------

37ZD           .................................................---------------------------------------------------

41ZD           .................................................A........... ---------------------------------------

44ZD           .................................................A......... -----------------------------------------

510 

....|....|.

DENV2_JX475906 TGCTGGTGCAA

DENV2_JQ922549 ..T.....T..

24ZD           -----------

37ZD           -----------

41ZD           -----------

44ZD           ----------- 644

134
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Figure 2.3:(c) Multiple sequence alignment of D1-TS2 PCR products with other DENV2 

sequences. The numbering of the nt positions pertain to nt positions 134-251 as in dengue virus 2 

isolate 1392 (accession number JX475906). D1 and TS2 primer regions have been marked 

(underlined) at the beginning and end of the alignment respectively. The nt sequence similarity of 

the sample sequences with the aforesaid DENV2 isolate (JX475906) was around 98% for all the 

samples except 45ZD (96%). 
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....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV2_JX475906 TCAATATGCTGAAACGCGAGAGAAACCGCGTGTCGACTGTGCAACAGTTGACAAAGAGATTCTCACTTGGAATGCTGCAGGGACGAGGACCATTGAAACT

DENV2_JQ922549 ...............................................C.................................AC.A......G.....C..

24ZD           ..................C.................................................................................

36ZD           ..................C............................C....................................................

37ZD           ..................C.................................................................................

39ZD           ..................C.................................................................................

41ZD           ..................C.................................................................................

42ZD           ..................C.................................................................................

43ZD           ..................C.................................................................................

44ZD           ..................C.................................................................................

45ZD           ..................C...............A............C...........................................G........

110      

....|....|....|...

DENV2_JX475906 GTTCATGGCCCTGGTGGC

DENV2_JQ922549 ........G.T.......

24ZD           ............T.....

36ZD           ............T.....

37ZD           ............T.....

39ZD           ............T.....

41ZD           ............T.....

42ZD           ............T.....

43ZD           ............T.....

44ZD           ............T.....

45ZD           ............T.....

251

134
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....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV3_JN940917TGTGTCAACTGGATCACAGTTGGCGAAGAGATTCTCAAAAGGATTGCTGAACGGCCAGGGACCAATGAAATTGGTCATGGCGTTCATAGCCTTCCTTAGA

DENV3_JQ922557....................................................................................................

DENV3_DQ317393....................................................................................................

DENV3_KR087027....................................................................................................

DENV3_KU216209....................................................................................................

DENV3_KU216208....................................................................................................

DENV3_DQ469826...........................................................................T........................

DENV3_KF954949....................................................................................................

DENV3_KF954947....................................................................................................

DENV3_KF954945....................................................................................................

DENV3_FJ644564....................................................................................................

DENV3_GQ466079....................................................................................................

A8-MOS        ....................................................................................................

A9-MOS        ....................................................................................................

A10-MOS       ....................................................................................................

A14-MOS       ....................................................................................................

A15-MOS       ....................................................................................................

A16-MOS       ....................................................................................................

L9-LARVA      ....................................................................................................

L12-LARVA     ....................................................................................................

L28-LARVA     ....................................................................................................

L31-LARVA     ....................................................................................................

L32-LARVA     ....................................................................................................

L33-LARVA     ....................................................................................................

L34-LARVA     ....................................................................................................

1D            ....................................................................................................

2D            ....................................................................................................

4D            ....................................................................................................

7D            ....................................................................................................

27ZD          ....................................................................................................

36ZD          ....................................................................................................

38ZD          ....................................................................................................

39ZD          ....................................................................................................

Fig. 2 (d) 
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110       120       130       140       150       160       170       180       190       200         

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

DENV3_JN940917TTTCTGGCCATTCCACCAACAGCAGGAGTTTTGGCCAGATGGGGAACCTTCAAGAAGTCGGGGGCCATTAAGGTCCTGAAAGGCTTCAAGAAGGAGATTT

DENV3_JQ922557...........................................................................................G......C.

DENV3_DQ317393...........................................................................................G......C.

DENV3_KR087027...........................................................................................G......C.

DENV3_KU216209..................................................................................................C.

DENV3_KU216208..................................................................................................C.

DENV3_DQ469826..........................................................................A.........................

DENV3_KF954949..........................................................................T.........................

DENV3_KF954947..........................................................................T.........................

DENV3_KF954945..........................................................................T.........................

DENV3_FJ644564....................................................................................................

DENV3_GQ466079....................................................................................................

A8-MOS        ....................................................................................................

A9-MOS        ....................................................................................................

A10-MOS       ....................................................................................................

A14-MOS       ....................................................................................................

A15-MOS       ..........................................................................T.........................

A16-MOS       ..........................................................................T.........................

L9-LARVA      ....................................................................................................

L12-LARVA     ..........................................................................T.........................

L28-LARVA     ..........................................................................T.........................

L31-LARVA     ..........................................................................T.........................

L32-LARVA     ....................................................................................................

L33-LARVA     ..........................................................................T.........................

L34-LARVA     ..........................................................................T.........................

1D            ....................................................................................................

2D            ....................................................................................................

4D            ....................................................................................................

7D            ..........................................................................T.........................

27ZD          ..........................................................................T.........................

36ZD          ....................................................................................................

38ZD          ....................................................................................................

39ZD          ..........................................................................T.........................

Fig. 2 (d) continued-1
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Figure 2.3(d): Multiple sequence alignment of D1-TS3 PCR products of vector and host samples 

with other DENV3 sequences. The numbering of the nt positions pertain to nt positions 153-369 

as in dengue virus 3 isolate Rajasthan India/Balotra 87-s/2013 (accession number KU216209). 

The alignment excludes D1 and TS3 primer sequences. Prefix A and L indicate adult mosquito and 

larva samples respectively. The nt sequence similarity of the twenty-one samples ranged from 99-

100% with reference to the aforesaid DENV3 isolate (KU216209).The GenBank accession 

numbers for DENV3 isolate, 4D is MG569910. In the alignment, A8-14; L9, L32; 1D, 2D, 36ZD 

and 38ZD share the same sequence (MG569911); same is true for A15, A16, L12, L28, L31, L33, 

L34; 7D, 27ZD and 39ZD (MG569909). 

 

210      

....|....|....|..

DENV3_JN940917CAAACATGTTGAGCATA

DENV3_JQ922557........C........

DENV3_DQ317393........C........

DENV3_KR087027........C........

DENV3_KU216209........C........

DENV3_KU216208........C........

DENV3_DQ469826........C........

DENV3_KF954949........C........

DENV3_KF954947........C........

DENV3_KF954945........C........

DENV3_FJ644564........C........

DENV3_GQ466079........C........

A8-MOS        .................

A9-MOS        .................

A10-MOS       .................

A14-MOS       .................

A15-MOS       ........C........

A16-MOS       ........C........

L9-LARVA      .................

L12-LARVA     ........C........

L28-LARVA     ........C........

L31-LARVA     ........C........

L32-LARVA     .................

L33-LARVA     ........C........

L34-LARVA     ........C........

1D            .................

2D            .................

4D            ........C........

7D            ........C........

27ZD          ........C........

36ZD          .................

38ZD          .................

39ZD          ........C........

Fig. 2 (d) continued-2
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Figure 2.4: Representative gel electrophoresis on 1.0% agarose gel depicting no amplification in 

the samples tested for ZIKV upper lanes  L1-L9 :ZIKV NS5 gene-specific PCR  using  ZIKVF9027 

AND ZIKVR9197 (189bp).M: Represents the molecular weight marker. L10-L18: ZIKV NS5 gene-

specific PCR using ZIKVF9027 AND ZIKVR9197 (189bp). L19: Negative control with nuclease-

free water with the ZIKV ENV F AND R primer pair. Lower lanes L1-L9 :ZIKVenvelope gene-

specific PCR  using ZIKV ENV F AND ZIKV ENV R(300bp) M: Represents the molecular weight 

marker. L10-L18: ZIKV envelope gene-specific PCR using ZIKV ENV F AND ZIKV ENV R(300bp) 

L19: Negative control with nuclease-free water using ZIKV ENV F AND R primer pair. 

 

 

L1        L2     L3       L4      L5      L6       L7     L8      L9       M        L10   L11    L12     L13   L14    L15    L16   L17     L18     L19 

L1        L2     L3       L4      L5      L6       L7     L8      L9       M     L10    L11    L12     L13   L14    L15    L16   L17     L18     L19 
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Figure 2.5. Representative gel electrophoresis on 1.0% agarose gel depicting ZIKV NS5 gene-

specific PCR showing false positive faint band for sample 9D.  L1-L5 : ZIKV NS5 gene-specific 

PCR using ZIKVF9027 AND ZIKVR9197 (189bp). Product of expected length (192 bp) was visible 

for human sample 9D though upon sequencing, it turned out to be of DENV1. M: represents the 

molecular weight marker. 

 

 

L1   L2   L3   L4  L5  M 
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Figure. 2.6: Multiple sequence alignment of ZIKA NS5 PCR positive products with other ZIKA 

and DENV sequences. The latter sequences were identified by BLAST search and shown with their 

GenBank accession numbers in the alignment. The numbering of the nt positions pertain to nt 

positions 9135-9332 as in Zika virus isolate EcEs089_16 (accession number KX879604). 

ZIKVF9027 and ZIKVR9197 primer regions have been marked (underlined) at the beginning and 

end of the alignment respectively. Stretch of “N” denotes part of the gene for which no sequence 

data could be retrieved from the sequence reads. 

 _____________________________________________________________________________ 

Fig. 3 

10        20        30        40        50        60        70        80        90        100                  

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|... .|

ZIKV_SN089_KX879604           AGCCCTTGGATTCTTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAA

ZIKV_SN062_KX879603           ............................................................................................... .....

ZIKV_ Brazil_2015_KX197192    ............................................................................................... .....

ZIKV_Paraiba_01_KX280026      ............................................................................................... .....

ZIKV_NC_012532                ........................C..T........A.....A..............A..C......T.A.....G........T.....CA.T. .....

ZIKV__MR766_AY632535 ........................C..T........A.....A..............A..C......T.A.....G........T.....CA.T......

ZIKV_VR10599_2016_KY003154    ............................................................................................... ....G

ZIKV_34997_Pavia_2016_KY003153............................................................................................... .....

DENV1_KX380806                .........C...A....T..A..C......T.CA.T..G.....T...CTCA....A..G.....AGAA...C....T.A...T.....CA.A. .CAG.

DENV1_JN903580_IND            .........C...A....T..A..C......T.CA.T..G.....T...CTCA....A..G.....AGAA...C..T.T.A...T.....CA.A. .CAG.

DENV1_JQ922544_IND            .........T...A....T..A.........T.CA.T........T...CTCA....A..G.....AGAA...C.G..C.A...T.....CA.A. .CAG.

DENV1_JQ922545_IND            .........C...A....T..A..C......T.CA.T........T...CTCA....A..G.....AGAA...C....C.A...T.....CA.A. .CAG.

DENV1_JN903578_IND            .........T...A....T..A.....T...T.CA.T........T...CTTA....A..G.....AGAA...C.G..C.A...T.....CA.A. .CAG.

DENV1_JN903579_IND            .........C...A....T..A..C......T.CA.T..G.....T...CTCA....A..G.....AGAA...C..T.T.A...T.....CA.A. .CAG.

9D --T.....................C......T.CA.T..G.....T...CTCA....A..G.....AGAA...C....T.A...T.....CA.A..CAG.

24ZD ---.....................C......T.CA.T..G.....T...CTCA....A..G.....AGAA...C....T.A...T.....CA.ANNNNNN

30ZD -------------------.....C......T.CA.T..G.....T...CTCA....A..G.....AGAA...C....T.A...T....NNNNNNNNNNN

110       120       130       140       150       160       170       180       190       

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|...

ZIKV_SN089_KX879604           GAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGT TTGATCTGGAGAATGAAGCTCTAAT

ZIKV_SN062_KX879603           ............................................................................................... ...

ZIKV_ Brazil_2015_KX197192    ............................................................................................... ...

ZIKV_Paraiba_01_KX280026      ............................................................................................... ...

ZIKV_NC_012532                ..A....A...GGC...........A......C................................T..T.A........................ G..

ZIKV__MR766_AY632535 ..A....A...GGC...........A......C................................T..T.A........................G..

ZIKV_VR10599_2016_KY003153    ............................................................................................... ...

ZIKV_34997_Pavia_2016_KY003153............................................................................................... ...

DENV1_KX380806                ..C..ATCAAAG..T.....G....AT...........C.....A.....A........AA.A..A.CAGA.GA......TC.......G...AA ...

DENV1_JN903580_IND            ..C..ATCAAAG..T.....G....AT...........C.....A.....A........AA.A..A.CAGA.GA......TC.......G..CAA ...

DENV1_JQ922544_IND            ..C..ATCAAAG..T..G..G....AT..............T..A..C..A........AA.A..A.CAGA.GA......TC.......G...AA ...

