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Abstract 

Dengue is a widely spread disease caused by four serotypes (1, 2, 3 and 4) of an arthropod-borne virus of the same 

name (Dengue virus, DENV) belonging to the family Flaviviridae. Humans are the natural hosts for DENV infection, and 

the virus is transmitted via bites of infected mosquitoes. DENV is thus maintained in a vector-human-vector cycle involving 

the mosquito species Aedes aegypti or A. albopictus. Dengue disease varies in severity from a mild, flu-like illness (dengue 

fever, DF) to a haemorrhagic fever (DHF) to hypovolaemic shock (dengue shock syndrome, DSS). The severity is 

influenced by genetic background of the host as well as the strain and serotype of the infecting virus. Sequential infections 

with different serotypes may result in severe disease. Most assays for the rapid detection of DENV have been at research 

and development level until recently. A number of polymerase chain reaction (PCR) based assays are now approaching 

commercialization due to their sensitivity, specificity and the rapidity of detection of DENV in acute phase serum. An ideal 

Dengue vaccine candidate should be a tetravalent preparation capable of inducing simultaneous, life-long immunity to all 

four virus serotypes. However, even though several such vaccines have been derived from plaque purified viruses, vaccine 

trials face additional hurdles due to incomplete history of the isolates as many countries lack the facilities for systematic 

collection, identification or analysis of dengue viruses. The challenges are further complicated because of little 

understanding pathogenesis of the more severe forms of disease, DHF and DSS, a requirement for developing better 

strategies. Without information on the serotypes and genotypes circulating in a region and the infection rates in those areas, 

it will be extremely difficult to plan vaccine efficacy trials. 
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Introduction  

Dengue is the most common and widely 

distributed arthropod-borne viral infection in the 

world today (WHO). It is transmitted by the infective 

bite of Aedes (Stegomyia) aegypti and Aedes 

albopictus mosquito (Gubler, 1998). The former is 

also known as yellow fever mosquito, and is 

recognized by white markings on legs and a lyre 

marking on the thorax. The mosquito originated from 

Africa but is now found in most of the places in the 

world (Womack, 1993), a cause for concern world-

wide. Dengue is endemic in the tropics and 

subtropics. It is zoonotic and is maintained in nature 

by transmission to humans from monkeys or 

mosquitoes which breed in tree holes. 

There has been an upsurge recently in the rate 

of geographical spread, incidence and severity of 
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dengue fever (DF) and dengue hemorrhagic fever 

(DHF) in the Americas, South-East Asia, Eastern 

Mediterranean and the Western Pacific (Sharma et al., 

2000). The first reported epidemics of DF were in 

1779-80 in Asia, Africa, and North America. The near 

simultaneous occurrence of outbreaks on three 

continents indicates that these viruses and their 

mosquito vector have had a worldwide distribution in 

the tropics for more than 200 yrs. During that time, 

DF was considered a mild, nonfatal disease of visitors 

to the tropics. Marked association of DHF with 

mortality was however noted in 1896-97 in Charters 

Towers in Northern Queensland, Australia. It was 

observed that the disease was more severe and 

fatalities more frequent as one epidemics succeeded 

previous epidemics. In addition, the inter-epidemic 

interval was also observed to be getting longer (10-40 

yrs) as the number of epidemics increased (Hare, 

1897). 

One way to control Dengue is to control the 

vector. However, the A. aegypti mosquito breeds in 

any type of natural or man-made container having 

even a small quantity of water. In addition, eggs of   

A. aegypti can live without water for more than one 

year till the end of their embryonic development 

(Kliewer, 1961; Clements, 1992). This is facilitated 

by the serosal cuticle layer, which is synthesized at 

early embryogenesis, covering the embryo and 

imparting resistance to desiccation (Telford, 1957; 

Beckel, 1958; Harwood and Horsfall, 1959; Judson 

and Hokama, 1965; Rezende et al., 2008). Antivirals 

and vaccines, which can prevent or abrogate infection 

have been difficult to develop. Although nearly half 

the world’s population is at risk for infection and as 

many as 100 million cases occur annually, we have no 

antiviral drugs to treat and no vaccines to prevent 

Dengue. 

