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Dengue 1

Disease and economic burdens of dengue
Marcia C Castro, Mary E Wilson, David E Bloom

The burden of dengue is large and growing. More than half of the global population lives in areas with risk of dengue 
transmission. Uncertainty in burden estimates, however, challenges policy makers’ ability to set priorities, allocate 
resources, and plan for interventions. In this report, the fi rst in a Series on dengue, we explore the estimations of 
disease and economic burdens of dengue, and the major estimation challenges, limitations, and sources of 
uncertainty. We also refl ect on opportunities to remedy these defi ciencies. Point estimates of apparent dengue 
infections vary widely, although the confi dence intervals of these estimates overlap. Cost estimates include diff erent 
items, are mostly based on a single year of data, use diff erent monetary references, are calculated from diff erent 
perspectives, and are diffi  cult to compare. Comprehensive estimates that decompose the cost by diff erent stakeholders 
(as proposed in our framework), that consider the cost of epidemic years, and that account for productivity and 
tourism losses, are scarce. On the basis of these estimates, we propose the most comprehensive framework for 
estimating the economic burden of dengue in any region, diff erentiated by four very diff erent domains of cost items 
and by three potential stakeholders who bear the costs. This framework can inform future estimations of the economic 
burden of dengue and generate demand for additional routine administrative data collection, or for systematic 
incorporation of additional questions in nationally representative surveys in dengue-endemic countries. Furthermore, 
scholars could use the framework to guide scenario simulations that consider ranges of possible values for cost items 
for which data are not yet available. Results would be valuable to policy makers and would also raise awareness 
among communities, potentially improving dengue control eff orts.

Introduction
Dengue is a systemic infection caused by a mosquito-
transmitted, single-stranded RNA virus of the genus 
Flavivirus. Dengue viruses exist as four related sero-
types: 1–4. Infection with one serotype might confer 
lifelong immunity to that serotype but only transient 
immunity to the other three serotypes, so an individual 
can be infected more than once. Second infections are 
epidemiologically associated with increased risk for 
severe disease, which has been attributed to antibody-
dependent enhancement of disease.1 Specifi c diagnosis 
of dengue is made by laboratory testing. Many treatment 
modalities have been tested, but so far nothing has 
improved on the outcomes that can be achieved with 
attentive and experienced clinical care, and judicious 
fl uid replacement.2 Although mosquito transmission 
causes virtually all dengue infections, other routes of 
transmission have been documented, such as blood 
transfusion,3 tissue or organ transplantation,4 needle 
stick,5 percutaneous exposure to blood from a viraemic 
person (eg, in a health-care setting),6 and, possibly, 
breastfeeding.7

In 2009, WHO issued guidelines for case classifi cation, 
but variation in the defi nition of dengue cases still occurs.8 
Signs and symptoms of dengue—fever, severe muscle 
aches, headache, and rash9,10—are non-specifi c and 
resemble those of other infections, such as malaria, 
chikungunya, and Zika virus disease. Symptoms begin 
5–7 days (with a range of 3–10 days) after a bite from an 
infective mosquito; viraemia, however, can begin 1·5 days 
before the onset of symptoms and could persist for up to a 
week. A small minority of those with dengue fever (5% or 

less) develop severe dengue.10 However, most dengue 
virus infections are asymptomatic or mild—only about 
one in four infections is symptomatic—and result in 
complete recovery. The ratio of asymptomatic to apparent 
infections ranges widely and depends on age, dengue 
serotype and genotype, previous dengue infection, 
presence of antibodies, and genetic factors.11 Most patients 
with acute dengue fever do not need admission to hospital, 
but many are unable to work, attend school, or manage a 
household, resulting in major economic burden.12,13 