DENV1_JQ922545_IND            ..C..ATCAAAG..T.....G....AT.................A.....A........AA.A..A.CAGA.GA....TCTTC......G...AA ...

DENV1_JN903578_IND            ..C..ATCAAAG..T..G..G....AT.................A..C..A........AA.A..A.CAGA.GA......TC.......G...AA ...

DENV1_JN903579_IND            ..C..ATCAAAG..T.....G....AT...........C.....A.....A........AA.A..A.CAGA.GA......TC.......G..CAA ...

9D ..C..ATCAAAG..T.....G....AT...........C.....A.....A........AA.A..A.CAGA.A..................... ----

24ZD                          NNNNNNNNNNNNNNNNNNNNNNNNNNNNN.........C.....A.....A........AA.A..A.CAGA.A..................... ----

30ZD NNNNNNTCAAAG..T.....G....AT...........C.....A.....A........AA.A..A.CAGA.A.................... -----

9135

9332



69 

 

2.4 DISCUSSION 

2.4.1 Surveillance report of DENV in Kolkata 

Although the number of test samples was relatively small the high degree of DENV positivity, 

(host and vector), suggests that DENV is overtly endemic in the region under study. PCR and 

sequencing confirmed that the majority of Aedes mosquito and larva (16/20) samples, collected 

from different parts of the city (separated by at least 10 Km), were DENV positive. For the detailed 

molecular study of the individual mosquitoes and larvae, the number of vector samples was kept 

small rather than the conventional practice of screening pooled samples from more significant 

numbers of vector samples. Of the four prevalent serotypes, only DENV3 could be detected in the 

vector samples studied. This corroborates the fact that 50% of the host samples were also DENV3 

RNA-positive (10/20). Because of the small sample size, other serotypescould not be detected in 

the vector samples. Detection of DENV in the larvae indicates that transovarial transmission of 

DENV is plausible. This supports the fact that a high level of infestation of vectors with DENV 

and maintenance of the virus in the environment over several seasons. The high incidence of virus 

detection in the vectors may explain the observation that DENV becomes rampant in Kolkata with 

the surge of the mosquito population in the pre-monsoon and monsoon seasons. 

 

2.4.2 Molecular typing and identification of transovarial transmission of DENV  

This is the first report of molecular typing of DENV in individual vector samples from India. 

Direct or indirect FAT using dengue-specific monoclonal antibodies to confirm the presence of 

DENV were reported earlier in various studies on vector samples in India (111-115). But such 

tests often suffer from the drawback of false-positive or -negative results.RT-PCR methodology 

was found to be advantageous for the detection of viruses from clinical samplesbecause it can 

detect the virus genome even when it is present at a low titer or when the virus is not replication 

competent (131) RT-PCR of pooled larval samples from Swat, Pakistan, in 2013 yielded a 
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minimum infection rate (MIR) of ~14% (127). In another study, carried out on samples from 

Assam in 2013, A. aegypti larvae were allowed to develop in the laboratory to adults; DENV2 

RNA was detected in both male and female pools at a MIR of ~11% (112). Transovarial 

transmission was indicated by the occurrence of DENV in larvae and reared adults, which was 

previously reported in laboratory experiments with infected mosquitoes to persist for at least seven 

generations, with the transmission rate increasing from 2.9 to 20–30%. This surveillance report 

also suggests that vector mosquitoes played an essential role in the maintenance of virus in nature 

and that mosquitoes act as a repository of these viruses (127). In contrast to examining pooled 

samples, individual larva from each site was scrutinized, and a much higher correct larval infection 

rate of 92% and an adult infection rate of 63% was observed. 

 

2.4.3 Prevalence of DENV serotypes during 2015-2016 along with gene 

alignments. 

 The current research provides direct molecular evidence (sequence data) that DENV3 and DENV2 

were the most prevalent serotypes during 2015–16 in Kolkata, followed by DENV1. There was no 

evidence of DENV4 in any of the samples tested. The observation further supports these findings 

that three of the 20 human samples (15%) showed evidence of mixed infection with the two most 

prevalent serotypes (i.e. DENV2 and 3), while one example (5%) showed further co-infection with 

DENV1. A recent report from Kolkata predicted an outbreak with DENV3 (109), which accorded 

well with our data from both human and mosquito samples. 

Interestingly, DENV3 was readily detected in all DENV-positive adult mosquito and larva 

samples. In our study, PCR product sizes were not sufficiently large and did not contain enough 

sequence variation to be represented as reliable phylogenetic trees. The gene alignments were 

intended to confirm that the PCR bands were indeed virus/serotype specific and that there were 

nucleotide/amino acid differences among the different test samples. 
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2.4.4 Comparison of previously reported surveillance programme to detect 

DENV and ZIKV in arthropod as well as human sera samples. 

Various surveillance programmes were carried out earlier, and these studies on sero-surveillance 

of dengue infection in Kolkata were based on only NS1 ELISA, and therefore the results could not 

indicate serotype prevalence (107,108). Other recent studies reported on prevalent DENV 

serotypes solely based on the pattern of PCR bands obtained from DENV serotype-specific nested 

PCRs published by Lanciotti et.al. (123); however, no sequence data were available from these 

studies (105,109). It is doubtful whether visualization of bands of expected length is sufficient 

evidence to confirm DENV positivity or to identify DENV serotype, because the authors have the 

experience of obtaining such bands of expected length but such bands revealed non-dengue 

sequences in many instances. Saha et.al. further discussed how PCR-based serotyping showed no 

evidence of coinfection with more than one DENV serotype in their study population from Kolkata 

during 2008–12, although their sample size was relatively large (433 dengue PCR-positive 

samples) (110). This could have been the result of preferential amplification of one serotype when 

nested PCRs were carried out in a single tube. To eliminate this possibility and for proper 

characterisation of all DENV serotypes, in this study, four serotype-specific second-round PCRs 

were carried out in separate reaction tubes for each sample. Reddy et.al. reported the concurrent 

presence of multiple dengue serotypes in all their DENV-positive samples from southern India 

(104). However, they had first screened their samples based on the positivity of the DENV-specific 

511 bp first-round PCR product (produced using primers D1 and D2 from cDNA). Visible bands 

were observed in only 26 out of 100 NS1-positive samples. Subsequent nested PCRs and further 

analyses were carried out based on these 26 D1-D2-positive PCR samples. However, in the present 

study, we observed that, for DENV-positive samples, the first-round PCR as reported by Lanciotti 

et al. (123) did not always produce visible bands, and the second-round nested PCRs using 1:100 

diluted first-round PCR product often revealed serotype-specific visible bands. The work by 
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Reddy et al. may, therefore, have under-reported the prevalence of DENV in NS1-positive samples 

from Kerala (103).Two of the 20 NS1-ELISA-positive human serum samples were DENV 

negative by PCR analysis. It is possible that numbers of intact virus particles in the samples were 

low, or that viral RNA might have degraded. This is not unprecedented, because false-positive 

NS1 antigen detections (i.e. NS1-ELISA-positive but DENV PCR-negative) have previously been 

reported from Vietnam and Singapore. In these reports also, the reason for such false-positivity 

was not known (129,130). All samples (vector and host) were ZIKV-negative when tested using 

two previously published diagnostic PCR approaches, one targeting the ZIKV ENV gene and the 

other the NS5 polymerase gene. Although the ZIKV NS5 gene-based primer pair was claimed to 

be ZIKV-specific (125), this PCR produced bands of expected length on three DENV NS1-positive 

human sera samples, which when sequenced turned out to be DENV1 NS5 genes, suggesting that 

these ZIKV-specific primers unfortunately cross-reacted with the DENV1 NS5 sequence and that 

this should be interpreted with caution for detection of ZIKV infections. Balm et al. could not 

detect any ZIKV-positive samples in 88 samples from Singapore using the above NS5 gene-

specific primers (125). India has recently reported three cases of ZIKV infection in pregnant 

women from the western part of this country (Gujarat) (119), but apart from this there are no other 

published data on ZIKV incidence from India. To the best of our knowledge, this is the first report 

of ZIKV screening in India in both human and vector hosts from the same region. No evidence of 

ZIKV infection was found in either human or vector samples from Kolkata. During the present 

study, the possibility of ZIKV transmission among humans by infected mosquito bites could not 

be established. Our findings from this pilot-scale study warrant a multi-centric investigation 

involving a larger sample size to validate the results further. 
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Chapter-3 

NS1 antigen detection in serum from 

dengue suspected febrile human subjects 

collected during 2015-2017 
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3.1 INTRODUCTION 

Enzyme-Linked Immunosorbent Assay (ELISA) is an advanced serological technique that detects 

and measures antibodies or antigens in various biological samples with sensitivity at nanogram to 

picogram levels of protein. ELISA assays are generally carried out in 96 well plates and can 

measure large numbers of samples in a single set-up (132).  

DENV NS1 is a conserved glycoprotein that has three fates in dengue virus infection. It has been 

shown earlier that NS1 protein in its intra-cellular form helps in virus replication. It is also 

produced in membrane-associated form and secreted form in the early phase of dengue infection. 

The latter can accumulate in high concentration (up to 50 µg/ml) in human serum and has proven 

to be a reliable biomarker for early dengue detection. NS1 is detectable early during the acute 

phase (day 0-6 post-onset of symptoms) for primary and secondary infections. So for proper 

diagnosis of the acute phase of dengue, various commercial ELISA kits have been developed to 

detect the secreted form of dengue NS1 antigen (133). Recent reports also showed the detection 

of NS1 in the DENV vector population. So this method of detection stands as a valuable tool for 

vector surveillance and clinical management (134,135). This study's objective is to compare the 

performance of three commonly used commercial NS1 ELISA kits available in India in detecting 

NS1 in recently circulating DENV serotypes in Kolkata. Molecular diagnosis (RT-PCR and 

sequencing) is considered the gold standard for dengue detection and diagnosis but is not routinely 

used as it needs trained personnel and specialized reagents. The NS1 ELISA is the most commonly 

used relatively reliable dengue diagnostic tool in particular clinics but of variable sensitivity (136-

139). So given the condition that if not treated early, dengue infection can lead to more severe 

complications like DF, DHF, and the fatal DSS, false-negative NS1 ELISA results pose the risk 

of dengue infection going undiagnosed in busy hospital settings. 
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3.2 METHODS 

3.2.1 Study subjects 

Approximately 2 ml of blood was collected during 2015–17 from patients presenting with dengue-

like fever symptoms at the Outdoor Clinic, CNMC, for routine diagnosis (Table 3.1). Sera samples 

obtained from the blood were stored at -800C until further analysis. Fifty-eight of these sera 

samples were analyzed by RT-PCR and sequenced for the presence of various DENV serotypes 

(DENV 1-4) to identify single or mixed infections in the same way as described in Chapter 2. 

Besides, these fifty-eight sera were further tested for the presence of DENV NS1 antigen by the 

Panbio Dengue Early ELISA (abbreviated as P) (PanBio Diagnostics, Brisbane, Australia- first 

generation), Platelia™ (PT) (Biorad Laboratories, Marnes-La-Coquette, France) and Dengue NS1 

Ag MICROLISA (J) (J.Mitra& Co.Pvt.Ltd) following individual manufacturer’s instructions. 

 

3.2.2 Panbio DENGUE EARLY ELISA (PanBio Diagnostics, Brisbane, 

Australia) 

This early ELISA is a dengue NS1 antigen-capture ELISA for the qualitative detection of NS1 

antigen in serum samples obtained from various febrile individuals. The principle behind this test 

is that serum dengue NS1 antigen, when present, binds to anti-NS1 antibodies attached to the 

polystyrene surface of the microwells. The test uses horseradish peroxidase-conjugated anti-NS1 

monoclonal antibody with preservative. If the NS1 antigen is present in the sample, an immune-

complex MAb-NS1-MAb/peroxidase will be formed. The patient serum samples were allowed to 

thaw to room temperature (21–22°C). According to the manufacturer's protocol, 100 µL diluted 

test samples and controls were pipetted into respective microwells and incubated for 60 min at 

37°C. After six-times washing steps, 100 µL HRP conjugate anti-NS1 MAb was pipetted into each 

well, and the plate was incubated for another 60 min at 37°C. After a six-times washing step, 100 

µL of TMB substrate was added into each well and incubated for 10 min at room temperature in 
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the dark. The presence of immune-complex was demonstrated by colour development, and the 

enzymatic reaction was stopped by adding 100 µL 1M H3PO4. The optical density (OD) reading 

was taken with a spectrophotometer at a wavelength of 450nm and with a reference filter of 600-

650nm.The amount of NS1 antigen present in an individual serum sample was determined by 

comparing the OD of the sample to the OD of the cut-off control serum. Results were calculated 

as "Panbio units," with results <9.0, 9.0–11.0, and ≥11.0 defined as negative, equivocal, and 

positive. Equivocal samples were re-tested to confirm the result. 