The Virus and Serotypes: Flavivirus (Flavus = yellow, 

Latin) is a genus of the family Flaviviridae (Kuno     

et al., 1998), both named after Yellow Fever virus. 

Flaviviruses have a (+) sense RNA genome 

surrounded by an icosahedral nucleocapsid, covered 

by a lipid envelope, and replicate in the cytoplasm of 

the host cells. The genome is composed of three 

structural protein genes, encoding the nucleocapsid or 

core protein (C), a membrane-associated protein (M), 

an envelope protein (E) and seven non-structural (NS) 

protein genes. The order of proteins encoded is 5’-----

C-- prM(M)--E--NS1--NS2A--NS2B--NS3--NS4A--

NS4B--NS5-----3’. The genome resembles mRNA 

molecule in all aspects except for the absence of the 

poly-adenylated (poly-A) tail. 

This feature allows the virus to exploit cellular 

apparatus to synthesize both structural and non-

structural proteins during replication. Individual 

proteins are generated by cleavage of genomic or 

subgenomic polyprotein. One of the products is a 

polymerase responsible for the synthesis of a (-) sense 

RNA molecule. Consequently this molecule acts as 

the template for the synthesis of the genomic progeny 

RNA (Henderson et al., 2011). The glycosylated 

envelope (E) protein is responsible for interaction of 

the virus with receptors, and fusion of viral membrane 

with cell membrane and is associated with elicitation 

of neutralizing antibodies. The E protein monomer 

has three domains, E-DI, E-DII and E-DIII, of which 

E-DIII is probably involved in recognition of the 

principal cell receptor (Rey et al., 1995; Crill and 
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Roehrig, 2001; Bhardwaj et al., 2001; Hung et al., 

2004). However, E-DII can also participate in the 

initial binding to an ancillary receptor, DC-SIGN, 

thereby possibly enhancing the local concentration of 

the primary receptor required for cell entry in the 

vicinity of the virus (Pokidysheva et al., 2006). 

Neutralizing epitopes are clustered at the tip of E-DII, 

which is also the location of the fusion peptide (Crill 

and Roehrig, 2001; Oliphant et al., 2006), the hinge 

region between E-DI and E-DII, and the lateral 

surface of E-DIII (Modis et al., 2005; Oliphant et al., 

2005). The hinge regions, between E-DI and E-DII 

and between E-DI and E-DIII, participate in structural 

rearrangements that occur at low pH as the immature 

virus is converted into infectious particles (Zhang      

et al., 2004) and in the initial stages of infection when 

the virus fuses with an endosomal membrane 

(Bressanelli et al., 2004; Modis et al., 2004). Before 

the fusion of the virus to endosomal membranes, the E 

dimers dissociate and then reassociate as trimers 

(Stiasny et al., 1996). 

Epidemiology  

Since DENV serotypes are phylogenetically 

distant, a recovered host possessing acquired 

immunity to one of the serotypes can be easily 

infected by another serotype (Zanotto et al., 1996). In 

fact, there have been instances of the coexistence of 

the four different serotypes of DENV at the same 

place and at the same time, making the 

epidemiological scenario different from the other 

diseases such as influenza. All the four serotypes are 

considered to have originated in Asian forests and 

subsequently spread worldwide relatively recently in 

association with the migration of people, and 

commerce (Gubler and Kuno, 1997). Furthermore, all 

the serotypes documented in Asia have suggested that 

they have coexisted in the same geographical region 

rather than being isolated strains that have mixed 

through recent human migration. 