Dengue epidemiology is inseparable from vector 
ecology. Transmission has distinct patterns that are 
seasonal (within a year) and cyclical (with outbreaks in 
certain years), refl ecting interactions between the climate 
(rainfall and temperature), the mosquito, the circulating 
virus, and population immunity.14,15 The primary vector 
for dengue, Aedes aegypti, is highly adapted to the urban 
environment and avidly attracted to human blood, 
entering homes and breeding in small collections of 
water, such as those found in discarded plastic cups and 
bottles, fl ower pots, drains, and used tyres.16 Rapid and 
unplanned urban growth, often resulting in the absence 
of, or unreliable access to, piped water, leads people to 
store water in their homes in tanks, jugs, and other 
containers, which are ideal breeding sites. A second 
mosquito vector, Aedes albopictus, is not as strongly 
attracted to humans as A aegypti, but it can survive in 
cooler temperatures than A aegypti17 and it can be found 
in forested areas, potentially expanding the areas where 
dengue infections can spread.18,19 

Dengue prevention remains primarily limited to vector 
control, which includes the use of larvicides, adulticides, 
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biological control, and environmental management.8 
Physical elimination of breeding sites requires intensive, 
sustained work and must include members of the 
community.20 In rapidly developing cities, the presence of 
slums and areas with poor housing, absence of piped 
water, precarious waste collection, and unscreened 
windows and doors provide ideal conditions for mosquito 
breeding. Therefore, collaboration among government 
sectors (eg, health, urban planning, and education) could 
contribute to more eff ective environmental management 
eff orts. Overall, however, vector-control programmes 
have not prevented the spread of dengue, even in areas 
with well organised public health systems.20 New 
approaches are being tested, such as the genetic 
engineering of mosquitoes and infecting mosquitoes 
with Wolbachia spp.21,22 

The health system does not capture asymptomatic 
infections, nor are they the target of current surveillance 
or control strategies. However, a study by Duong and 
colleagues23 shows that people with asymptomatic 
dengue infections not only infected mosquitoes, but 
were more infectious to mosquitoes than people with 
dengue symptoms. Therefore, the epidemiological 
importance of asymptomatic individuals is potentially 
large, challenging the current framework of dengue 
epidemiology, surveillance, and control. In the absence 
of symptoms, individuals are likely to continue to work 
and carry out their usual activities while infected, 
representing a silent reservoir of the virus with crucial 
importance in the dynamics of dengue spread. 

The disease and economic burdens of dengue are 
considerable. Quantifying these burdens is essential for 
policy makers to set priorities, allocate resources, select 
control and prevention strategies, and evaluate the cost-
eff ectiveness of interventions.13,24 Coupled with burden 
estimates, mathematical models can simulate the 
outcomes of diff erent combinations of interventions, 
aiding decision making. However, the characteristics of 
dengue pose major challenges to quantifying these 
burdens. Additionally, few dengue-endemic countries have 
good-quality health information systems. Thus, substantial 
uncertainty exists in current estimates,25 limiting the 
potential of these numbers to inform policy decisions. 

This Series paper discusses current thinking and 
evidence on the nature, size, and measurement challenges 
of the burdens of dengue. We discuss the most recent 
estimates and the major sources of uncertainty, and 
refl ect on opportunities to remedy these defi ciencies, 
such as alternative data collection methods that leverage 
ongoing survey eff orts in dengue-endemic countries. 
Lastly, we propose a framework for guiding the estimation 
of the economic burden of dengue that can contribute to 
standardisation in future estimates.

The burden of dengue
The disease burden of dengue is often expressed as the 
number of infections (with or without symptoms) and as 

summary metrics that facilitate comparison with other 
diseases, such as years of life lost to premature mortality, 
years lived with disability, and disability-adjusted life-
years—the latter being a key parameter in calculating the 
cost-eff ectiveness of interventions. 

The economic burden of dengue can be conceptualised 
in terms of the costs that dengue infections impose on 
society, including costs that are directly or indirectly 
associated with the diagnosis, treatment, outcome, and 
prevention of disease. Summarising these costs into four 
domains—illness, surveillance and reporting, control 
and preventive actions, and outbreak management13—
suggests that diff erent stakeholders, specifi cally the 
government or a private insurer, the individual, or the 
household, and the broader community, incur these 
costs. In this context, outbreak refers to the introduction 
of the disease in areas with no previously reported cases 
or a signifi cant increase in the number of cases (eg, 
two standard deviations above the mean of the past 
3–5 years).26 Additionally, the broader community refers 
to the administrative unit of analysis (eg, state, country) 
that bears the large-scale costs resulting from dengue 
infections in the area. Panel 1 illustrates this framework 
and details the types of costs to consider by domain and 
by cost-bearing stakeholder. Although we aim to be 
comprehensive in listing the costs in our proposed 
framework, quantifying some of these costs is 
challenging or not feasible, as we will discuss in the next 
section. Detailed guidelines for estimating some of 
dengue-related costs in panel 1 have been proposed in 
the context of Latin America and the Caribbean.27