 

3.2.3 Platelia™ Dengue NS1 Ag-ELISA (Biorad Laboratories, Marnes-La-

Coquette, France) 

The test is a one-step sandwich format microplate enzyme immunoassay for the qualitative or 

semi-quantitative detection of dengue virus NS1 antigen in human serum or plasma. It uses murine 

monoclonal antibodies (MAb) for capture and revelation. If the NS1 antigen is present in the 

sample, an immune-complex MAb-NS1-MAb/peroxidase will be formed. The patient serum 

samples were allowed to thaw to room temperature (21–22°C). Sample diluent (50µl), test samples 

and controls (50 µl each) and 100 µl of diluted conjugate were incubated for 90 min at 37°C within 

the individual microplate wells coated with anti-NS1 antibodies. After a six-times washing step, 

160µl of TMB substrate was added into each well and incubated for 30 min at room temperature 

in the dark. Color was developed following immune complex formation, and the enzymatic 

reaction was stopped by adding 100µl 1N H2SO4. The optical density (OD) reading was taken 

with a spectrophotometer at a wavelength of 450–620 nm. The presence of NS1 antigen in an 

individual sample is determined by comparing the optical density reading of the serum samples to 

the optical density of the calibrator. 
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3.2.4 Dengue NS1 Ag Microlisa (J.Mitra& Co.Pvt.Ltd). 

ELISA was performed (as per the manufacturer’s instruction) on sera using the dengue NS1 

Antigen Microlisa (J. Mitra and Co., Ref No: IR031048) to detect DENV NS1. This ELISA is 

based on the “Direct Sandwich” principle where the wells are coated with Anti dengue NS1 Ab. 

The samples are added in the wells followed by addition of enzyme conjugate (monoclonal anti-

dengue NS1 antibodies linked to HRPO. A sandwich complex is formed in the well wherein 

dengue NS1 (from serum sample) is “trapped” or “sandwiched” between the antibody and 

antibody-HRPO conjugate. Unbound conjugate is then washed off with wash buffer. The amount 

of bound peroxidase is proportional to the concentration of dengue NS1 antigen present in the 

sample. Upon addition of the substrate buffer and chromogen, a blue colour develops. The volume 

used in each case was 50 μl.  

 

3.2.5 Sequencing 

Bi-directional sequencing was deployed to confirm the nucleotide sequences of purified PCR 

products using the same primers for PCR. For confirmation of identity DNA sequences of positive 

samples were subjected to NCBI BLAST. Sequences confirmed by overlapping reads from at least 

one forward and one reverse primer were aligned using CLUSTALW. Closely related reference 

sequences used in the multiple alignments were identified by BLAST search using the virus 

sequences determined in this study. 
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3.3 RESULTS  

3.3.1 Information for dengue suspected febrile patients 

The necessary information and selection criteria for the dengue suspected febrile cases are given below in the Table 3.1 

Sl. 

No. 

Isolate 

name 

Age 

(years) 

Sex Sample 

procurement 

time 

Symptoms Serotype-

specific 

diagnostic RT-

PCR 

results 

 

PanBio 

NS1-

ELISA 

Plateli

a NS1-

ELISA 

J. Mitra 

NS1-

ELISA 

1 10ZD 24 F 2016 High fever 

with 

headache 

DENV1 + + + 

2 13ZD 26 M 2016 High fever 

with 

vomiting 

DENV1 + + + 

3 14ZD 28 F 2016 High fever 

with red 

rashes 

DENV1 + + + 

4 15ZD 29 M 2016 Fever, 

headache 

with muscle 

pain 

DENV1 and 

DENV2 

+ + + 

5 20ZD 24 M 2016 Red rashes 

with severe 

headache 

DENV1 and 

DENV2 

+ + + 

6 17ZD 25 M 2016 Red rashes 

on skin, joint 

pain and 

vomiting 

DENV1 + + + 
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7 34ZD 24 M 2016 Rash, fever, 

loss of 

appetite 

DENV1 + + + 

8 48ZD 48 M 2016 Headache, 

fever and 

pain behind 

the eyes 

DENV1 + + + 

9 50ZD 57 F 2016 Headache, 

fever, severe 

joint pain 

DENV1 + + + 

10 59ZD 42 M 2015 Retro-orbital 

pain, 

vomiting, 

headache 

DENV1 + + + 

11 54ZD 28 M 2016 Nausea, 

vomiting and 

skin rash 

DENV1, 

DENV2, 

DENV3 

+ + + 

12 18ZD 47 M 2016 Retro-orbital 

pain, fever 

DENV2 + + + 

13 22ZD 44 M 2016 Nausea, 

headache 

and skin rash 

DENV2 + + + 

14 28ZD 44 M 2016 Retro-orbital 

pain, fever, 

headache 

DENV2 + + + 

15 16ZD 48 M 2016 Joint pain, 

severe 

headache 

DENV2 + + + 

16 26ZD 41 M 2016 Joint pain, 

severe 

headache 

DENV2 and 

DENV3 

- - - 



80 

 

17 8ZD 23 M 2016 High fever 

with 

vomiting 

DENV2 + + + 

18 12ZD 27 M 2015 Headache 

with red 

rashes 

DENV2 and 

DENV3 

+ + + 

19 61ZD 48 M 2016 Nausea, 

vomiting and 

headache 

DENV2 + + + 

20 64ZD 26 M 2016 Chills,fatigu

e,fever,loss 

of appetite 

DENV2 - - - 

21 73ZD 32 M 2016 Joint pain, 

severe 

headache, 

retro-orbital 

pain 

DENV2 + + + 

22 31ZD 45 M 2016 Red 

rashes,heada

che,joint 

pain 

DENV2 + + + 

23 75ZD 22 F 2016 Nausea, 

vomiting 

severe joint 

and muscle 

pain 

DENV2 + + + 

24 19ZD 43 F 2016 Retro-orbital 

pain 

DENV2 + + + 

25 66ZD 29 M 2016 Joint pain 

Nausea, 

vomiting 

DENV2 and 

DENV3 

- - - 

26 70ZD 29 M 2016 Nausea, 

fatigue,fever

DENV2 and 

DENV3 

- - - 
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,headache,ra

sh 

27 67ZD 28 M 2016 High fever , 

severe 

headache 

with rashes 

DENV2 - - - 

28 63ZD 46 M 2016 Nausea, 

fatigue,skin 

rash 

DENV2 + + + 

29 9ZD 47 F 2016 High fever 

with 

headache 

DENV2 + + + 

30 11ZD 73 M 2016 Headache 

with joint 

pain 

DENV2 + + + 

31 25ZD 57 M 2016 Headache 

with red 

rashes 

DENV2 + + + 

32 29ZD 19 M 2016 Severe 

headache 

with 

vomiting 

DENV2 - - - 

33 33ZD 26 M 2016 Fatigue, 

fever, 

headache 

DENV2 + + + 

34 46ZD 45 M 2016 Severe joint 

and muscle 

pain, 

headache 

and fever 

DENV2 + + + 

35 47ZD 46 F 2016 Joint and 

muscle pain, 

DENV2 + + + 
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headache, 

fever 

36 49ZD 40 M 2015 Headache, 

fever, skin 

rash 

DENV2 and 

DENV3 

+ + + 

37 71ZD 45 M 2015 Fever, 

headache, 

retro-orbital 

pain 

DENV3 - - - 

38 72ZD 38 M 2015 Headache, 

fever, skin 

rash 

DENV3 - - - 

39 68ZD 44 M 2015 Severe joint 

and muscle 

pain, 

vomiting and 

nausea 

DENV3 - - - 

40 62ZD 48 M 2015 Nausea, 

vomiting, 

headache 

DENV3 - - - 

41 3ZD 48 M 2015 Fever with 

rash 

DENV3 - - - 

42 57ZD 37 M 2015 Fever and 

headache 

DENV3 - - - 

43 77ZD 34 F 2015 Fever and 

joint pain 

DENV3 - - - 

44 69ZD 39 M 2015 Nausea, 

fever, 

headache, 

rash 

DENV3 - - - 

45 32ZD 38 F 2015 Red rashes 

with 

headache 

DENV3 - - - 
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46 74ZD 36 F 2015 Fever, 

headache, 

joint pain 

DENV3 - - - 

47 81ZD 40 F 2017 Headache, 

fever, skin 

rash 

Negative + + - 

48 83ZD 38 F 2017 Joint and 

muscle pain, 

fever 

Negative + - + 

49 53ZD 28 M 2016 Headache 

with joint 

pain 

Negative + - - 

50 65ZD 34 F 2016 High fever 

with 

headache 

Negative - - + 

51 86ZD 39 M 2017 Fever and 

headache 

Negative - - + 

52 88ZD 25 F 2017 Nausea, 

vomiting, 

headache 

Negative + - - 

53 90ZD 34 M 2017 Red rashes 

with 

headache 

Negative - - + 

54 91ZD 27 F 2017 Joint and 

muscle pain, 

headache, 

fever 

Negative - - - 

55 92ZD 42 F 2016 Nausea, 

headache 

Negative - - - 

56 94ZD 34 M 2017 Headache, 

loss of 

appetite 

Negative - - - 
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57 95ZD 52 F 2016 Nausea, 

fever 

Negative - - - 

58 96ZD 28 M 2016 Fever Negative - - - 

  38 

(Median) 

M:F 

ratio: 

2.4:1 

      

M: Male; F: Female 

 

Table 3.1:  Information about clinical specimens that are collected from the dengue suspected febrile cases during 2015-2017 

___________________________________________________________________________________________________
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3.3.2 Detailed molecular analysis of clinical isolates  

During 2015-2017 around 58 sera samples from dengue suspected febrile patients were collected, 

and total RNA was isolated from those samples. RT-PCR and sequencing confirmed the presence 

of 8 DENV1, 20 DENV2, 10 DENV3 and 8 mixed infections of dengue among these samples. 

Taking into account the mixed infections, approximately 48% of the sera had DENV2 (28/58); 

28% had DENV3 (16/58) and 19% had DENV1 (11/58). In total, 79% (46/58) of the sera tested 

positive for DENV RNA. About 14% (8/58) of the samples tested turned out to be mixed infections 

(Figure 3.1). Sequences confirmed the DENV isolates (Figure 3.4(a, b, c)). DENV4 could not be 

detected in any of the sera tested within the limits of detection of the nested diagnostic PCR (123) 

used for molecular diagnosis of the samples. As we had reported previously (147), unlike using a 

mixture of serotype-specific primers in the final nested PCR mix, individual serotype-specific PCR 

was performed on the first round D1-D2 amplified product for each sample. Overall, 64% (37/58) 

sera were DENV NS1-positive by at least one of the commercial ELISAs used. This includes both 

DENV RNA-positive (n=46) and negative (n=12) samples. Among the DENV RNA-positive sera, 

65% (30/46) were NS1-positive. The rest sixteen sera were NS1-negative. 
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                                             DENV2                   DENV3                   DENV1 

Figure. 3.1: Percentage of three different  dengue serotypes circulating in Kolkata, India during 

2015-2017 determined by RT-PCR and sequencing. 

 

3.3.3 Detailed molecular and serological analysis of both single and mixed 

DENV infections. 

For the single infections, all DENV1 diagnosed sera were also NS1-positive; 85% of DENV2 

(17/20) were ELISA-positive. Of these, two samples gave variable results to the three different 

ELISAs used. One was J-negative, and one was PT-negative. Interestingly, the ten DENV3 singly-

infected sera were NS1-negative by all three ELISAs tested (Figure 3.2). These samples comprised 

17% (10/58) of all sera tested. Five of the eight mixed infections were NS1-positive. All these 

contained DENV2; six contained DENV3 and three contained DENV1. Only one sample 

contained all three serotypes. The three NS1-negative mixed infections were DENV2 and DENV3 

co-infected samples. One common feature of the NS1-negative sera for DENV2 and mixed 

infections was that the PCR bands signifying the DENV serotype/s in them came relatively faintly 

positive on gel electrophoresis compared to the NS1-positive sera. However, this does not hold 

true for the ten NS1-negative DENV3 sera. These samples produced distinctly visible bands on 
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the gel, for instance, 57ZD and 68ZD (Figure 3.3). Five of the samples (9%) were NS1-positive, 

but DENV could not be detected in them by RT-PCR. Overall, seven samples were both DENV 

RNA and NS1-negative (12%) (Table 3.2). 

 

 

            DENV1         DENV2             DENV3 

Figure. 3.2:  Percentage of detection of dengue serotypes based on  NS1-ELISA kit on the same 

samples, note: none of the DENV3 isolates were detected by NS1-ELISA. 
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DENV 

SEROTYPES 

RT-PCR positive 

(confirmed by 

sequencing of 

PCR products) 

NS1 ELISA 

positive (three 

commercial kits) 

NS1 ELISA 

negative 

(three commercial 

kits) 

NS1 gene 

sequenced 

(Number 

of 

samples) 

DENV1 8 8 0 1 

DENV2 20 17 3 3 

DENV3 10 0 10 1 

DENV1 and 2 2 2 0 0 

DENV2 and 3 5 2 3 2 

DENV1, 2 and 

3 

1 1 0 0 

Total 46 30 16 7 

 

Table 3.2: Characterization of fifty-eight dengue-suspected clinical samples based on diagnostic 

RT-PCR and NS1 ELISA results. 