In the 1980’s, DENV began a second expansion 

into Asia when Sri Lanka, India, and the Maldive 

islands had their first major DHF epidemics. After an 

absence of 35 yrs, epidemic dengue fever reemerged 

in both Taiwan and the People's Republic of China in 

the 1980s. The People's Republic of China had a 

series of epidemics caused by all four serotypes, and 

its first major epidemic of DHF, caused by DEN-2 

virus, was reported on Hainan Island in 1985 (Qiu     

et al., 1993). Singapore also had a resurgence of 

dengue/DHF from 1990 to 1994 after a successful 

control program had prevented significant 

transmission for over 20 yrs. In other countries of 

Asia where DHF is endemic, the epidemics have 

become progressively larger in the last 15 yrs 

(Anonymous, 1994). Pakistan as well as Saudi Arabia 

(DEN-2) first reported an epidemic of dengue fever in 

1994. The epidemics in Sri Lanka and India were 

associated with multiple serotypes although DEN-3 

virus was predominantly involved. Surprisingly 

though, this DEN-3 virus was genetically distinct 

from DEN-3 viruses previously isolated from infected 

persons in these countries. In India, Dengue is 

prevalent throughout most of the metropolitan cities 

and towns and outbreaks have also been reported from 

rural areas of Haryana, Maharashtra and Karnataka. 

In the Pacific, dengue viruses were reintroduced 

in the early 1970’s after an absence of more than 25 

yrs. Epidemic activity caused by all four serotypes has 
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intensified in recent years with major epidemics of 

DHF on several islands (Gubler, 1991). Despite poor 

surveillance in Africa, epidemic DF caused by all four 

serotypes has increased dramatically since 1980. Most 

of the activity has occurred in East Africa, and major 

epidemics were reported for the first time in the 

Seychelles (1977), Kenya (1982, DEN-2), 

Mozambique (1985, DEN-3), Djibouti (1991-92, 

DEN-2), and Somalia (1982, 1993, DEN-2). Epidemic 

DHF has not been reported in Africa or the Middle 

East, but sporadic cases clinically compatible with 

DHF have been reported from Mozambique and 

Djibouti (Gubler, 1988). The emergence of 

dengue/DHF as a major public health problem has 

been most dramatic in the American region. In 1970, 

only DEN-2 virus was present in the Americas, 

although DEN-3 virus may have had a focal 

distribution in Colombia and Puerto Rico. In 1977, 

DEN-1 virus was introduced and caused major 

epidemics throughout the region over a 16-yrs period. 

DEN-4 was virus introduced in 1981 and caused 

similar widespread epidemics. Also in 1981, a new 

strain of DEN-2 virus from Southeast Asia caused the 

first major DHF epidemic in the Americas (Cuba). 

This strain has spread rapidly throughout the region 

and has caused outbreaks of DHF in Venezuela, 

Colombia, Brazil, French Guiana, Suriname, and 

Puerto Rico. By 2003, 24 countries in the American 

region had reported confirmed DHF cases, and DHF 

is now endemic in many of these countries. From 

1977 to 2004, a total of 3,806 suspected cases of 

imported dengue were reported in the United States. 

Although some specimens collected were not 

adequate for laboratory diagnosis, 864 (23%) cases 

were confirmed as dengue. States in southern and 

southeastern United States, where A. aegypti is found, 

are at risk for dengue transmission and sporadic 

outbreaks (O'Meara et al., 1995). 

In 2005, dengue was the most important 

mosquito-borne viral disease affecting humans (WHO 

report); its global distribution was comparable to that 

of malaria, and an estimated 25 billion people

Table 1. Major factors that are considered to contribute to the pathogenesis of DHF 
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lived in areas at risk for epidemic transmission. The 

case-fatality rate of DHF in most countries was about 

5%, mostly of children and young adults 

(http://www.cdc.gov/ncidod/dvbid/dengue/#current), 

a figure which could have been reduced to less than 

1% with proper treatment. 

The reasons for the dramatic global emergence 

of DF/DHF as a major public health problem are 

complex and not well understood. However, several 

important factors can be identified. First, demographic 

changes causing uncontrolled urbanization and 

concurrent population growth have resulted in 

substandard housing and inadequate water, sewer, and 

waste management systems, all of which increase A. 

aegypti population densities and facilitate 

transmission of A. Aegypti-borne diseases including 

dengue. Second, due to the deterioration of the public 

health infrastructure, limited financial-human 

resources have resulted in a ‘crisis mentality’ with 

emphasis on implementing emergency control 

methods in response to epidemics rather than on 

developing programs to prevent epidemic 

transmission. As a result, an epidemic has often 

reached or passed its peak before it is recognized. 