Estimations of the economic burden for one particular 
country using the proposed framework (panel 1) could 
also be detailed by broad age groups and major regions. 
Moreover, because some countries depend heavily on 
external funding to conduct control strategies, breaking 
down health provider costs by origin of fi nancial 
resources would facilitate the estimation of the fraction 
of the donor’s economic burden. Also, comparability 
across countries requires a clear description of the 
structure of the health system in each country. For 
example, Brazil has a unifi ed health system that provides 
health care free of charge to any individual, and which 
coexists with a private scheme into which individuals 
can opt-in. This could result in lower individual or 
household medical costs when compared with countries 
that charge a fee for medical services. 

The disease burden of dengue has been estimated 
using diff erent data, analytical methods, and geographical 
coverage. Although the burden has unquestionably 
increased in the past two decades, the estimates vary 
greatly. A commonly cited fi gure (used by WHO) is 
50–100 million annual cases.8 On the basis of 2010 
population data and using geostatistical models, the 
burden of dengue infections is estimated to be 
390 million (95% credible interval [CrI] 284–528) 
infections per year, with 96 million (95% CrI 67–136) of 
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those causing clinical symptoms.28 Thus, the estimated 
number of apparent cases is close to the high end of 
WHO estimates. Asia, with its large, densely populated 
areas, is estimated to bear 70% of the burden (67 million 
infections annually). These numbers are much larger 
than the fi gures that countries offi  cially report, leaving 
it unclear whether the modelling approach is 
overestimating or underestimating dengue infections.29

The Global Burden of Disease Study 201330 estimated 
58·4 million (95% uncertainty interval 23·6–121·9) 
apparent dengue cases in 2013, resulting in about 

10 000 deaths annually. The number of symptomatic 
cases lies at the low end of WHO estimates and is much 
lower than the 2010 estimates by Bhatt and colleagues.28 
Considering the overlap in the wide uncertainty 
intervals of the two most recent estimates,28,30 the results 
are not signifi cantly diff erent, despite the disparity 
between the point estimates. The Global Burden of 
Disease Study 2013 also estimates the temporal trend in 
the burden of dengue, with the number of apparent 
cases more than doubling each decade between 1990 
and 2013.30 With regard to children in particular, not 

Panel 1: Types of costs by domains of the economic burden of dengue and by stakeholder 

Domain of economic burden: illness
Stakeholder: health provider (public or private)
• Personnel, equipment, and supplies
• Unit cost of ambulatory care
• Unit cost of admission to and treatment in hospital
• Unit cost of a death
• Comorbidities (diabetes, hypertension, allergy, cardiovascular 

disease, stroke, respiratory disease, and renal disease)
• In a public system (free services to patients): medical 

services, diagnostic tests, drugs, and vaccines
• Cost of screening donated blood

Stakeholder: individual or household 
• Medical costs: co-payment, deductibles, or full payment for 

medical services, diagnostic tests, and drugs; payment for 
services at pharmacies

• Traditional medicine costs: healers, and other alternative 
services

• Non-medical costs: transportation, food, lodging, and other 
costs related to seeking and obtaining medical care (sick 
individual and caregiver) and to visiting patients at the 
hospital (caregiver); travel time; days of school and of work 
(formal and informal) lost (sick individual and caregiver) 
because of the immediate and long-term consequences of an 
infection (absenteeism); reduced capacity and performance at 
work (formal and informal) and school (presenteeism); need 
to hire caregivers; loss of household services; burial services; 
costs related to reduced quality of life such as anxiety, pain, 
and suff ering; costs related to the loss of a family member’s 
life; and interest paid on incurred debt to manage illness