____________________________________________________________________________ 
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Figure 3.3:Representative agarose gel electrophoresis (1%) for molecular diagnosis of DENV 

serotypes using DENV3-specific nested PCR. L1-L8-Samples 23ZD, 54ZD, 57ZD, 50ZD, 35ZD, 

66ZD, 37ZD, 68ZD   L9-1Kb DNA ladder (SRL) L10-16- Sample 69ZD, 40ZD, 61ZD, 67ZD, 63ZD, 

64ZD, 45ZD L17-Negative control. 
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3.3.4 Sequence confirmation of clinical isolates from dengue suspected febrile 

patients 

121
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Figure 3.4(a) Multiple sequence alignment of D1-TS1 PCR products with other DENV-1 

sequences. The latter sequences were identified by BLAST search and shown with their 

GenBank accession numbers in the alignment. The numbering of the nt positions pertain to nt 

positions 121-602 as in dengue virus 1 isolate D1/IN/RGCB585/2009 (accession number 

JN903580). The nt sequence similarity of the samples ranged from 96-98% with reference to 

the aforesaid DENV-1 isolate (JN903580).  

________________________________________________________________ 

602
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Figure 3.4(b): The numbering of the nt positions pertain to nt positions 134-251 as in dengue 

virus 2 isolate 1392 (accession number JX475906).The numbering of the nt positions pertain 

to nt positions 134-424 as in dengue virus 2 isolate D2/IN/JN903580/2014 (accession number 

JN903580The nt sequence similarity of the sample sequences with the aforesaid DENV2 isolate 

(JX475906) was around 98% for all the samples. 

__________________________________________________________________________ 
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Figure 3.4(c) Multiple sequence alignment of D1-TS3 PCR products of vector and host 

samples with other DENV3 sequences. The numbering of the nt positions pertain to nt 

positions 17-255dengue virus 3 isolate D2/IN/JN940917/2013(accession number JN940917). 

__________________________________________________________________________ 
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3.4 DISCUSSION 

Dengue has become endemic in India, and clinicians increasingly use DENV NS1 detection 

for dengue confirmation as practiced in other DENV-afflicted places worldwide. Taking the 

molecular diagnosis as gold-standard, 65% (n=30/46) of the DENV-RNA positive samples 

were also NS1-positive by ELISA. Molecular diagnosis detected DENV in 79.3% of the sera 

samples studied (46/58). 

 In one study in Indonesia, 188 of 440(42.7%) serum samples collected during 2010-12 were 

DENV-positive by molecular diagnosis, and the sensitivity of NS1 ELISA assay (Panbio 

Dengue Early ELISA, Australia) was determined at 56.4% (137). The same study reported that 

the low sensitivity of NS1 antigen detection had no co-relation with NS1 genetic diversity. 

Instead, the authors opined that the performance of the NS1 antigen test was affected by the 

infection status of patients, prevalent serotypes, and the geographical origin of the samples. 

In another study conducted in Florida, USA, out of 21 sera samples, fourteen were qRT-PCR 

+ive for dengue (66.7%), and of these, nine (64.3%) were NS1-positive by Panbio ELISA 

(138). A multi-country evaluation study reported that the best performing NS1 assay had only 

a moderate sensitivity (median 64%, range 34-76%), with 100% specificity. The poor 

sensitivity of the evaluated assay has been related to study sites in different geographical 

regions, suggesting the need for further assessment (140).  

In the above study in Indonesia, 32 of the 188 DENV-positive sera contained DENV3, and the 

NS1 sensitivity was 68.8% (22/32). On the contrary, it is interesting to note that none of the 

ten DENV3 isolates in our collection, circulating during 2015-17 in Kolkata, were NS1-

positive but produced distinct PCR bands, confirmed by sequencing. This condition poses a 

potential risk of such samples going undiagnosed in clinical settings when tested by routinely 

used NS1 ELISAs. However, the detection rate can be increased if NS1 and IgM results are 

combined but the latter suffers from lower specificity (137). 
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One of the studies compared seven major commercial assays to detect dengue combining 

dengue virus antigen and antibody-based kits. What they have found is that the sensitivity of 

NS1 based ELISA such as the Panbio dengue virus Pan-E NS1 early enzyme-linked 

immunosorbent assay (ELISA), second generation (Alere, Australia), the Standard Diagnostics 

dengue virus NS1 antigen ELISA (Standard Diagnostics, South Korea);the Platelia NS1 

antigen ELISA (Bio-Rad, France) varies from 45% to 57% and specificity varies from 93% to 

100%. Panbio/Biorad Platelia NS1 ELISAs were found to have higher sensitivity (139). So the 

NS1 sequence of these isolates would be determined to ascertain the reason as to why the NS1 

of these DENV3 isolates were insensitive to all three commercial ELISAs used.  
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Chapter 4 

Sequence analysis of NS1 gene  

(with signal sequence) from dengue 

virus clinical isolates and site-directed 

transfer of identified mutations to wild-

type NS1 backbone. 
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4.1 INTRODUCTION 

Flavivirus NS1 is an enigmatic protein, which has been in focus for more than two decades 

and whose structure and mechanistic function is not fully known. All flavivirus NS1 genes 

share a high degree of homology, encoding a 352-amino-acid polypeptide that has a molecular 

weight of 46–55 kDa, depending on its glycosylation status. DENV NS1 contains cross-

reactive epitopes shared with several host cell components. The auto-antibodies induced by 

these determinants in secondary infections are though to contribute to the platelet and 

endothelial cell damage that leads to the vascular permeability characteristic of severe 

DHF/DSS. Circulating soluble NS1 (sNS1) itself has been shown to bind to different cell 

populations and has also been proposed to contribute directly to the disease processes (141). 

Interestingly, specific signature amino acid changes have been identified from all DSS cases, 

for instance, D278G mutation in NS1 as found in subtype I of DENV2 strain (142). One 

group had earlier screened 34 mouse monoclonal antibodies (mAbs) and identified linear 

binding epitopes on DENV2 NS1 for nine of these mAbs by screening 174 overlapping 

peptides. These epitopes were referred to as LD2 (residues 25–33; recognized by mAbs 

5H4.4 and 1H7.4), 24A (residues 61–69; recognized by mAb 5H4.3), LX1 (residues 111–

121; identified by mAbs 3D1.4, 4H3.4, 3A5.4 and 1A12.3), and 24C (residues 299–309; 

recognized by mAbs 5H5.4 and 1G5.3). The four mAbs binding the LX1 epitope cross-react 

with all four dengue virus serotypes, reflective of the sequence homology of NS1 at this site 

(143). The recent unveiling of the atomic structure of NS1 depicts that the residues at the β-

roll (10–11 on a β-turn) and in the connector subdomain (159–162 on a β-turn) are important 

for genome replication and the same β-roll residues are also implicated indirect interaction 

with NS4B (144,29). Previous studies have reported that the β-roll domain (10–11 and 159–

162 residues) of NS1 dimer protrudes out and interacts with the ER lumen membrane. As 

vascular leakage is a hallmark of DHF/DSS, the effect of NS1 protein on VEGF is important 



100 

 

yet to be answered. (145,146) Given the importance of this protein, amplification of the NS1 

gene from the prevalent dengue virus serotypes and cloning of this NS1 gene in a mammalian 

expression vector pcDNA3.1(+) have been carried out. Transfection of the cloned gene in 

Huh-7 cells was carried out and commercially available diagnostic NS1 ELISA kits checked 

the level of NS1 secretion. It was evident from these pilot-level experiments that NS1 

expression assays would help understand which residues are mainly responsible for the 

proper secretion of NS1 and how mutations in NS1 may play a role in immune evasion non-

detection of NS1of recently circulating viruses by commercially available ELISA kits. 

 

4.2 METHODS 

4.2.1 Sample collection: Around 2 ml of blood sample was collected from patients with 

dengue-like fever symptoms in the Outdoor Clinic, Calcutta National Medical College, 

Kolkata, for routine diagnosis. Fifty-eight serum samples were collected during 2015-17 and 

stored at -800C until further analysis. 

 

4.2.2 Plasmids and bacterial strain 

One Shot® TOP10F′ Competent Cells (Invitrogen Catalog no: C3030-03), pcDNA™3.1(+) 

Vector (Invitrogen Catalog no:V790-20), TA Cloning® Kit (Invitrogen Catalog no: K2020-

40) and XL-1 blue cells were purchased.  

 

4.2.3 Isolation of Viral RNA  

Blood samples were collected from the hospital, and viral RNA was extracted from the serum 

using “High Pure Nucleic Acid Kit” (Roche Applied Science, Cat no. 11858874001) following 

the manufacturer’s protocol. RNA was eluted in a sterile nuclease-free microcentrifuge tube 
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using 40µl of elution buffer. The purity and quantification of isolated viral RNA were estimated 

using Nanodrop and stored at -80°C. 

 

4.2.4 First strand cDNA synthesis of NS1 gene  

cDNA specific to NS1 gene was prepared using Superscript III Reverse transcriptase 

Invitrogen (Catalog number: 18080093)   following manufacturer’s protocol. About 10pg-

500ng of mRNA was used. RNase H was added to remove RNA complementary to cDNA. 

Primers were designed specifically for particular serotypes (Table 4.1). 

 

Name 

of the 

primer 

Primer Sequence (5’- 3’) DENV NS1 

(signal sequence comprising 

C-terminal region of E gene 

at 5’end) 

NS1 PCR product (length in 

bp) 

DV1-F CGAAGCTTAGCATGAGGARCACGTC

MCTYTCGATG 

DENV1 

(25 amino acids)  

ATG (bold) was built in F-

primer as Start Codon. 

1157 bp 

DV1-R CGCGGATCCTTATGCAGAGACCATT

GACCTGAC 

DV2-F CGCGCTAGCGCCATGAATTCACGYA

GCACCTC 

DENV2 

(28 amino acids) 

ATG in F-primer was part of 

DENV2 signal sequence. 

1164 bp 

DV2-R CGCCTCGAGTTARGCTGTRACCAAA

GAATTG 
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Table 4.1: List of primers to amplify NS1 gene from prevalent serotypes of DENV along    

with signal sequence (C-terminal region of E gene) at 5’ end. 

 

4.2.5 PCR of NS1 gene plus N-terminal signal sequence from prevalent 

serotypes of DENV. 

PCR amplification was carried out in 50µl volume, containing 25µl of GoTaq® Green Master 

Mix (Promega Cat no.  M7122); 0.4 µM of DV2-F and DV2-R primers for DENV2, 0.4 µM 

of DV3-F and DV3-R for DENV3, 0.4 µM of DV1-F and 0.4 µM of DV1-R for DENV-1. 

After an initial denaturation at 95°C for 5 min, 35 cycles of amplification were performed as 

follows: denaturation at 94°C for 30 secs, annealing at 58°C for 1 min and extension at 72°C 

for 1 min. This was followed by a final extension at 72°C for 7 min. The PCR amplicon was 

resolved in 1% TBE agarose gel and visualized in an ultraviolet transilluminator. PCR 

product was purified using QIAquick PCR Purification Kit (Cat No. 28106). 

 

4.2.6 TOPO-TA Cloning 

This method was introduced to avail the advantage of the terminal transferase activity of some 

DNA polymerases such as Taq polymerase. This enzyme adds a single, 3'-A overhang to each 

end of the PCR product. This makes it possible to clone this PCR product directly into a 

linearized cloning vector with single, 3'-T overhangs. PCR product was cloned in TOPO-vector 

(Figure 4.1) for better yield for cloning in a mammalian expression vector, pcDNA3.1(+). The 

DV3-F CGGCTAGCAGCATGGGRTTGAATTC

AAARAAYACWTCC 

DENV3 

(29 amino acids)  

ATG (bold) was built in F-

primer as Start Codon. 

1166 bp 

DV3-R CGCGGATCCTTABGCTGAGRCTAAA

GACTTTACC 
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reaction mixture was prepared using 4 μl of PCR product,1μl of salt solution,1.5 μl of TOPO 

vector. The reaction was mixed gently and incubated for 30 minutes at room temperature (22–

23°C).  The reaction was then placed on ice and subjected to One Shot® TOP F’ chemical 

transformation or XL1 Blue chemically competent cells. 

 

Figure 4.1: Map showing the features of pCR™2.1-TOPO® vector and the sequences 

surrounding the TOPO® Cloning site. (product sheet catalogue no:450641). 

 

4.2.7 Transformation of TOPO TA DENV NS1 gene in One Shot® TOP 

10F’/XL1 blue Competent cells. 