Third, increased travel by airplane provides the ideal 

mechanism for infected humans to transport dengue 

viruses between population centers of the tropics, 

resulting in a frequent exchange of dengue viruses and 

other pathogens. Lastly, effective mosquito control is 

virtually nonexistent in most dengue-endemic 

countries.  

Considerable emphasis in the past has been 

placed on ultra-low-volume insecticide space sprays 

for adult mosquito control, a relatively ineffective 

approach for controlling A. aegypti. 

Symptoms of Dengue infection  

Humans appear to be the only hosts which 

develop disease following infection with dengue virus 

(DENV). Typically, symptoms develop 5-6 days after 

an individual is bitten by an infective mosquito. The 

disease occurs in three forms: Dengue Fever (DF), 

Dengue Hemorrhagic Fever (DHF) and Dengue 

Shock Syndrome (DSS). DF is a flu-like illness 

whereas DHF and DSS are more severe forms of 

disease which can be fatal if unrecognized and not 

properly treated. With good medical management, 

mortality due to DHF can be less than 1%. The WHO 

has issued guidelines for case definitions for dengue 

disease. The symptoms of Dengue Fever are abrupt 

onset of high fever, severe frontal headache, pain 

behind the eyes which worsens with eye movement, 

muscle-joint pains, loss of sense of taste and appetite, 

measles-like rash over chest and upper limbs, nausea 

and vomiting. Skin hemorrhages (petechiae) are not 

uncommon. DHF is characterized by four major 

clinical manifestations: high fever, hemorrhagic 

phenomena and often, hepatomegaly and circulatory 

failure and other non-specific constitutional symptoms 

similar to dengue fever such as anorexia, headache, 

and muscle or bone and joint pain. Some patients may 

complain of severe continuous stomach pains, 

bleeding from nose, mouth & gums and skin rashes, 

frequent vomiting with or without blood, sleepiness   

and    restlessness,   rapid   weak  pulse   and difficulty 

in breathing. DSS is also characterized by a rapid, 

weak pulse with narrowing of the pulse pressure <20 

mm Hg (2.7 kPa), regardless of pressure levels, e.g. 

100/90 mmHg (13.3/12.0 kPa) or hypotension with 
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cold, clammy skin and restlessness. There are the 

typical signs of circulatory failure: the skin becomes 

cool, blotchy and congested, and circumoral cyanosis 

is frequent. Patients may initially be lethargic, then 

become restless and rapidly enter a critical stage of 

shock. The duration of shock is short and uneventful: 

typically the patient dies within 12-24 hrs. 

Detection of virus  

Several immunological and molecular 

techniques have been attempted and proposed for the 

detection of antigen, antibodies or nucleic acid in 

order to detect DENV infection. Blood samples 

obtained from patients with an acute febrile illness of 

2–7 days duration and with at least three of the 

symptoms of headache, retro-orbital pain, muscular or 

joint pain, and rash are potential samples for 

laboratory confirmation. An ELISA has been 

described for detection of DENV among co-infections 

with Japanese encephalitis virus (Innis et al., 1989). 

One report showing positive results gave 

immunoglobulin (Ig) M >40 units or IgG >100 units. 

RT-PCR was performed by extracting RNA from 

serum sample using QIAGEN Viral RNA Extraction 

Kit per manufacturer's instructions and RT-PCR was 

conducted according to the Lanciotti protocol 

(Lanciotti et al., 1992) with few modifications of 

concentrations of the primers from 50 pmol to 12.5 

pmol per reaction, and increased amplification cycles 

to 25 (Sarala, 2008). 

Immunolopathogenesis in dengue disease: Infection 

with  any  one  DEN  serotype  provides  lifelong  

immunity  to  the homologous serotype, with only 

transient cross-protection against the remaining three 

serotypes (Innis, 1997). Epidemiologic and laboratory 

data suggest that cross-reactive antibodies produced 

during a primary infection can predispose an 

individual to potentially fatal DHF and DSS during a 

subsequent infection through antibody-dependent 

enhancement (ADE) (Halstead et al., 2005). A role for 

cross-reactive T cells in mediating immunopathology 

has also been proposed (Kurane and Ennis, 1997). 