Stakeholder: community*
• Productivity and tax revenue loss from fatal cases
• Loss in tourism, loss in business travel, and loss in foreign 

and local investment

Domain of economic burden: surveillance and reporting
Stakeholder: health provider (public or private)
• Personnel, equipment, and supplies (for both 

epidemiological and entomological surveillance)
• Laboratory testing
• Database management
• Monitoring and dissemination of information about cases, 

outbreaks, and deaths

Stakeholder: individual or household
• N/A

Stakeholder: community*
• N/A

Domain of economic burden: control and preventive actions
Stakeholder: health provider (public or private)
• Vector control, behaviour change campaigns, educational 

campaigns using diff erent media, activities to promote 
community engagement, vaccination campaigns

• Personnel, equipment, and supplies
• Research and development of new technologies
• Intersectoral collaborations

Stakeholder: individual or household
• Participation in community activities for vector control
• Use of screens, mosquito repellent, insecticides, and air-

conditioning as protective measures

Stakeholder: community*

• N/A

Domain of economic burden: outbreak management
Stakeholder: health provider (public or private)
• Same as illness domain, plus: community mobilisation; 

extra personnel, equipment, and supplies; degradation of 
treatment quality at overloaded health facilities; increase in 
morbidity from other illnesses because of overloaded health 
facilities; delays in processing and reporting laboratory 
results; increased stress in health providers; and increase in 
nosocomial infections because of crowded facilities

• Intersectoral collaborations

Stakeholder: individual or household
• Same as illness domain

Stakeholder: community*
• Same as illness domain

*Administrative unit of analysis (eg, state, country) that bears the large-scale costs result-
ing from dengue infections in the area



4 www.thelancet.com/infection   Published online February 6, 2017   http://dx.doi.org/10.1016/S1473-3099(16)30545-X

Series

only is the burden of symptomatic infections high, but a 
signifi cant fraction of these infections result in hospital 
admission (ranging from 4·9% to 45·5% in ten Asian 
and Latin American countries31). With regard to deaths, 
however, the estimates seem low and do not accompany 
the increasing trend observed in the apparent cases.25,30 
Considering summary metrics, the Global Burden of 
Disease Study 2013 estimates that dengue was 
responsible for 1·14 million disability-adjusted life-years 
in 2013, a 61% increase from 1990.30,32 Yet many dengue-
endemic countries with large populations have 
insuffi  cient data about deaths.30 Analysis using data 
from a surveillance system from Puerto Rico recorded 
the highest dengue mortality rate ever detected (1·05 
per 100 000 people), with particularly high rates among 
adults (1·66 per 100 000 people aged 65 years or older), 
and among those with comorbidities.33 These numbers, 
however, are still underestimated.

With regard to the economic burden of dengue, only 
two studies34,35 produced global estimations of the burden. 
Using disease burden estimates by Bhatt and colleagues,28 
combined with costs of dengue treatment (provided by 
WHO) and costs due to lost productivity (provided by the 
International Monetary Fund), the global economic cost 
of dengue was estimated to be US$39·3 billion (about 
$414 per symptomatic case) for 2011.34 A study by Shepard 
and colleagues35 combined data from varied sources 
(including the Global Burden of Disease Study 2013, 
household data, expert panel surveys, and empirical cost 
data) in a modelling exercise that produced the fi rst 
worldwide estimation of the economic burden of dengue, 
comparable across countries and regions.35 The global 
health burden was estimated to be 58·4 million 
symptomatic cases, resulting in an estimated global cost 
of $8·9 billion (95% uncertainty interval 3·7–19·7).35 
Although not without limitations, these studies are 
needed to support advocacy eff orts for intensifi ed and 
concerted dengue control eff orts.36 

Individual country-level or region-level estimates of the 
economic burden often vary in several aspects: types of 
costs considered, number of years of data used, decisions 
on how to extrapolate the data, choice of cost analysis 
perspective (provider or societal), geographical coverage, 
and monetary reference. These diff erences cause major 
impediments in comparing the results from studies; 
nevertheless, estimates of the economic burden show 
that middle-income and low-income tropical countries, 
those most aff ected by dengue, face an enormous 
burden. A large fraction (50–60%) of the estimated 
economic costs of dengue relate to productivity losses,37–39 
and vector control is one of the most important burdens 
on health systems (40–72% of the estimated cost).24,40,41 
The costs of dengue in 12 countries in southeast Asia are 
comparatively higher than those of other conditions, 
such as Japanese encephalitis, upper respiratory 
infections, and hepatitis B infections.38 Also, the daily 
cost of illness of a dengue case in India is estimated to be 

twice the cost per day of illness for a tuberculosis case,42 
and in the Americas the economic burden of dengue 
surpassed that of other viral diseases, such as human 
papillomavirus.37 

