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Abstract: Dengue fever (DF) and dengue hemorrhagic fever (DHF) are important arthropod-

borne viral diseases. Each year, there are ∼50 million dengue infections and ∼500,000 individu-

als are hospitalized with DHF, mainly in Southeast Asia. Dengue in India has dramatically 

expanded over the last few decades, with rapidly changing epidemiology. The first major DHF 

outbreak in the entire nation occurred in 1996 by dengue virus serotype 2, and after a gap of 

almost a decade, the country faced yet another DF outbreak in the year 2003 by dengue virus 

serotype 3. A dramatic increase in the number and frequency of outbreaks followed, and, 

at present, in most of the states of India, dengue is almost endemic. At present, all the four 

serotypes are seen in circulation, but the predominant serotype keeps changing. Despite this 

trend, surveillance, reporting, and diagnosis of dengue remain largely passive in India. More 

active community-based epidemiological studies with intensive vector control and initiatives 

for dengue vaccine development should be geared up to control the spread of dengue in India. 

We review here the factors that may have contributed to the changing epidemiology of dengue 

in India.
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Introduction
Dengue virus infection is a major, growing public health problem with an estimated 

2.5 billion people at risk of infection. Dengue viruses can cause a wide variety of clini-

cal illnesses ranging from mildly symptomatic dengue fever (DF) to more dangerous 

clinical conditions with capillary leakage syndrome such as dengue shock syndrome 

(DSS) and dengue hemorrhagic fever (DHF).1 Globally, dengue virus transmission 

has expanded in recent years, and all four dengue virus serotypes are now circulating 

in Asia, Africa, and the Americas.1

Dengue in India has dramatically expanded over the last few decades, with rapidly 

changing epidemiology.2–4 Although the first mention of occurrence of dengue in India 

is said to be in 1780, the first confirmed outbreak occurred in Kolkata in 1963–1964.5–7 

It took almost 30 years for dengue to eventually spread throughout the entire country, 

resulting in the first major nationwide outbreak of DHF in the year 1996.8–11 Following 

this, gradual dengue virus expansion started in the entire nation, and northern parts of 

India faced yet another outbreak in 2003.12,13 A dramatic increase in the number and 

frequency of outbreaks followed, and, at present, in most of the states of India, all four 

serotypes are prevalent.2,4,14 This paper, therefore, reviews current perspectives of the 

spread of dengue in India and its implications.
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Dengue virus
Dengue virus belongs to the genus Flavivirus in the family 

Flaviviridae. It is a positive-stranded encapsulated ribonucleic 

acid (RNA) virus that is composed of three structural protein 

genes that encode the nucleocapsid or core protein, a mem-

brane-associated protein, an enveloped glycoprotein, and 

seven nonstructural proteins. It is transmitted mainly by the 

Aedes aegypti mosquito and also by  the Aedes albopictus 

mosquito. There are four antigenetically related but distinct 

serotypes of the dengue virus: DENV-1, DENV-2, DENV-3, 

and DENV-4. Each serotype has several subtypes or geno-

types. DENV-1 has three, DENV-2 has two, and DENV-3 and 

DENV-4 each have four. In humans, one serotype produces 

lifelong immunity against reinfection but only temporary 

and partial immunity against the other serotypes.15 Each 

serotype has unique characteristics and can present with 

severe manifestations in a particular population depending 

upon its interaction with the host response.

Changing epidemiology in India
The Indian encounter with dengue is interesting and 