Many factors may contribute to the observed 

pathology (Table 1). Central to the pathogenesis of 

DHF is the usurping of Fc receptors on mature 

dendritic cells and macrophages as a means of entry 

for complexes of dengue virus and sub-neutralizing 

antibody. These complexes form in the presence of 

cross-reactive antibody induced by a previous 

infection with a heterologous dengue serotype or, in 

infants with maternally derived IgG, when antibody 

levels drop below neutralizing levels. In such 

instances, the viral load is increased by means of the 

infection of an increased proportion of Fc-receptor-

bearing cells and an increased level of virus in each 

cell. The T-cell activation and clearance of infected 

cells by killer cells and cross-reactive cytotoxic T 

cells then elicits a proinflammatory cytokine storm 

that causes endothelial damage and capillary leakage. 

Plasma leakage differentiates DHF from DF, which is 

caused by malfunction of vascular endothelial cells 

induced by cytokines or chemical mediators rather 

than by destruction of the small vessels (Kurane and 

Ennis, 1992; Rothman and Ennis, 1999; Green and 

Rothman, 2006). A constant finding in DHF/DSS is 

activation of the complement system, with profound 

depression of C3 and C5 levels. Platelet defects may 

be both qualitative and quantitative, and some 

circulating platelets during the acute phase of DHF 
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may be exhausted. Therefore, even a patient with a 

platelet count greater than 100,000 per mm3 may still 

have a prolonged bleeding time. In secondary 

infections with a virus of a different serotype from 

that causing the primary infection, cross-reactive 

antibodies that fail to neutralize virus may increase 

the number of infected monocytes as dengue virus-

antibody complexes are engulfed by these cells. This 

in turn may result in the activation of cross-reactive 

CD4+ and CD8+ cytotoxic lymphocytes, resulting in 

significantly higher plasma levels of various cytokines 

in DHF. The cytokines elevated in patients with DHF 

include tumor necrosis factor-alpha (TNF-α), IL-2, 

IL-6, IL-8, IL-10, IL-12, and IFN-γ, the latter of 

which may contribute to the pathogenesis. Infection of 

macrophages may also be a major contributing factor 

in the pathogenesis of DHF. Enhancement in immune 

functions of macrophages following infection could 

elevate the levels of IL-8 and MCP-1 in pleural 

effusions (Avirutnan et al., 1998). The rapid release of 

cytokines caused by the activation of T cells and by 

the lysis of infected monocytes mediated by cytotoxic 

lymphocytes may result in plasma leakage and 

haemorrhage. However, it is not clearly understood 

how these cytokines are induced and how they cause 

malfunction of vascular endothelial cells and lead to 

plasma leakage. 

One obvious culprit would be TNF-α since both 

virus-infected monocytes and endothelial cells 

produce TNF-α (Green and Rothman, 2006), which is 

well-known for its activity in inducing plasma leakage 

(Anderson et al., 1997). It has also been reported that 

a mast cell/basophil line infected with DENV can 

produce IL-1 and IL-6 (King et al., 2000). Some of 

the cytokines like IFN-γ, IL-2 and TNF-α are also 

produced by virus-specific T lymphocytes upon 

activation (Gagnon et al., 1999; Green and Rothman, 

2006). It is likely that both dengue-virus-infected 

monocytes and activated specific T lymphocytes are 

responsible for increased levels of cytokines in DHF 

(Ichiro, 2007). 

Vector control: The best preventive measure for 

residents living in areas infested with A. aegypti is to 

eliminate the places where the mosquito lays her eggs, 

primarily artificial containers that hold water. Such 

containers should be covered or properly discarded. 

Pet and animal watering containers and vases with 

fresh flowers should be emptied and scoured at least 

once a week. Proper application of mosquito 

repellents containing 20-30% DEET on exposed skin 

and clothing decreases the risk of being bitten by 

mosquitoes. At present mosquito control is the only 

weapon against dengue fever and even this is 

hampered by a lack of effective vector control 

programs, as evidenced by the frequent outbreaks of 

DHF in several countries (Pinheiro and Corber, 1997). 