Some country-level studies have revealed the substantial 
economic burden of dengue from the patient’s perspective. 
An assessment of the economic cost of dengue in 
Puerto Rico39 showed that households incurred 48% and 
employers 7% of the total dengue illness cost, whereas the 
government bore 24% and insurers 22% of the cost. 
Detailed by setting, households incurred 90% of the cost 
associated with fatal cases; 21% and 37% of the costs for 
hospital admission of a child and an adult, respectively; 
and 51% and 63% of the costs for ambulatory child and 
adult cases, respectively. Also, estimates of the direct 
medical costs in India,42 a country estimated to bear about 
a third of the global disease burden of dengue,28 suggest 
that private sources, mostly households, bore 80% of the 
cost. As mentioned previously, the burden could vary by 
country, depending on the fi nance structure of the health 
care system. Disentangling the estimates by cost-bearing 
stakeholders facilitates the assessment of eventual 
catastrophic medical costs incurred by families.43

Uncertainties in the estimation of the burden of 
dengue refl ect problems with data availability and quality, 
but also raise important points: the burden is without 
question large and growing; uncertainties in estimating 
disease burden (ie, infections and deaths) carry over into 
the estimation of the economic burden of disease; and 
the larger the uncertainty in estimates, the more serious 
are the challenges that policy makers face in setting 
priorities, allocating resources, and planning for 
interventions. 

Challenges in measuring the burden of dengue
The challenges of measuring the burden of dengue often 
result in uncertain estimates and hamper cross-country 
comparisons. Two studies26,29 discuss in detail several of 
those challenges and recommend ways to improve 
dengue burden estimates, particularly the economic 
burden. We propose a framework to add insights to the 
discussion (panel 1). We group common challenges into 
four categories: quantifying the true number of cases, 
quantifying heterogeneous costs, quantifying cyclical 
variations, and aiming for a comprehensive assessment 
of the burden. 

The offi  cial number of dengue cases and deaths that 
endemic countries report is often an underestimate 
for several reasons, including limited availability of 
information from private health practice;29 surveillance 
gaps that fail to detect dengue in symptomatic patients 
seeking care;44 individual decisions regarding health-
care-seeking behaviour (delaying or avoiding care results 
in underestimation of cases, but could also lead to 
complications, severe cases, and death);45 restricted 
access to primary health care; insuffi  cient access to 
sensitive and specifi c diagnostic tests; failure to recognise 
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symptoms and make a diagnosis of dengue;29 absence of 
a national health information system (and thus reliance 
on paper records); and absence of regulations that make 
dengue a disease of mandatory notifi cation. Calculations 
of the disease burden of dengue use expansion factors to 
circumvent this problem.24,37,38,46 However, applying a 
constant factor in a country or extrapolating factors from 
one country to another could lead to estimation problems, 
because the evidence indicates that the expansion factor 
varies by age,47 by the intensity of transmission44 and 
transmission season,48 by disease severity and treatment 
setting,49,50 by levels of access to health care,50 and across 
countries.29 Using data from a few areas and generalising 
for a country could also introduce bias if substantial 
spatial diff erences in transmission exist. Also, 
comparability among countries requires uniformity in 
case defi nition,29 which could be improving as the 
adoption of the 2009 WHO guidelines8 expands across 
dengue-endemic regions.

Diff erences in purchasing power among countries 
requires the use of a standardised monetary unit to 
facilitate comparisons,37 and results should be analysed 
in light of the fi nance structure of the specifi c health 
system. Also, compiling data on costs that are 
heterogeneous in nature is intrinsic to estimating 
the economic burden of dengue. Doing so requires 
combining medical costs with vector control expenses, 
with some monetary measure of productivity loss and 
reduced quality of life.24 Some medical costs can be 
more straightforward to measure if standard fees 
are charged for services in the public system (not 
likely in case of private practice), and if governmental 
dengue-related expenses are distinguished in itemised 
accounts. 