intriguing. The epidemiology of dengue in India is very com-

plex and ever changing. Though the first reported occurrence 

of dengue fever in India was in 1946, there were no major 

outbreaks in the country for almost 20 years, until a major 

epidemic occurred in 1963–1964 in Kolkata.16–18 It gradually 

spread to involve North India in 1967–1968 and also South 

India.19,20 All four serotypes of the virus were reported from 

South India.21 Again, after almost three decades of very low 

incidence, the first major outbreak of DF/DHF occurred 

in Delhi in 1996 where 10,252 cases and 423 deaths were 

reported.10 This outbreak was caused by DENV-2, genotype 

IV strain of the virus.22 Similar strains of the DENV-2 were 

reported from central India (Gwalior) and southern India, 

indicating that the predominant circulating strain in India that 

time was DENV-2.23 In the post-epidemic period in Delhi in 

1997, DENV-1 was also seen in circulation.24

Dengue started spreading in the interior of India with 

reported cases from western and southern India. Awareness 

of this disease and diagnostic modalities also grew, and 

more frequent reporting of cases occurred. In northern parts 

of India, the number of reported DF/DHF cases increased, 

probably because, as now, the health authorities of the country 

became more vigilant, and timely reporting of all cases was 

initiated. Serotypes of the virus kept changing from year to 

year, and each time that either the serotype showed a change 

or the genotype showed a change, increased cases were seen 

in that area.13 By 1996–2003, almost all the four serotypes 

were reported, and frequency of the outbreaks also increased 

in the population (Table 1).25–33

In 2003, another major outbreak engulfed northern and 

central India (particularly in Delhi and Gwalior), and at this 

time, all four serotypes were seen in circulation for the first 

time in Delhi.2,14 The major serotype reported both from 

Delhi and Gwalior was DENV- 3.2,13 The reemergence of this 

epidemic strain of DENV-3 in Delhi in 2003 and its persis-

tence in subsequent years marked a changing trend in DENV 

circulation in India. This again showed the shift in the epi-

demiology of dengue virus in India. Subsequently, recurring 

outbreaks of DF/DHF were reported in the years 2005–2008 

from various states in India, namely Andhra Pradesh, Delhi, 

Goa, Haryana, Gujarat, Karnataka, Kerala, Maharashtra, 

Rajasthan, Uttar Pradesh, Pondicherry, Punjab, Tamil Nadu, 

West Bengal, and Chandigarh.34 India reported a total of 

28,292 cases and 110 deaths in 2010, the highest number of 

cases and number deaths in a single year in the country in the 

previous two decades. In Delhi, following predominance of 

the DENV-3 strain from 2003–2006, DENV-1 circulation was 

seen.32 A shift in the age group involvement from children to 

young adults was also noticed in several studies from India.2,12 

Concurrent infection with multiple serotypes of dengue was 

also seen.35,36 Thus, it is evident that now in India there is a 

definite increase in the frequency and number of outbreaks 

along with co-circulation of all four serotypes, hinting toward 

hyperendemicity of dengue in India.

Burden of disease in India
According to the World Health Organization, the incidence 

of dengue globally has shot up 30-fold in the past 50 years. 

The cumulative dengue diseases burden has attained an 

unprecedented proportion in recent times with a sharp 

Table 1 Yearly prevalence of various dengue serotypes in India

Year State Prevalent  
serotype

Reference

1964 Tamil Nadu 2 Myers et al25

1968 Tamil Nadu 1, 2, 3, and 4 Myers et al26

1970 Uttar Pradesh 1, 2, 3, and 4 Chaturvedi et al27

1996 Uttar Pradesh 2 Agarwal et al11

1996 Delhi 2 Aggarwal et al9

1996 Haryana 3 Kumar et al28

1997 Delhi 1 Vajpayee et al24

2001 Madhya Pradesh 2 Parida et al29

2003–2005 Delhi 1, 2, 3, and 4 Gupta et al2

2007–2009 Delhi 1, 2, 3, and 4 Matlani et al30

2009–2010 Maharashtra 4 Dayaraj et al31

2010–2011 Delhi 1 Gupta et al32

2009–2012 Uttar Pradesh 1, 2, and 3 Mishra et al33
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increase in the size of human population at risk. Dengue 

disease presents highly complex pathophysiological, 

economic, and ecologic problems.37 One billion people 

(15% of the world’s population) reside in India. India’s 

population is twice that of Southeast Asia, the region that 

currently reports the most dengue-related deaths. A recent 

study done at the University of Oxford using a map-based 

approach to model how many dengue cases were occur-

ring in various parts of the world, estimated that India had 

the largest number of dengue cases, with about 33 million 

apparent and another 100 million asymptomatic infections 

occurring annually.38

Quantifying the burden of dengue is critical for policy 

makers to set policy priorities and make informed decisions 

about disease control. Surveillance for dengue has been 

very limited in India, and reporting to the central govern-

ment has also not been mandatory. In 2004, a World Health 

Organization initiative called for promoting improvement 

of dengue surveillance as part of the Integrated Disease 

Surveillance Programme in India, strengthening labora-

tory networking and quality assurance, and reviewing case 

definitions.39 Although improvements are being made, the 

current gaps in epidemiological data and surveillance mean 

that the burden of dengue in India probably is much higher.