The TOPO® reaction mix containing the cloned PCR product, L.B. plates containing 100 

μg/mL ampicillin, 50 mg/mL X-gaL in DMSO, 100 mM IPTG in water (for use with 

TOP10F´), 42°C water bath with a thermometer, 37°C shaking and non-shaking incubator, 

general microbiological supplies (e.g., plates, spreaders), S.O.C. medium. A water bath was 

equilibrated to 42°C. S.O.C. medium was warmed at room temperature. For blue-white 
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screening, 100µl of 100mM IPTG and 100µl of 50mg/ml of X-Gal were spread into LB-Amp 

plates. 2µl of TOPO cloning reaction was added directly into a vial of One Shot® Chemically 

Competent E. coli and mixed gently and incubated on ice for 30 minutes. Heat shock was given 

for 120 secs at 42°C (XL1 Blue chemically competent cells) without shaking and immediately 

transferred to the ice for 2 minutes. After that, 250µl of S.O.C. medium was added and kept 

for 1 hour at 37°C at 200rpm, 100µl from each transformation reaction was spread on a pre-

warmed selective Ampicillin plate previously absorbed with X-gal and IPTG and incubated 

overnight at 37°C. Fifty microliters of competent cells are transformed with 1.5µl of 10 pg/µl 

of supercoiled pUC19 plasmid. Transformed cultures are plated on L.B. plates containing 100 

μg/ml ampicillin and S.O.C. Medium containing IPTG and X-GAL. A fresh L.B. amp plate 

was taken out from 4°C fridges, and 15 quadrants were drawn on the opposite side of the Plate. 

The Plate was warmed to 37°C for 5-10 min. Individual white colonies from the transformation 

plate were streaked onto the new L.B. plate and residual colony sticking to the tip used for the 

transfer was mixed with 10µl of nuclease-free water aliquoted in the Eppendorf tubes. The 

Plate was incubated at 37°C for 16 -17 hours. PCR was performed to confirm that the colonies 

were successfully transformed. Culture of PCR positive colonies was done in 5ml of L.B. 

medium for 15-16 hours at 37°C. The bacterial growth from each colony was centrifuged at 

6000rpm for 10 mins at 4°C. The supernatant was discarded, and the plasmid was isolated from 

the cell pellet using QIAprep Spin Miniprep Kit (Catalog no. 27104). 
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4.2.8 Screening of TOPO TA Cloned products by PCR 

PCR amplification was carried out in 50µl volume, containing 25µl of GoTaq® Green Master 

Mix (Promega Cat no.  M7122); 0.4 µM of DV2-F and DV2-R primers for DENV-2, 0.4 µM 

of DV3-F and DV3-R for DENV-3, 0.4 µM of DV1-F and 0.4 µM of DV1-R for DENV-1. 

The template was added in 1:10 dilution. After an initial denaturation at 95°C for 5 min, 35 

cycles of amplification were performed as follows: denaturation at 94°C for 30 secs, annealing 

at 58°C for 1 min and extension at 72°C for 1 min. This was followed by a final extension at 

72°C for 7 min. The PCR amplicon was resolved in 1% TBE agarose gel and visualized in an 

ultraviolet transilluminator. PCR product was purified using QIAquick PCR Purification Kit 

(Cat No. 28106). 

 

4.2.9 Plasmid Isolation 

The colonies that came positive by colony-PCR, were cultured in 5ml of LB medium 

overnight. The bacterial growth from each colony was centrifuged at 6000rpm for 10 mins. 

The supernatant was discarded and the plasmid was isolated from the cell pellet using 

QIAprep Spin Miniprep Kit (Cat No. 27104). 

 

4.2.10 pcDNA3.1(+) Cloning 

pcDNA™3.1(+) (Invitrogen, Paisley, United Kingdom) is a 5.4 kb mammalian expression 

vector derived from pcDNA™3 and designed for high-level stable and transient expression 

in mammalian hosts. The NS1 gene was cloned in this vector between Bam H1 and HIND III 

RE sites for DENV-1, Nhe I and Xho I RE sites for DENV-2, and in between BamH1 and 

Xho I for DENV-3 under the control of the human cytomegalovirus (HCMV) immediate early 

(IE) promoter (Figure 4.2). 
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. 

 

Figure 4.2: Map showing the features of pcDNA3.1(+/-) and the sequences surrounding the 

pcDNA3.1(+/-) Cloning site. (product sheet catalogue no:450641). 

Gene of interest 
(NS1)along with 

signal sequence 

was inserted here 

for DENV-2. 
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4.2.11 Site directed Mutagenesis to obtain desired mutation DENV NS1 

WT back bone plasmid 

Site-directed mutagenesis (SDM) was performed to introduce target mutation in desired NS1 

plasmid backbone. Specific pcDNA3.1-NS1 clones were subjected to SDM using 

QuikChange site-directed mutagenesis kit (Agilent Technologies, La Jolla, CA) complying 

manufacturer’s instructions (Table 4.2). 

Name of 

the 

primers 

designed 

Primer (5’-3’) Serotype 

A236V-F ACTCTCTGGAGTAATGGAGTGCTAGAAAGTGAG 

ATGATAATTCC 

DENV-2 

A236V-R GGAATTATCATCTCACTTTCTAGCACTCCATTA 

CTCCAGAGAGT 

DENV-2 

M67V-F CCGCTCAGTAACAAGACTGGAGAATCTAGTGTG 

GAAACA 

DENV2 

M67V-R TGTTTCCACACTAGATTCTCCAGTCTTGTTACTGAG 

CGG 

DENV2 

K11E-F GTG TTG TGA GTT GGA AAA AC GAA 

GAA CTG AAA TGT GGC AGT GG 

DENV2 

K11E-R CCACTGCCACATTTCAGTTCTTCGTTTTTCCAA 

CTCACAACAC 

DENV2 

 

Table 4.2: List of primers used for site-directed mutagenesis 
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4.2.12 Sequencing to confirm the insertion of NS1 gene along with signal 

sequence for DENV -1, 2, 3 NS1 gene. 

Nucleotide sequences were confirmed by bi-directional sequencing of the purified PCR 

products using the same primers used for PCR. DNA sequences of positive samples were 

subjected to NCBI BLAST for confirmation of identity. Sequences, confirmed by 

overlapping reads from at least one forward and one reverse primer, were aligned using 

MEGAX. Closely related reference sequences used in the multiple alignments were identified 

by BLAST search using the virus sequences determined in this study. 

 

4.3 RESULTS 

4.3.1 Cloning of DENV-NS1 gene along with signal sequence from recent 

DENV clinical isolates. 

It was challenging to amplify the NS1 gene (along with the signal sequence at C terminus of   

Env which is of about 24 amino acids from various DENV clinical isolates. Because of 

sequence variability, different sets of serotype-specific primers (Table 1) were required to 

amplify NS1 of the three DENV serotypes (1, 2 & 3). As cited in Chapter 3, NS1 antigen of 

DENV-1 and DENV-2 isolates was comparatively easier to detect compared to DENV-3 

clinical isolates by NS1 ELISAs. Even some of the DENV-2 isolates showed variable results 

to different NS1 ELISAs. So, NS1 gene from several DENV isolates of different serotypes 

who gave variable results were PCR-amplified, cloned and sequenced for further 

characterization (Figure 4.3). 



109 

 

 

Figure 4.3: Multiple sequence alignment of NS1 amino acids of a circulating DENV1 wt 

clinical isolate (17ZD) along with other closely related DENV1 NS1 sequences, identified by 

BLAST search. Accession number for DENV1-17ZD-wt is MW269880. 

 

4.3.2 DENV-2 NS1 gene cloning and sequencing 

Among 20 DENV-2 positive serum samples three samples 42ZD, 44ZD and 29ZD gave 

variable results to different NS1 ELISAs (Table 3.2). Viral RNA was isolated from these 

samples and cDNA specific to the NS1 region along with signal sequence (28 amino acids) 

was amplified using Taq polymerase where a single deoxy-adenine (dA) is added to the 3’ 

end of PCR products (Figure 4.4). PCR products were subcloned into pCR 2.1-TOPO Vector. 

Linearised TOPO TA vector has a single overhanging deoxy-thymidine (dT) residues at its 
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3’ ends adjoining the sequence 5’-CCCT-3’ which allow the base pairing between T and A 

residue between vector and PCR products. Then the plasmid was sequenced to confirm the 

insertion of the gene and subsequently cloned into mammalian expression vector 

pcDNA3.1(+) and sequenced to check for the presence of the gene. 

 

 

Figure 4.4: Representative Gel electrophoresis L1: NS1 along with signal sequence were  

amplified from human DENV-2 sera sample using NS1FD2 and NS1-R primers which came 

positive for all 3 ELISAs. L2: NS1 along with signal sequence were   amplified from human 

DENV-3 sera samples using DV3-SS-F and DV3-SS-R primers which was not detected by 

ELISAs.  L3: NS1 along with signal sequence were amplified from human DENV-1 sera 

samples using L40NS1F and NDV1R primers which give variable results to NS1 ELISAs 

 

4.3.3 Blue white screening of the transformed cells. 

By using blue white screening distinct recombinant colonies can be separated out. The 

colonies formed by non-recombinant cells, therefore appear blue in color while the 

recombinant ones appear white. The desired recombinant colonies can be easily picked. Thus 

1000bp
750bp
500bp

250bp

1164bp	1166bp	1157bp

L1			L2		L3		L4
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few white colonies were selected among several blue white colonies and were subjected to 

colony PCR (Figure 4.5 (a,b)).Agarose gel electrophoresis confirmed that few or several of 

the colonies contained the target NS1 gene along with signal sequence (Figure 4.6). Then this 

recombinant product, obtained in sufficient amount for restriction digestion (Figure 4.7) and 

ligation was further cloned into the mammalian expression vector pcDNA3.1 (+) for 

transfection into mammalian cell lines. The cloned NS1 genes of these clinical isolates were 

then sequenced using bi-directional and overlapping primers, namely T7, BGH and NS1-Int-

R. The protein sequences were determined by multiple sequence alignment. 

                           

Figure 4.5: (a) White colonies showing transformed   Figure 4.5(b) : pUC 19 (control) 

TOP10F’ containing NS1 

_________________________________________________________________________ 
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 Figure 4.6: PCR amplification of NS1 gene cloned in TOPO TA observed in 1% Agarose gel    

electrophoresis L 10: TrackIt™ 1 Kb Plus DNA Ladder L1 to L9: DENV-2 NS1 from cloned   

TOPO TA plasmid L11: Negative control 

 

 

 

Figure 4.7: 1.2% Agarose gel electrophoresis for purifying digested products. 

L 3-L4: Digested products from DENV NS1 Plasmid L 7: TrackIt™ 1 Kb Plus DNA Ladder 
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4.4.4 Identification of NS1 amino acid changes in DENV-2 isolates that had 

NS1 detection problem. 

Compared to wild-type (wt) DENV-2 sequences, 67ZD showed the amino acid changes 

Ile167Met, Val236Ala 236; 64ZD showed amino acid change Met67Val, and 29ZD 

showed amino acid change Lys11Glu (Figure 4.8). In order to analyze whether the 

aforesaid mutations contribute to the variable results obtained in different NS1 ELISAs, these 

mutations were obtained in the DENV-2 wt plasmid (ss-DENV2-wt) backbone by Site-

directed mutagenesis (Figure 4.8) (Table 4.3). 

NAME MUTATION Site of mutation and its 

significance 

67ZD-DENV-2 

(Double mutant) 

I167M; V236A 

(ATAATG); 

(GTGGCG) 

The 141-168 amino acids 

region is highly conserved 

among all serotypes of 

DENV(154). 

Then region encompassing 

amino acids 225-245, is also 

highly conserved in DENV1-3 

but not DENV4.(58) 

 

64ZD 

 

M67V 

(ATGGTG) 

24aa (residues 61–69; 

recognised by mAb 5H4.3), 

cross react with all 4 DENV, 

sequence homology of 

NS1(143). 
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29ZD K11E 

(AAAGAA) 

This region is important for 

targeting of NS1, a reciprocal 

change of DENV NK to WNV 

RQ at amino acid positions 10 

and 11 (NK10RQ) switched the 

NS1 expression pattern of 

DENV-2 to one that resembled 

that of WNV NS1 with 

increased surface expression. 

 

Table 4.3: DENV-2 NS1 mutations found with nucleotide and amino acid changes. 
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Figure 4.8: Multiple sequence alignment of NS1 amino acids of circulating DENV-2 clinical 

isolates and SDM-generated variants along with other closely related DENV-2 NS1 sequences, 

identified by BLAST search. Accession numbers for the DENV-2 wt type clinical isolate 

(18ZD); the double variant (67ZD), the Met67Val variant (64ZD) and the Lys11Glu 

variant (29ZD) are MW269872, MW269873, MW269874 and MW269875respectively. 