Some of the measures implemented for the 

control of Aedes mosquito are 

1. Reactive control measures: These are important in 

blocking the progression of a cluster of cases or an 

outbreak but are not effective in prevention of new 

infections owing to the inevitable time lag (incubation 

period) in responding to cases as well as delays in 

seeking medical attention and diagnostic testing.  

2. Pre-emptive control measures: These include 

measures that aim to keep the mosquito population at 

a minimum, preventing the potential breeding sites 

even before a dengue case occurs. Initiatives such as 
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the formation of Dengue Prevention Volunteer 

Groups and public education through talks, 

exhibitions, banners and door-to-door visits have 

taken centre stage in many grassroots and community 

events. However, the incidence of dengue is still on 

the rise because of many other factors such as (a) 

evolution of the virus, resulting in variability in 

virulence and infectiousness to humans and 

mosquitoes (b) susceptibility of the human population 

to infection, (c) behavior of humans before and after 

infection and (c) environmental issues that may affect 

the vector, virus and the host. 

Dengue vaccines  

In spite of several decades of research, there is 

no approved dengue vaccine for human use. Over the 

past 20 yrs, several candidate vaccines have been 

developed but found to be unsuitable for humans 

because of over-attenuation, rendering them 

insufficiently immunogenic, or under-attenuation, 

resulting in dengue fever. Both Hotta (Hotta, 1969) 

and Sabin (Sabin and Schlesinger, 1945) failed in 

their attempts to produce dengue vaccines. Because 

DHF or DSS are characteristic of second or 

subsequent infections with a heterologous serotype(s) 

(Sangkawibha et al., 1984; Thein et al., 1997), a 

tetravalent vaccine is a must for dengue. This, 

together with the lack of a suitable animal model, has 

made the development of a DEN vaccine a 

challenging task. It has been only in the past few years 

that a dengue vaccine has become a possibility. 

Most research efforts have focused on the 

development of live attenuated vaccines selected by 

serial passage in mice or mammalian cell cultures and 

recombinant protein vaccines (Hotta, 1969; Eckels    

et al., 1976; Bhamarapravati and Yoksan, 1989; 

Bhamarapravati and Yoksan, 1990; Putnak et al., 

1991; Delenda et al., 1994; Srivastava et al., 1995; 

Bielefeldt-Ohmann et al., 1997; Simmons et al., 

1998). Efforts to develop genetically modified and 

chimaeric live attenuated vaccines or DNA vaccines 

also have emerged (Chen et al., 1995; Bray et al., 

1996; Kochel et al., 1997; Porter et al., 1998; Konishi 

et al., 2000). In most dengue vaccine efforts, the long-

term goal has been to induce neutralizing antibody 

against all 4 viral serotypes. Neutralizing antibody is 

thought to be an important component of protective 

immunity on the basis of studies of infants born to 

dengue-immune mothers as well as on the basis of 

passive antibody transfer studies in animals (Kaufman 

et al., 1987; Kliks et al., 1988). However, to date, only 

a few studies have been published that discuss the use 

of bivalent vaccines, and no detailed studies about 

trivalent or tetravalent dengue vaccines have been 

published. 

Live attenuated vaccines: Initially, attenuated 

vaccines were prepared by adaptation to growth in 

primary dog kidney (PDK) cells In an effort to select 

candidate attenuated vaccines for development as 

monovalent vaccines and possible combination into a 

multicomponent vaccine, experimental vaccines were 

prepared from each candidate strain of dengue virus at 

multiple empirical passage levels (10 to 50) in PDK 

cells. The safety and immunogenicity of various 

serotypes of dengue vaccine strains at one or more 

passage levels was then tested in volunteers. The most 

advanced live attenuated tetravalent vaccine was 

developed in Mahidol University, Thailand, with the 

support of WHO's South-East Asia Regional Office 
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(Bhamarapravati and Sutee, 2000). After intensive 

and stringent laboratory studies, including evaluation 

in animal models, the vaccine underwent clinical trials 

in Thailand in mono-, di-, tri- and tetravalent formats, 

and was proved safe and immunogenic in adults and 

children. The vaccine was produced for 

commercialization by Aventis Pasteur, and subjected 

to randomized, controlled, double-blind study to 

determine the safety and immunogenicity of batches 

of the vaccine (Kanesa-thasan et al., 2001). All 

formulations were safe and tolerated in humans. 