Pathogenesis of dengue
Replication of the dengue virus occurs within mononuclear 

cells including skin dendritic cells, tissue macrophages, 

peripheral blood monocytes, and hepatocytes. At present, 

the host cell receptors involved in the viral entry are mostly 

unknown.40 Primary or first infection in nonimmune persons 

usually causes DF. Subsequent dengue infection by a dif-

ferent serotype causes more severe illness, such as DHF/

DSS. The key manifestations of DHF/DSS are sudden onset 

of shock, capillary leakage, and hemorrhagic diathesis/

thrombocytopenia occurring at the time of defervescence 

of fever. Pathogenesis is not well-defined, but it is suggested 

that during secondary infection with a different serotype, 

cross-reactive nonneutralizing antibodies bind to DENV 

and facilitate uptake via Fc receptors, resulting in enhanced 

viral replication. The resultant higher viral antigen load 

leads to an exaggerated activation of cross-reactive den-

gue specific T cells. Biological mediators released by the 

activated T cells as well as virus-infected cells along with 

complement activation by viral proteins and immune com-

plexes are implicated in increasing vascular permeability 

and coagulopathy.41 This phenomenon is known as antibody-

dependent enhancement.

Dengue case definition
Earlier guidelines classified dengue into three categories: DF, 

an acute febrile illness; DHF (grades 1 and 2), a syndrome 

characterized by increased vascular permeability; and altered 

hemostasis that may progress to hypovolemic shock known 

as DSS (grades 3 and 4).42 The new revised clinical classi-

fication of dengue cases now divides the clinical cases into 

two categories: dengue with or without warning signs, and 

severe dengue infection (Figure 1).43

Diagnosis of dengue virus infection
Laboratory diagnosis of dengue is routinely done by demon-

stration of antidengue immunoglobulin M (IgM) antibodies 

or by nonstructural protein 1(NS-1) antigen in patients’ 

serum/plasma depending upon day of illness using either 

enzyme-linked immunosorbent assay (ELISA) or immune 

chromatographic-based rapid card tests (Figure 2). Rising 

titer of dengue immunoglobulin G (IgG) antibody can also 

be used for the diagnosis. Virus isolation techniques are 

very specific but rarely used due to increased complexity 

and the time taken to obtain results. The Aedes albopictus 

(A. albopictus) mosquito C6/36 cell line is the method of 

choice for virus isolation, although other mosquito and mam-

malian cell lines (such as Aedes pseudoscutellaris, Vero and  

LLC-MK2 cells) can also be used. Molecular methods such 

as reverse transcriptase polymerase chain reaction (RT-PCR) 

or real time polymerase chain reaction (qRT-PCR) are being 

increasingly used in diagnosis. A single tube nested PCR with 

primers directed against serotype specific regions of the viral 

is routinely used for typing of the virus.44

Treatment of dengue virus infection
Currently, no effective antiviral agents to treat dengue infec-

tion are available. The management of dengue virus infec-

tion is essentially supportive and symptomatic. Intravenous 

rehydration is the therapy of choice; this intervention can 

reduce the case fatality rate to less than 1% of severe cases. 

The dynamic nature of dengue demands close monitoring 

and repeated clinical and laboratory evaluations. A rapid 

response to platelet and fresh frozen plasma and cryopre-

cipitate transfusion is seen.45

Prevention of dengue
Vector control
With limited therapeutic strategies and the current lack of 

a vaccine, effective vector control methods are an essential 

component to reduce dengue-related mortality and morbidity. 

A. aegypti is the most common vector of dengue in India, 
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the control of dengue vectors. Bioassay data demonstrate that 

resistance to organophosphates (temephos) and pyrethroids 

is widespread in A. aegypti, and resistance has also been 

reported in A. albopictus.46 Monitoring resistance is, there-

fore, necessary to ensure that effective insecticides are being 

used. The National Vector Borne Disease Control Program 

has been initiated to control the emerging threat by vector-

borne diseases in India. Despite extensive efforts in devel-

oping the effective dengue control measures, several factors 

pose difficulties in implementing efficient vector control 

measures, such as large population size, lack of awareness, 

lack of education, and poverty.

Integrated surveillance
Surveillance is an essential component of any dengue pre-

vention and control program, as it provides the necessary 

information for risk assessment and program guidance. 