 

 

4.4.5 DENV-3 NS1 gene cloning and sequencing 

 All attempts to amplify NS1 from DENV-3 clinical isolates (eg. 71ZD, 72ZD, 66ZD, 3ZD, 

57ZD, 77ZD, 69ZD, 32ZD, 26ZD, 74ZD) proved unsuccessful. For this, primers specific to 

the DENV-3 targeting NS1 with signal sequence (29 amino acids) were used. However, it 

was possible to amplify DENV-3 NS1 (Figure. 4.4) from some of the DENV mixed infection 

cases, which were also DENV-3 positive, besides containing other serotypes (Table 3.1). 
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Unlike the DENV-3 only clinical isolates as described before, many of these mixed infection 

cases were NS1 ELISA positive. Two such isolates were 12ZD and 49ZD who came positive 

for both DENV-2 and DENV-3 and were NS1 ELISA positive. So we amplified the NS1 gene 

from those clinical isolates.  

 4.4.6 Identification of NS1 amino acid changes in DENV-3 isolates  

Compared to wild-type (wt) DENV-3 sequences, 12ZD showed the amino acid changes 

V155M (GTG  ATG); 49ZD showed amino acid change I71V (Figure 4.9) (Table 4.4).The 

most interesting amino acid change that we observed in one of the clones from DENV-3 

isolates is the presence of premature stop codon after 68 amino acids (as in isolate 61ZD). In 

order to analyse whether the aforesaid mutations contribute to the variable results obtained in 

different NS1 ELISAs, these mutations were obtained in the DENV-3 wt plasmid (ss-

DENV3-wt) backbone by site-directed mutagenesis (Figure 4.9). 

Name Mutation Site of mutation and its 

significance 

72ZD-DENV-3 (2 clones) 

(Topo-TR1, 10) 

WT Wild type  

12ZD (1 clone) 

(Topo-TR7) 

V155M 

(GTGATG) 

No such reported mutations 

are found previously 

61ZD (1 clone) 

(Topo R11pcDNA cl-2, 5) 

Premature Stop 

Codon after 68aa. 

No such reported mutations 

are found previously 

49ZD-DENV-3  

(PR2 ,4, 11) 

I71V 

(ATAGTA) 

No such reported mutations 

are found previously 

 

Table 4.4:  DENV-3 NS1 mutations found with nucleotide and amino acid changes 

_________________________________________________________________________
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Figure 4.9: Multiple sequence alignment of NS1 amino acids of circulating DENV-3 clinical 

isolates along with other closely related DENV-3 NS1 sequences, identified by BLAST search. 

Accession numbers for the DENV-3 wt clinical isolate (54ZD), the Val155 Met variant 

(12ZD), the truncated Trp68stop variant (61ZD) and the Iso71Val variant (49ZD) are 

MW269876, MW269877, MW269878 and MW269879 respectively. 
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4.4 DISCUSSION  

Dengue is a rapidly emerging RNA virus with no proof-reading capacity, which is causing 

dengue in India and many parts of the world in recent decades with varying severity ranging 

from dengue fever (DF), DHF, and DSS. This is a vector-borne virus and is rampant in areas 

where the Aedes spp mosquitoes are prevalent.  

Our studies have shown conclusively that individual Aedes mosquitoes in the Kolkata region 

are carrying the virus (>60%) and more interestingly, >90% of larvae are infected, suggesting 

transovarial transmission (147).  

We have shown that the DENV-3 strains, collected during 2015-17, were second most 

prevalent to DENV-2 and, surprisingly, non-responsive to three different commercially used 

NS1-detection ELISAs.  We proposed that variability in the NS1 gene of DENV strains 

circulating recently in the population possibly has a bearing with evasion of detection by NS1-

detection based ELISAs. To determine NS1 amino acid changes, the NS1 gene from 

circulating virus serotypes DENV-1, DENV-2, and DENV-3 had been cloned in a mammalian 

expression vector. The purpose was to find the amino acid changes in NS1 by sequencing and 

dissect the individual role of the amino acid variations on detection by ELISAs and the degree 

of extracellular NS1 secretion from transfected cells NS1-mediated pathogenesis in cell 

culture. 

Amino acid variations in NS1 arising from various selection pressures may have a bearing 

with virus biology in the host as NS1 is considered a virus toxin with implications in causing 

vascular damage and reducing platelet count besides other effects. NS1 is a highly conserved 

glycoprotein (352 amino acids) with a molecular weight of 46-55 kDa. One report suggested 

that the replacement of DENV sequences into West Nile Virus NS1 at RQ10 to NK, a site 

that played a role in cell membrane association, enhanced WNV NS1 secretion (149). 

Therefore, mutations in the NS1 region can also play important role in NS1 secretion.  
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NS1 exists in diverse forms: intracellular dimer form that plays a role in genome replication; 

membrane-associated form, and the secreted soluble hexameric form. As mentioned earlier, 

the latter serves as a potential diagnostic marker for early detection of infection caused by the 

dengue virus. Intra-cellular form of NS1 on the ER membrane was found to be co-localized 

with double-stranded RNA and other components of viral replication complex and plays a 

significant role in virus replication and synthesis of negative-strand viral RNA. It was also 

reported previously that deletion of NS1 reduced viral replication and infection (150).  

One of the reports suggested that polymorphism present in NS1 may not necessarily 

contribute to the sensitivity of NS1 ELISA. They found most of the polymorphisms in DENV-

1 followed by DENV-3, DENV-2, and DENV-4 despite the small sample number of DENV-

2 and DENV- 4 (137). 

 To study DENV NS1 in the recently prevalent DENV strains (2015-17), viral nucleic acid 

was isolated from DENV-infected sera, and the cDNA copy of the NS1 gene (along with 

signal sequence) was obtained by reverse transcription.  The latter was amplified from the 

most prevalent serotypes and cloned initially into TOPO-TA to get sufficient templates for 

restriction-digestion. After sequence confirmation, the TOPO-TA plasmid, containing the 

target NS1 gene and the vector pcDNA3.1(+) were both digested using Nhe 1 and Xho 1 (for 

DENV-2 NS1 gene) or by BamH1 and Xho 1 (for DENV-3 NS1 gene). The digested NS1 

gene was then ligated in the digested expression vector using T4 DNA ligase. The resultant 

recombinant pcDNA3.1+ was subsequently transformed into XL1-Blue cells. Positive 

colonies were screened by colony PCR, and isolation of plasmid was done by using QiaQuick 

Plasmid Isolation kit. For confirmation of the cloned gene in pcDNA3.1(+), sequencing was 

done and checked using MEGAX and BioEdit alignment tools. 
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Chapter 5 

Transfection of cloned NS1 gene in 

eukaryotic expression vector to study 

the effects of DENV NS1 and its 

variants in mammalian cell lines to 

elucidate the role of DENV-NS1 in 

pathogenesis 
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5.1 INTRODUCTION 

The most appropriate tool is transfection to study the function of a gene or gene products in a 

cell. It is a procedure by which foreign genes are introduced into the cells to produce 

recombinant cells. Depending on the nature of genetic material (DNA or RNA) which was 

introduced can exist in cells either stably or transiently.  Transfection is generally of two types 

stable and transient transfection. Stable transfection means sustained transgene expression 

even after host cells replicate, while transient transfection allows gene expression only for a 

limited period. For stable transfection, genetic material requires a marker gene for selection 

and is integrated into the host genome, but in the case of transient transfection genetic material 

is not integrated into the host genome. So ideal method of transfection is selected based on 

the requirement of the study. The chemical transfection method was chosen for our research 

where positively charged chemicals form nucleic acid/chemical complexes with negatively 

charged nucleic acids. These complexes are attracted to the negatively charged cell membrane 

(151).  

The DENV NS1 is a glycoprotein of around 46–50 KDa, that shows high conservation among 

the four DENV serotypes and even among various other arthropod-borne flaviviruses (141). 

Dengue NS1 is a multifaceted viral protein reported to play a role in virus replication and 

pathogenesis. Its use as a diagnostic biomarker, therapeutic agent, and vaccine candidates has 

been explored (152-154). NS1-ELISA is a faster, cheaper, and technically less demanding 

method than the gold-standard RT-PCR method for DENV detection. But it has been well-

documented that the NS1-ELISA method is less sensitive (140,156). The question is why 

some dengue samples are not detected by NS1-ELISA and to search for the answer, we have 

thoroughly analyzed fifty-eight serum samples from patients with dengue-like fever 

symptoms. Detailed molecular typing by RT-PCR and sequencing had been conducted to 

test/confirm the presence of DENV in all the samples. ELISA studies were carried out with 
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three commercially available NS1-ELISA kits to detect NS1 antigen in the samples. Cloning 

and sequencing of NS1 genes were performed to check if there were amino acid changes in 

the NS1 sequences in the DENV RNA-positive samples but not detected by ELISA. The 

expression of NS1 genes in different cell lines was studied to check NS1 production and 

secretion levels. Besides characterizing circulating dengue serotypes in Kolkata, the present 

study reports specific mutations found in the samples which were not readily detected by NS1-

ELISA and their possible role in NS1 function.  

 

5.2 METHODS 

5.2.1 Transfection of NS1-gene in mammalian cell culture 

Transfection of both wild-type and the mutant NS1 plasmids in Huh-7, Vero, and A549 cell 

lines were carried out using Lipofectamine ® 3000 (Thermo Fisher). Transfection efficiency 

was normalized using the SEAP reporter gene assay (Invivogen, USA). Supernatant and cell 

lysates for each plasmid type transfected were collected from a minimum of three replicate 

cultures, per experiment, in twelve-well tissue culture plates (Nunc) after 48 and 72 hrs post-

transfection. Cell supernatant (secreted NS1) and cell lysate (intracellular NS1) were detected 

by Platelia™ NS1-ELISA and quantified with respect to a standard curve generated using 

known concentrations of commercially available NS1 antigen (BioRad, PIP047A) used in 

respective ELISA plates (Table 5.1). 
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Name of DENV 

NS1 variant 

(with signal 

sequence, 

generated by SDM 

Target 

mutation (s) 

Recombinant 

Plasmid 

backbone used 

for SDM 

Names of Primers used 

67ZD-M167 

(single variant) 

A236V 67ZD-M167-

A236- double 

variant 

 

A236V-F 

A236V-R 

DENV-2-V67 

(single variant) 

M67V 

(target mutation 

as observed in 

64ZD clinical 

isolate) 

ss-DENV-2-wt 

 

M67V-F 

M67V-R 

DENV-2-E11 

(single variant) 

K11E 

(target mutation 

as observed in 

29ZD clinical 

isolate) 

ss-DENV-2-wt 

 

K11E-F 

K11E-R 

 

Table 5.1. Summary of DENV-2 NS1 variants obtained for further characterization. 

 

5.2.2 Statistical method 

We compared the concentration of Mutant and Wild type NS1 production and secretion from 

three Dengue serotypes and controls using one-way analysis of variance (ANOVA) and 
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Tukey's multiple-comparison posttest. Differences between groups were considered to be 

significant at a P value of <0.05. Statistical analyses were performed with GraphPad Prism 

5.0 (GraphPad Software, Inc., San Diego, CA). 

 

5.3 RESULTS 

5.3.1 Transfection of NS1-gene in mammalian cell culture 

Transfection studies of cloned NS1 genes from DENV-1, 2, and 3 in human hepatocarcinoma 

cell line i.e. Huh-7 and other cell lines like Vero (kidney cell line) or A549 (lung epithelium 

cell line) were carried out. The objective was to elucidate the underlying role of the identified 

NS1 mutations in terms of NS1 production and secretion in different cell lines compared to 

DENV wt strains. 

Huh-7 cells were transfected with DENV-1, 2, and 3 NS1 wt plasmids and it was evident from 

the results that the production and secretion of DENV-1 were highest among all three 

serotypes in human liver cells (Figure 5.1). It was also observed that Huh-7 (a liver cell line) 

is most conducive to DENV-2 NS1 production and secretion (Figure 5.2). 

 

 

 



125 

 

 

 

Figure 5.1: NS1 production and secretion are higher for DENV-1 at 48h (*) (p ≤ 0.005) 

compared to DENV-2 and DENV-3 and more prominent (*) (p < 0.0001) at 72h post 

transfection in Huh-7 cells. 

 

 

 

 

Figure 5.2: DENV-2 NS1 production and secretion were significantly higher (*) (p ≤ 0.03) in 

case of Huh-7 cells than in Vero and A549. Only exception was intracellular NS1 production 

in Huh-7 cells at 48h post-transfection. The latter was higher than that in Vero but the 

difference was not statistically significant (p = 0.05). 
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The DENV-2 Lys11Glu variant showed significantly higher NS1 secretion compared to wt 

and other variants at 72h post transfection in both Huh-7 (Figure. 5.3) and Vero cells      

(Figure. 5.4), confirming previous report that dengue NS1 N10K11 region plays an important 

role in NS1 secretion (55). 