In countries where other vector-borne diseases are 
endemic, disentangling vector control costs by disease 
could be impossible,40 since they target multiple diseases 
transmitted by the same vector. This is currently the case 
in Brazil and other countries in the Americas and 
Asia that are simultaneously dealing with dengue, 
chikungunya, and Zika viruses, and where A aegypti 
vector control activities might have intensifi ed on an 
emergency basis to curb the Zika virus epidemic, which 
could also aff ect the transmission of dengue and 
chikungunya, if eff ective. 

Measuring the eff ect of dengue on productivity is not 
trivial. Information about the number of days lost at 
work or at school is not routinely collected. Although 
self-reported information collected through household 
surveys can obtain these data, recall bias is possible. 
Estimates of the cost of a lost day of work can be derived 
using the human capital approach (based on the gross 
earnings of an individual) or the friction cost method 
(based on the cost of hiring replacement labour).51 
However, additional assumptions are needed to estimate 
costs related to individuals working in the informal 
sector of the economy. The cost of a day lost at school is 

sometimes assumed to be the amount spent per child 
per day in public schools, on the basis of information in 
the education budget and school enrolment.39 Even more 
challenging is estimating the cost of reduced performance 
at work due to fatigue and other short-term and longer-
term consequences of dengue (eg, presenteeism).52 
Although some reports indicate long-term symptoms of 
dengue, observed only among individuals who had a 
symptomatic infection, their frequency, duration, and 
intensity are largely unknown.38,53 A 2016 study54 found a 
substantial burden of persistent dengue symptoms; 
when considered in burden estimations for Mexico, the 
economic burden increased by 13% when compared with 
previous estimates, and the disease burden was 
43% higher. 

A time series of data is crucial to capture the common 
cyclical pattern of dengue transmission, facilitating the 
burden calculation during both endemic and epidemic 
periods (panel 2).13,24,37,40 Failure to obtain data for multiple 
years is likely to result in overestimation or 
underestimation of the burden of dengue, depending on 
the epidemiological characteristics of the years 
considered in the analysis. Additionally, a time series 
allows for quantifying if, and how, the share of the 
burden incurred by health providers, households, and 
society as a whole varies during endemic and epidemic 
cycles. However, quantifying costs during outbreak years 
can be diffi  cult for at least two reasons: additional 
fi nancial resources might be disbursed on an emergency 
basis, without detailed allocation to specifi c activities, 
making categorising the diff erent cost components 
diffi  cult, and additional costs that are likely to occur 
during outbreaks are not easily quantifi able through 
routinely collected data, such as strains on health care 
from the high volume of patients and associated 
deterioration of service quality. Indeed, a review by 
Costenla and colleagues55 indicated that less than half of 
studies that estimated the economic burden of dengue 
considered the costs of outbreaks.

Panel 2: Comprehensive calculation of the economic 
burden of dengue

• Use a time series of data to capture the common cyclical 
pattern of dengue transmission

• Adopt a common framework that:
• Decomposes the cost estimate by who bears the 

burden: the government or a private insurer; the 
individual, the household, or both; and the broader 
community

• Summarises costs in four domains: illness, surveillance 
and reporting, control and preventive actions, and 
outbreak management

• Use existing survey eff orts (eg, Demographic and Health 
Surveys) to collect standardised information on dengue, 
facilitating cross-country comparisons 
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A comprehensive account of the economic burden of 
dengue would require considering components not often 
included in burden estimates. Data availability hinders 
estimates of the eff ect of dengue on tourism, mass events 
like the World Cup and the Olympic Games, business 
travel, and foreign or local investment. Although 
statistics on tourists visiting a country might be available, 
assumptions regarding the nature and duration of the 
eff ect would have to be made, such as if the eff ect on 
tourism only occurs after outbreaks and, in that case, the 
length of the eff ect; and if the eff ect occurs in any dengue-
endemic area, but is larger after outbreaks and during 
the months of transmission peak. Unless the statistics 
on tourists include the reason for the travel (eg, work and 
leisure), estimating the eff ect of dengue on travel would 
be quite challenging. 