Surveillance utilizes both passive and active data collection 

methodologies. Laboratory support is a critical component 

in any kind of surveillance.47,48 The laboratory should be 

able to identify not only the presence of the dengue virus 

but also its serotype and to correlate these to the severity of 

illness and whether the patients are experiencing a primary 

or secondary dengue infection. Furthermore, information on 

the genetic sequence of the circulating viruses, both during 

and between dengue epidemics, would be of great value to 

Dengue case classification

1. Severe plasma
    leakage
2. Severe
    hemorrhage

3. Severe organ
    impairment

• With warning signs 

• Without warning signs 

Probable dengue

Live-in/travel to dengue endemic
area. Fever and two of the following
criteria:
• Nausea, vomiting
• Rash
• Aches and pains
• Tourniquet test positive
• Leukopenia
• Any warning sign

Laboratory confirmed dengue

Warning signs*

• Abdominal pain or tenderness
• Persistent vomiting
• Clinical fluid accumulation
• Mucosal bleed
• Lethargy, restlessness
• Liver enlargement >2 cm
• Laboratory: increase in

hematocrit concurrent with rapid
decrease in platelet count

*Requiring strict observation and
  medical intervention  

1. Severe plasma leakage
    leading  to

• Shock (DSS)
• Fluid accumulation with

respiratory distress

2. Severe bleeding as
    evaluated by clinician

3. Severe organ involvement

• Liver: AST or ALT ≥1,000 IU/ML
• CNS: impaired consciousness
• Heart and other organs

Dengue ± warning signs Severe dengue

Figure 1 Dengue case classification by severity.
Abbreviations: DSS, dengue shock syndrome; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CNS, central nervous system; IU, international units; ml, 
millilitre.

1 2

Viremia (RT-PCR)

NS-1

IgM serology

IgG serology (secondary infection)

IgG serology (primary
infection)

3 4 5

Day of illness

6 7 8 9 10

Figure 2 Laboratory diagnosis of dengue.
Note: Day 0 is the first day when the patient noted any symptom during this illness.
Abbreviations: IgG, immunoglobulin G; IgM, immunoglobulin M; NS-1, nonstructural 
protein 1; ELISA, enzyme-linked immunosorbent assay; RT-PCR, reverse transcriptase 
polymerase chain reaction.

followed by  A. albopictus. Water-holding containers, eg, 

plastic, metal drums, and cement tanks facilitate breeding 

of  Ae. aegypti. Vector control methods involve environ-

mental, chemical, and biological management approaches. 

Utilizing an effective integrated vector control strategy with 

a combination of approaches, such as social mobilization 

and integration of chemical and nonchemical vector control 

methods targeting areas of high human–vector contact, will 

aid in reducing dengue transmission. The evolution and 

spread of resistance to insecticides is a growing concern for 
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predict epidemics. In India, the government’s initiative49 to 

set up virology diagnostic laboratories in different states 

along with initiation of a national program has geared up 

the surveillance activities; however, a lot more remains to be 

achieved for effective surveillance.

Toward a new vaccine
To date, an effective vaccine to protect against dengue is 

lacking owing to several challenges such as the requirement 

of a tetravalent vaccine providing long-term homotypic and 

heterotypic protection, the lack of an adequate animal disease 

model, and the resulting uncertainty around correlates of 

protection. However, several candidate vaccines are in various 

phases of trials. The ideal dengue vaccine should be free of 

important reactogenicity, induce life-long protection against 

infection with any of the four DENV serotypes, and be afford-

able. The candidate currently at the most advanced clinical 

development stage, a live-attenuated tetravalent vaccine based 

on the chimeric yellow fever-dengue virus, has progressed to 

phase III efficacy studies.50 The safety and clinical efficacy 

of the chimeric yellow fever-dengue virus have so far shown 

promising results.51 Several other vaccine candidates like 

live-attenuated, subunit, deoxyribonucleic acid(DNA) and 

purified inactivated vaccines, are at earlier stages of clinical 

development. Additional technological approaches, such as 

virus-vectored and virus-like particle–based vaccines, are 

under evaluation in preclinical studies.

Conclusion
Dengue in India has established its roots. Now it is endemic 

and almost hyperendemic in our population. National level 

comprehensive studies to estimate the true burden of dengue 

in India and its geographical mapping are lacking. Through 

integrated and combined efforts from various sectors and 

policy makers, prevention of dengue must be intensified to 

control further disease transmission.
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