 

 

Figure 5.3: In Huh-7 cells the production and secretion of double mutant NS1 was 

significantly less (p ≤ 0.003) at 72h post transfection compared to DENV-2 wt. NS1 

production and secretion were less at 48h for the double and single mutant (Ile167Met) but 

not significantly (p≥0.05). For the single mutant, NS1 production or secretion was not 

different from wt levels at 72h (p =1.0). DENV-2 mutant (Lys11Glu) showed significantly 

higher secretion (#) (p ≤ 0.008) compared to wt and other variants at 72h. 
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Figure 5.4: In Vero cells, NS1 production for the double mutant was less but not significantly 

at 48h and 72h. However, secretion was significantly less at 48h (*) (p <0.005) and 72h post-

transfection (**) (p=0.0001). DENV-2 mutant (Lys11Glu) showed significantly higher 

secretion (#) (p ≤ 0.0001) compared to wt and other variants at 72h. 
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Figure 5.5: In A549 cells, NS1 production and secretion were less in case of the double 

mutant, compared to wild-type at both time points but difference was not statistically 

significant. DENV-2 mutant (Lys11Glu) showed significantly higher secretion (#) (p ≤ 

0.0001) compared to wt and other variants at 72h. 

 

The DENV-2 double mutant (Ile167Met; Val236Ala) showed significantly lower NS1 

production/detection compared to DENV-2 wt and the other three DENV-2 variants in all 

three cell lines tested (Figure 5.3-5.5). This explains why this isolate was NS1 ELISA 

negative.NS1 production and secretion were higher for both DENV-3 variants compared to 

DENV-3 wt. The DENV-3 isolate with premature stop codon in NS1 was also found NS1 

ELISA negative (Figure. 5.6). 
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Figure 5.6: NS1 production and secretion in Huh-7 were significantly higher for both DENV-

3 variants compared to DENV-3 wt(*) (p ≤ 0.003). wt: wild-type; DM:  double mutant. Error 

bars indicate SD. 

 

5.4 DISCUSSION 

5.4.1 DENV NS1 ELISA detection in Viral RNA positive samples. 

Dengue has become endemic in India, and clinicians are increasingly using DENV NS1 

detection for dengue confirmation as practiced in other DENV-afflicted places worldwide. 

Taking the molecular diagnosis as gold-standard, 65% (n=30/46) of the DENV-RNA positive 

samples were NS1-positive by ELISA. Molecular diagnosis detected DENV in 79.3% of the 

sera samples studied (46/58). The detailed molecular studies of the fifty-eight dengue-like 

fever samples have shown that DENV-2 was the most prevalent serotype compared to DENV-

3 and DENV-1 during 2015-2017. When the samples were tested with three commercially 

available ELISA kits which are routinely used in clinics for dengue diagnosis, it was found 

that the kits were not 100% sensitive. This has earlier been shown; for example, in one study 

in Indonesia, 188 of 440 serum samples collected during 2010-12, were DENV-positive by 

molecular diagnosis, and the sensitivity of NS1 ELISA assay (Panbio Dengue Early ELISA, 

Australia) was determined at 56.4% (136). The same study reported that the low sensitivity 



130 

 

of NS1 antigen detection had no co-relation with NS1 genetic diversity. Instead, the authors 

opined that the performance of the NS1 antigen test was affected by the infection status of 

patients, prevalent serotypes, and the geographical origin of the samples. In another study 

conducted in Florida, USA, out of 21 sera samples, fourteen were qRT-PCR positive for 

dengue (66.7%) and of these, nine (64.3%) were NS1-positive by Panbio ELISA (138). A 

multi-country evaluation study reported that the best performing NS1 assay had only 

moderate sensitivity (median 64%, range 34-76%), with 100% specificity. The poor 

sensitivity of the evaluated assay has been related to study sites in different geographical 

regions, suggesting the need for further assessment (140). In the above study in Indonesia, 32 

of the 188 DENV-positive sera contained DENV-3, and the NS1 sensitivity was 68.8% 

(22/32). 

 

5.4.2 All DENV-1 and more than 80% of the DENV-2 isolates were detected 

by NS1 ELISAs. 

Since all the DENV-1 samples were detected by NS1 ELISAs so only one clinical sample 

(17ZD) was selected and considered as the representative of DENV-1 samples (DENV-1 wt). 

Further sequence analysis also confirmed that the DENV-1 NS1 sequence matched with 

several other NS1 sequences from Asia and had no remarkable amino acid change which can 

differentiate it from other sequences available in GenBank (Figure.4.1).  

For DENV-2, the isolate 18ZD was chosen as representative sample for the 17 all NS1 

ELISA-positive samples. As in DENV-1 wt, this isolate was also free from any mutation that 

could substantially differentiate it from other DENV-2 sequences available in GenBank 

(Figure. 4.2). The NS1 gene was amplified for the DENV-2 isolates 67ZD, 64ZD and 29ZD 

which came negative in NS1 ELISA tests used. 67ZD had double mutations, Ile167Met 

and Val236Ala; 64ZD showed amino acid change Met67Val and 29ZD showed amino 
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acid change Lys11Glu when compared to the DENV-2 wt sequences (Table 5.1). It has 

been reported that the 141-168 amino acids region is highly conserved among all serotypes 

of DENV (154). Then region encompassing amino acids 225-245, is also highly conserved 

in DENV1-3 but not DENV-4 (58). 

These mutations were suspected to affect NS1 detection as these were absent in all the NS1 

sequences available in the GenBank. For instance, we did not consider the Phe178Ser 

change in 67ZD as this change had been reported in the isolate JQ922551 (Figure 4.2). On 

the contrary, it is interesting to note that none of the ten DENV-3 isolates in our collection, 

circulating during 2015-17 in Kolkata were NS1-positive but produced distinct PCR bands, 

confirmed by sequencing (Fig 4.7). This condition poses potential risk of such samples going 

undiagnosed in clinical settings when tested by routinely used NS1 ELISAs. The detection 

rate, however can be increased if NS1 and IgM results are combined but the latter suffers 

from lower specificity (137). Therefore, interesting point was to determine why some 

samples were undiagnosed by NS1-ELISA and this prompted us to study the details of the 

NS1-ELISA negative samples and compared them to the detected ones. 

 

5.4.3 Detection of a premature stop codon in NS1 gene of DENV-3 clinical 

isolate. 

Amplification of NS1 gene of the ten ELISA-negative DENV-3 serotypes was unsuccessful 

except for 61ZD which had a premature stop codon at amino acid position 68 

(Trp68STOP). However, it was possible to amplify DENV-3 NS1 from some of the DENV 

mixed infection cases. Two such NS1 ELISA-positive isolates were 12ZD and 49ZD which 

contained both DENV-2 and DENV-3. Compared to DENV-3 wt 12ZD showed the amino 

acid change Val155Met and 49ZD showed amino acid change Ile71Val (Fig 4.7). 
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Previously one report gave evidence that 141-168 amino acid region of the NS1 protein is 

highly conserved region among all serotypes of DENV (154). 

 

5.4.4 DENV-1 NS1 production was highest. 

Transfection experiments clearly showed that NS1 production and secretion was highest in 

Huh-7 cell lines and DENV-1 NS1 produced significantly higher NS1 compared to the two 

other serotypes (Fig.5.1 & 5.2). This corroborates well with the observation that all the 

DENV-1 RT-PCR positive samples also tested positive by the NS1 ELISAs, including the 

DENV-1 containing mixed infected samples. 

 

5.4.5 Val236Ala mutation present in DENV-2 NS1 prevents ELISA-based 

NS1 detection. 

The DENV-2 double mutant showed lower NS1 production and secretion compared to 

DENV-2 wt and the other three DENV-2 variants in all three cell lines tested (Fig. 5.3-5.5). 

The clinical sample 67ZD that harboured these double mutations was not detected by NS1 

ELISAs. The single mutant (Ile167Met), generated by SDM from DENV2 wt, showed no 

difference in intra- or extracellular NS1 levels compared to DENV-2 wt (Fig.5.3) implying 

that (Val236Ala) was actually responsible for reducing NS1 detectability by ELISAs. 

There was no other amino acid difference between 67ZD and DENV-2 wt. Incidentally, 

Val236 appears to be conserved across all DENV serotypes as evident from GenBank 

sequence repository and has been implicated to be involved in flavivirus NS1 dimer 

formation, a prerequisite for NS1 secretion (160). The SDM-generated mutant (carrying the 

Met67Val mutation from 64ZD in DENV-2 wt backbone), did not show any significant 

difference to DENV-2 wt in terms of NS1 production/secretion (Fig. 5.3). 

 



133 

 

 

5.4.6 NS1 production of DENV-3 wt was least in all cell lines and among 

serotypes 1-3. 

DENV-3 wt produced and secreted less NS1 antigen (Fig. 5.1) perhaps making it difficult for 

the commercial NS1-antigen based ELISA kits to detect them. The DENV-3 clinical isolate 

with premature stop codon (Trp68STOP) in NS1 was also found NS1 ELISA negative as 

expected. Therefore, the dengue cases with DENV-3 serotypes are probable to go 

undiagnosed and underreported based on our study. However, NS1 production and secretion 

were significantly higher for both the DENV-3 variants compared to DENV-3 wt and reached 

levels higher than even DENV-2 wt (Fig.5.3, 5.6). In conclusion, the DENV-2 mutation 

Val236Ala (as in isolate 67ZD) and the DENV-3 mutation Trp68STOP (as in isolate 

64ZD) are examples of circulating DENV strains that may evade NS1 detection by 

commercially available ELISAs. 

 

5.4.7 NS1 production increased in DENV-2 and DENV-3 NS1 variants. 

Lys11Glu mutation in DENV-2 NS1, Val155Met and Iso71Val mutations in DENV-

3-all resulted in increased secretion and detection of NS1 compared to respective wt strain. 

Of these, the above DENV-2 mutation is a change from a basic residue (Lys/Arg 

polymorphism is commonly observed at position 11 in DENV serotypes 1-3) to an acidic 

residue. In this perspective, a previous study showed that a change of DENV Asn10-Lys11 

to West Nile Virus (WNV) Arg-Gln amino acids at positions 10 and 11 respectively, switched 

the NS1 expression pattern of DENV-2 to one that resembled that of WNV NS1 with 

increased surface expression. Reciprocal substitution of DENV sequences into WNV NS1 

i.e. Arg-GlnAsn-Lys, a site known to play a role in cell membrane association, enhanced 

WNV NS1 secretion but reduced viral replication (56). So, it appears that the basic to acidic 
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amino acid change Lys11Glu in DENV-2 NS1 resulted in more NS1 secretion as mutations 

in these two positions are known to affect NS1 surface expression and secretion patterns. 

In conclusion, these NS1 mutations from clinical isolates directly correlate with the 

production and secretion and hence, detection of NS1. Further polycentric study to define 

more NS1 mutations in clinical samples is needed to for proper diagnosis of all the dengue 

serotypes. 
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Chapter 6 

Design of synthetic peptides targeting 

dengue virus non-structural protein 1 to 

determine their effects in cell culture 
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6.1 INTRODUCTION 

Cell-penetrating peptides(CPP) can easily enter cells ubiquitously in an energy-dependent or 

energy-independent manner. Maximum CPP are positively charged peptides but few anionic 

or hydrophobic CPPs had also been designed. There are three types of peptides available, 

namely a) peptides derived from proteins; b) joining of two natural sequences giving rise to 

chimeric peptides and c) sequences based on structure-activity studies giving rise to synthetic 

peptides (157). CPP can be termed as biologically active molecules comprising of amino acid 

residues joined by peptide bond and generally contain less than 100 amino acid residues. 

However, in the past, the use of peptides was not prevalent due to their instability where they 

could be easily degraded by proteases present in the human body. Recent advances have led 

to the arena of modified peptides such as synthesis of D-amino acids, cyclic peptides, and 

incorporation of chemicals and nanocarriers to increase the stability of peptides in human 

beings. One of the most notable synthetic antiviral peptides available is FuzeonTM 

(enfuvirtide), which blocks viral fusion by binding to the gp41 (polypeptide chain) of the 

human immunodeficiency virus (HIV) type-1 envelope protein. This is the only antiviral 

peptide that is commercially available for the treatment of HIV infections (158). For dengue 

peptides were found to block the action of viral structural proteins and enzymes in virus entry 

and virus RNA processing. These included peptides targeting dengue virus structural proteins 

such as C, prM, and E as well as non-structural proteins such as NS2B/NS3 protease and NS5 

methyltransferase (159). In this study, we have designed peptides from two conserved regions 

of NS1 protein that are important for dimer formation. FITC-labeled lysine residue was 

incorporated in both of these peptides at the N-terminal region. We have also included ER 

retention signal peptide sequence KDEL at the C-terminal region to prevent the NS1 peptide 

from being secreted from ER because ER is the region where monomeric NS1 protein 

undergoes dimerization. 
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6.2METHODS 

6.2.1 Cell lines 

Huh-7 Cells were obtained from NCCS, India. Cells were cultured at 37°C in 5% CO2 

atmosphere with Dulbecco modified Minimum Essential Media (D5796, Sigma) 

supplemented with 10% fetal bovine serum (FBS) and Pen-Strep and L-glutamine mix 

(Sigma). 