Vaccines immunized with tetravalent vaccine gave 

multivalent antibody responses, the highest antibody 

titres being against DEN-3 virus. A phase I clinical 

trial of Aventis Pasteur vaccine was recently 

completed in Thailand. After two doses, 

seroconversion to all four serotypes was demonstrated 

in most vaccinated volunteers and antiviral activity 

remained quite stable for at least a year. Various 

reformulations of the tetravalent vaccine are being 

evaluated in an attempt to obtain a similar immune 

response to each serotype. Vaccine strains developed 

at Mahidol University are characterized by lower 

infection, dissemination rates and transmissibility in 

A. aegypti mosquitoes than those of the parent viruses 

(Jirakanjanakit et al., 1999). Moreover, the 

phenotypes of the vaccine strains were stable and 

unchanged by passage in humans and mosquitoes. 

Serial passage of dengue viruses in PDK cells 

was also used for the development of vaccine at the 

Walter Reed Army Institute of Research (WRAIR) in 

the USA. All four monovalent formulations elicited 

seroconversion in humans. The vaccine was well-

tolerated, caused no clinically serious adverse events 

and induced the production of neutralizing antibodies 

to all four serotypes. Tetravalent formulations were 

prepared and evaluated in a monkey model. Challenge 

studies in rhesus monkeys demonstrated that most 

animals seroconverted after two doses of the vaccine. 

 After virus challenge, viraemia was measurable 

in 4 of 20 monkeys. In pilot studies of humans, three 

doses of tetravalent vaccine induced 50% or higher 

seroconversion to all four serotypes. The 

dissemination rates of WRAIR vaccine viruses in 

mosquitoes were low and probably incompetent to be 

transmitted under natural conditions (Sardelis et al., 

2000). A two-dose vaccination schedule with four 

different vaccine formulations showed acceptable 

safety and immunogenicity, overcoming the 

interactions and suboptimal immunogenicity observed 

when compared with a single dose vaccination. 

Varying and reducing the concentrations of the 

serotypes, particularly that of serotype 3, in 

(Sabchareon et al., 2002) the different tetravalent 

formulations has been shown to improve the safety 

profile The next stages of the clinical trials are in 

progress. 

One study has looked at a formulation using 16 

different formulations using all the four serotypes. 7 

out of the 16 formulations gave satisfactory results 

with the study criteria and antibody induction was 

observed in at least three of 3-4 individuals to at least 

three out of four serotypes (Table 2). Although the 

ideal would be complete seroconversion to all four 

serotypes, seroconversion to three serotypes is likely 

to be protective to all four since there has been no 

report of a fourth infection in an individual even when 

all   four   serotypes    circulate     in    the   same   area  
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Table 2. Neutralizing antibody responses induced by seven superior (serologically acceptable)* formulations of 

tetravalent dengue (DEN) vaccine in volunteers receiving each formulation who seroconverted to at least three 

DEN serotypes and to all four serotypes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Formulations achieved the objective; namely, at least three of the four DEN serotypes in the vaccine formulation 

induced antibody in three or more volunteers (≥75%). †Number of volunteers in each formulation who achieved a 

50% plaque reduction neutralization test (PRNT50) titer ≥1:5, divided by number of volunteers in the group. 

Calculations based on a PRNT50 titer ≥1:5 reached 28 days after vaccination (day 28), 28 days after the second 

vaccination (day 56), and cumulative sero conversions (total number of volunteers who seroconverted after their 

first or second vaccinations) formulations, obtained by mixing monovalent vaccine viruses corresponding to the 

four serotypes are prone to elicit an unbalanced immune response, predominantly to one serotype, caused by viral 

interference. 