 

6.2.2 Synthetic peptides 

The peptides were designed corresponding to the conserved regions of NS1 protein and 

obtained commercially. They were named DR_1 AND DR_2. The peptide sequence of DR_1 

is RRRRRRRRRGKELKCGSGIFKDEL between residue 40-50 and that of DR_2 is 

Sequence RRRRRRRRRGHTLWSNGVLESKDEL between residue 258-270 of DENV-2 

NS1 (Fig 4.6). Both the sequences were also labeled with FITC at the lysine residue and they 

were procured and named DR_3 and DR_7 respectively. The peptide sequence of DR_3 is 

KRRRRRRRRRGKELKCGSGIFKDEL (FITC-Ahx (N-Terminal)) and that of DR_7 is 

KRRRRRRRRRGHTLWSNGVLESKDEL (FITC-Ahx (N-Terminal). The chemically 

synthesized peptides were diluted in DMSO to prepare a final concentration of around 5mM. 

 

6.2.3 Cytotoxicity Assay 

The cytotoxicity of DR_1, DR_2, DR_3, and DR_7 was examined using an MTT assay. The 

peptides were initially dissolved in DMSO and a working concentration of 50 μM, 25 μM, and 

12.5 μM in serum-free DMEM was prepared. Huh-7 cells were grown in 96-well plates at a 

density of 5 × 103 cells per well. The cells were treated with 200 μl of different concentrations 

of peptides and incubated for 48 hr respectively. After 48 hr media was discarded and washed 

with 1X PBS. 100μl DMEM was added and 10 μl of MTT solution (12mM) was added to each 
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well, and the plate was re-incubated for 4 hrs at 37C in a CO2 incubator. Finally, the medium 

was removed and 50 μl of DMSO was added to solubilize the formazan crystals. The amount 

of formazan crystal was determined by measuring the absorbance at 540 nm using a microplate 

spectrophotometer Biorad imark Microplate reader. All peptide concentrations were tested in 

triplicate. 

 

6.2.4 Peptide Assay to check the effect of peptides on NS1 production and 

secretion. 

Huh-7 cells were grown in 12-well plates at a density of 2× 105 cells per well containing 10% 

FBS. Cell media was then discarded and incubated at first with 1ml of 50μM concentration of 

both peptides DR_1 and DR_2 for two hours. Both DR_1 and DR_2 have 9 arginine residues 

for rapid uptake of the peptide. After 2 hours 0.5ml DMEM containing 1 % FBS was added 

and then Standard Lipofectamine ® 3000 (Thermo Fisher) transfection was carried out using 

plasmid DNA encoding NS1 gene. Transfection efficiency was also normalized using SEAP 

reporter gene assay (Invivogen, USA). To check for the effect of the peptide on the production 

and secretion of NS, supernatant and cell lysates for each well transfected were collected from 

a minimum of three replicate cultures, per experiment after 48H of post-transfection. Secreted 

NS1(Cell supernatant) and intracellular NS1(cell lysate) were detected by Platelia™ NS1-

ELISA as described earlier. 

 

6.2.5 Immunofluorescence Assay 

Huh-7 cells were grown on glass coverslips. They were treated with peptides and transfected 

with plasmids simultaneously. They were fixed at 48H post-transfection using 4% 

paraformaldehyde for 30 min at room temperature. The fixed cells were washed with 1X 

PBS, blocked with 1% bovine serum albumin (BSA)–0.5% Triton X-100 in PBS for 30 min 
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and incubated for 90 min in the presence of Alexa Fluor 488-labeled mouse anti-dengue NS1  

antigen (Invitrogen). Cells were washed and coverslips were mounted on slides using Prolong 

Gold antifade reagent with DAPI (Invitrogen). Cells were examined by immunofluorescence 

microscopy for detection of intracellular dengue NS1 Ag in cells using ZOE Fluorescent cell 

imager. 

 

6.3 RESULTS 

6.3.1 Effect of synthetic peptides on extracellular and intracellular NS1 

secretion and production.  

 

Transfection of cloned NS1 gene from DENV-2 and treatment with our designed synthetic 

peptides DR_1, DR_2, DR_3, and DR_7 in human hepatocarcinoma cell line i.e. Huh-7 were 

carried out. The objective was to elucidate the effect of synthetic peptides on the production 

and secretion of NS1 when compared to wild-type control i.e. cells expressing only NS1. It 

was evident that when cells were treated with peptides compared to untreated cells, the 

production, as well as secretion of NS1, were significantly inhibited at 50 μM concentration 

(Figure 6.1,6.2). 
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 Figure 6.1: Effect of synthetic peptides on extracellular NS1 secretion. DR_1 +DR_2   

concoction (50μM) significantly inhibited NS1 secretion. DR_2 and DR_3 also inhibited NS1   

secretion compared to DR_7 along. 

 

 

 

 

Figure 6.2: Effect of synthetic peptides on intracellular NS1 production. DR_1 +DR_2 

concoction (50μM concentration) significantly inhibited NS1 secretion. DR_2 also inhibited 

NS1 production compared to DR_7 alone.  
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6.3.2 Immunofluroscence assay. 

Fluorescent signals of peptides were detectable in FITC labeled DR_3 peptide (50 μM 

concentration) showing the efficient uptake of DR_3 peptide in Huh-7 cells 48h later which 

suggests high efficiency of peptide entry into the cells compared to Mock Huh-7 cells not 

treated with peptide (Figure 6.3 (a) and (b)). DR_7 peptide treatment was also done but Huh-

7 cells failed to uptake DR_7(Figure 6.3(c)) due to some reasons and therefore DR_7 failed 

to show any effect on NS1 production and secretion. DR_7 was FITC-Labelled DR_2. 

 

 

 

Figure 6.3(a): DR_3(50 μM) peptide uptake by Huh-7 cells after 48H of treatment. 
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Figure 6.3(b): Huh-7 cells without peptide(DR_3) treatment after 48 H 

 

 

Figure 6.3(c): DR_7 peptide uptake by Huh-7 cells after 48H of treatment. 
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6.3.3 Cell viability assay 

Cell cytotoxicity assay was also done and it was observed that after 24h both DR_1(50 μM) 

and DR_2(50μM) showed 44% percentage viability. The results of this cell viability are given 

below in (Table 6.1). Further experiment were not done as this amount of viable cells cannot 

significantly contribute to the outcome of the future results.   

 

Table 6.1: Percentage viability of all the four peptides DR_1, DR_2, DR_3, DR_7. 

 

6.4 Discussion 

The lifecycle of DENV in host cells can be inhibited by using different strategies. Recent 

studies illustrated that peptide inhibitors can be used as a treatment of DENV infection. Here 

in this study we have used DENV NS1 protein, an early diagnostic biomarker of dengue 

required for efficient replication of the virus in the host cells and can become a potential 

target for DENV inhibitor. The three important domains of DENV NS1 are hydrophobic β-

roll (dimerization domain, amino acids 1–29), wing (connector subdomains, amino acids 30–

37 and 152–180; α/β subdomain, amino acids 38–151), and β-ladder (amino acids 181–352), 

which are found to play a role in viral RNA replication, DENV production, and modulation 

of host immune responses. Different studies reported that amino acid residue 14-23 of capsid 

protein can inhibit the binding of lipids with capsid proteins. Peptides containing the amino 

acid residues 25–42, 98–109, and 340–354 of domains I, II, and III of DENV E protein were 

found to inhibit all serotypes of DENV entry by binding with DENV E protein (159). 

In this study we have designed peptides, corresponding to the conserved region of DENV 

NS1 essential for dimerization of NS1. DR_1 is designed from residue 10 to 20 of the NS1 
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gene and this region was found to be important for dimerization (145). DR_2 is designed 

from residue 229 to 239 and found to contain an important residue V236 which was 

previously reported to be important for dimerization of NS1(160). DR_3 and DR_7 are FITC 

labeled identical counterparts of DR_1 and DR_2. Both DR_1 and DR_2 (50μM) although 

significantly up-taken by Huh-7 cells post 48h treatment and were found to be effective in 

inhibiting both NS1 secretion as well as intracellular NS1 production. But cell viability assay 

showed that only 45% of cells were viable when treated with 50μM of DR_1 and DR_2 

peptide respectively. Lower concentrations of the peptides should be used in the future to see 

whether the peptides do have antiviral effects at less toxic concentrations. 
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7.SUMMARY 

Dengue virus (DENV) is the most widespread arthropod-borne Flavivirus, infecting 396 

million people worldwide annually. DENV infections can often lead to life-threatening 

conditions like dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS). Kolkata 

is endemic for DENV and reports high incidences every year in present times. DENV clinical 

isolates collected during 2015-17 were analyzed to identify the relative prevalence of various 

DENV serotypes co-circulating in the population. For this, RT-PCR and DNA sequencing 

were performed on RNA extracted from serum samples of DENV-suspected fever cases and 

DENV NS1-ELISA positive cases.  

Part of this surveillance study has already been published in 2018. This was the first report 

of molecular typing of DENV in individual vector samples from India. This surveillance 

report suggested that vector mosquitoes (adults and larvae) played an essential role in the 

maintenance of viruses in nature over the seasons and that mosquito eggs act as a repository 

of these viruses. Studying a relatively small sample size of an adult and larval stages of Aedes 

mosquitoes (n=20), collected from two locations in the city, the larval infection rate was 

found rather high (92%), suggesting transovarial transmission. The adult mosquito infection 

rate was recorded at 63%. The report provided direct molecular evidence that DENV-3 and 

DENV-2 were the most prevalent serotypes followed by DENV-1 during 2015-2016 in 

Kolkata. Interestingly, DENV-3 was readily detected in all DENV-positive adult mosquito 

and larva samples. In our study, DENV gene sequences were furnished for all human and 

vector samples studied to confirm that the PCR bands were indeed serotype-specific. There 

were nucleotide/amino acid differences among the different samples tested. 

Samples from fifty-eight patients who visited the outdoor clinic, CNMC, with dengue fever-

like symptoms during 2015-2017 were collected. Fifty-three of these samples were confirmed 

DENV-positive by RT-PCR and/or NS1 ELISAs. Five were DENV-negative by all tests. A 



147 

 

detailed molecular study by RT-PCR and sequencing confirmed eight DENV-1, twenty 

DENV-2, ten DENV-3, and eight mixed infections. One objective was to evaluate the relative 

specificity and sensitivity of NS1 ELISA kits for the early diagnosis of currently circulating 

DENV strains. Data indicated that there are DENV-3 and DENV-2 strains in circulation that 

are not readily detectable by enzyme immunoassays, although such samples are virus-

positive. It was apparent that amino acid variations in the NS1 protein were responsible for 

such evasion of immune detection. 

This NS1 gene from various DENV serotypes was PCR-amplified and sequenced to 

determine the amino acid changes relative to the consensus. In most cases, it was difficult to 

amplify the full-length NS1 gene (with a signal sequence for secretion at N-terminus), 

possibly because of high nucleotide sequence variability. Among the NS1 genes successfully 

amplified, cloned, and sequenced, amino acid variations relative to consensus were observed. 

Truncated NS1 was detected in one DENV isolate, which was originally ELISA-negative.  

NS1 gene from recently circulating ELISA-positive and ELISA-negative strains were further 

cloned in mammalian expression vector pcDNA3.1 (+) and transfected in various cell lines 

to check their detectability by EIA as well as determine the ratio of intracellular production 

and extracellular secretion of NS1 in the culture supernatant. Differences in levels of NS1 

produced/secreted were observed across DENV serotypes. Identified NS1 mutations were 

introduced in the respective DENV wild-type backbone by site-directed mutagenesis to check 

their effect on NS1 production and secretion in different cell lines. We report for the first 

time that NS1 mutations from clinical isolates directly correlate with the production and 

secretion and hence, detection of NS1. In conclusion, the DENV2 mutation Val236Ala (as in 

isolate 67ZD) and the DENV3 mutation Trp68STOP (as in isolate 64ZD) are examples of 

circulating DENV strains that may evade NS1 detection by commercially available ELISAs. 
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Further multicentric study to define more NS1 mutations in clinical samples is needed to 

formulate the confirmatory diagnosis of all the dengue serotypes. 

A couple of synthetic peptides mimicking NS1 dimerization sites were designed and tested 

on NS1 production and secretion in cell culture following NS1 gene transfection. 

Concentrations that lowered NS1 production were however, found rather cytotoxic. Further 

optimizations of the design of these peptides and their dosage are required to develop these 

as potential antiviral candidates. 
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