(Bhamarapravati and Yoksan, 1997; Gubler and 

Kuno, 1997; Sabchareon et al., 2002). This phase I 

study identified several tetravalent vaccine 

formulations for an expanded Phase II trial (Robert   

et al., 2003). 

Recombinant vaccines: Recently the tetravalent this 

has been observed both in non-human primates 

(Guirakhoo et al., 2001) and human volunteers 

(Kanesa-thasan et al., 2001; Edelman et al., 2003; 

Kitchener et al., 2006). This poses a serious risk as 

antibody-dependent enhancement of infection can 

ultimately lead to DHF or DSS. In addition, live 

flaviviruses have the potential to undergo genetic 

recombination (Seligman and Gould, 2004). Therefore 

recombinant vaccines are gaining importance. For 

example, the immunogenic potential antigen (rEDIII-

T) was proved recently (Etemad et al., 2008). But 

there is no development for scale up strategies to go 

for clinical trials of the recombinant EDIII-based 

tetravalent.  

Difficulty in testing dengue vaccines  

Dengue vaccine trials face additional hurdles 

Number of volunteers with neutralizing antibody † against 

 ≥3 Serotypes (%) 4 Serotypes 

Formulation Day 28 Day 56 Cumulative Day 28 Day 56 Cumulative 

2 4/4 1/4 4/4(100) 3/4 1/4 3/4 (75) 

5 4/4 3/4 4/4(100) 1/4 0/4 1/4 (25) 

10 2/4 3/4 4/4(100) 0/4 1/4 1/4 (25) 

11 2/3 1/3 3/3(100) 0/3 0/3 0/3 

13 3/4 4/4 4/4(100) 2/4 1/4 2/4 (50) 

14 1/4 4/4 4/4(100) 1/4 3/4 3/4) (75) 

15 0/3 3/3 3/3(100) 0/3 0/3 0/3 
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besides requirement for tetravalency, interference and 

potential vaccine-induced pathogenicity. First, lack of 

resources and facilities in countries of origin of 

vaccine strains has made it impossible to obtain 

accurate history of the strain or for generation of 

quality seed. Second, conducting vaccine efficacy 

trials will be extremely difficult without information 

on the serotypes and genotypes circulating in a region 

and the infection rates in those areas. The US Armed 

Forces Research Institute of Medical Sciences study 

site at Kampong Phet, Thailand, is perhaps the only 

site anywhere in the world for which sufficient data 

are available to undertake a dengue vaccine efficacy 

study. The US Army is attempting to overcome this 

problem by developing dengue virus preparations that 

will cause mild disease in all who are infected with 

them. Such a virus preparation could then be used 

safely in challenge tests of dengue vaccines. This 

would be much simpler than undertaking large scale 

vaccine efficacy studies in populations in which only 

a few per cent will develop clinical symptoms of 

dengue each year. 

Conclusion  

Prospects for reversing the recent trend of 

increased dengue epidemic activity and geographic 

expansion are discouraging as more and more new 

DENV strains and serotypes will likely continue to be 

introduced into many areas. With no new mosquito 

control technology available, in recent years public 

health authorities have emphasized disease prevention 

and mosquito control through community efforts to 

reduce larval breeding sources. Although this 

approach will probably be effective in the long run, it 

is unlikely to impact disease transmission in the near 

future. We must, therefore, develop improved, 

proactive, laboratory-based surveillance systems that 

can provide early warning of an impending dengue 

epidemic. At the very least, surveillance results can 

alert physicians to diagnose and properly treat 

DF/DHF cases, and the public to take action. At the 

same time, research and development on dengue 

vaccine development needs to be intensified. No 

dengue vaccine is currently available. Recently, 

however, attenuated candidate vaccine viruses have 

been developed, but efficacy trials in human 

volunteers have yet to be initiated. Research is also 

being conducted to develop second-generation 

recombinant vaccine viruses. We can foresee the 

availability of an effective dengue vaccine for public 

in the next 5 to 10 yrs. 
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