Another important component is the additional cost 
associated with comorbidities. Evidence exists of an 
association between dengue haemorrhagic fever and 
several comorbidities, including diabetes, hypertension, 
allergy, cardiovascular disease, stroke, respiratory disease, 
and renal disease.56–58 Insofar as dengue promotes greater 
incidence and severity of comorbid diseases and 
complicates their treatment, the cost of dengue will also 
increase. 

Decomposing the cost estimate by who bears the burden 
(panel 1) sensitises both the government, which must 
identify the best strategies to control the disease, and the 
community, which must engage in control and preventive 
eff orts and be aware of the most appropriate behaviour to 
avoid proliferation of mosquito-breeding habitats.

Discussion
Rapid and unplanned urbanisation, global trade and 
travel, and environmental changes have created a 
contemporary environment that is extraordinarily well 
suited to A aegypti and thus to transmission of the dengue 
virus, particularly in tropical and subtropical regions. 
Currently, more than half of the global population lives in 
areas with risk of dengue transmission. With no specifi c 
drugs for treatment and with vector control eff orts unable 
to curb dengue expansion, the burden of the disease is 
daunting, irrespective of the uncertainty in estimates. 

Thoughtful recommendations have been put forth to 
mitigate some of the challenges in burden estimation.26,29 
However, information that is not routinely collected (eg, 
productivity loss) must be assembled through surveys or 
set on the basis of assumptions that are sometimes 
highly uncertain. A few cohort studies have been 
launched in dengue-endemic areas (some connected to 
vaccine trials), particularly in Asia and 
Latin America.41,50,59–63 However, those tend to be costly 
and are still scarce.64 With few exceptions, dengue-
endemic countries do not have good quality vital 
registration systems (that could provide numbers on 
deaths by cause), and have yet to implement national 
health information systems capable of capturing 

real-time data on outpatient, inpatient, and laboratory 
results. This information gap is a major challenge to 
address; the task, however, demands technical expertise, 
organised health systems, and fi nancial resources. 
Although this takes time to be accomplished, it must be 
initiated now rather than later. 

Until the information gap is overcome, nationally (or 
regionally) representative surveys would be an ideal 
temporary solution, but, again, many dengue-endemic 
countries do not have the resources to undertake them. 
In such a scenario, an alternative is to use the successful 
model applied for malaria, which used existing survey 
eff orts; since the year 2000, a special module has been 
added to the Demographic and Health Surveys conducted 
in malaria-endemic countries. This module gathers data 
to monitor the progress toward disease control and thus 
to reduce both morbidity and mortality and facilitate 
comparative analysis across countries. Similarly, a special 
module could be designed to gather essential information 
to estimate the burden of dengue. We argue that a 
lengthy module would not be needed, but an essential set 
of questions addressing variables related to productivity 
loss, community engagement in vector control, health-
seeking behaviour (use of private or public health 
services to treat febrile conditions in children and adults), 
persistent symptoms of dengue infections, and 
household arrangements for managing and paying for 
dengue illness. The inadequate access to sensitive and 
specifi c diagnostic tests for dengue and the increasing 
epidemiological importance of other diseases that are 
clinically similar to dengue and transmitted by A aegypti 
(eg, chikungunya and Zika viruses) call for better and 
standardised data collection. This would certainly 
contribute to a more accurate estimation of disease and 
economic burdens, and thus better policy decisions and 
evaluation of interventions.

Some estimates of the disease burden of dengue include 
assumptions about asymptomatic cases, so that numbers 
refl ect infections, detailed by apparent and non-apparent 
disease. Quantifying asymptomatic dengue infections 
requires assumptions and ideally should be informed by 
cohort studies that conduct serological surveys. Although 
on average only about one in four infections is 
symptomatic, this factor varies widely by age, transmission 
intensity, type of dengue virus, and location.65–68 Estimates 
of the economic cost of dengue, however, do not include 
asymptomatic cases, because those are invisible to the 
system: asymptomatic individuals do not alter their daily 
life routine and those infections do not translate into 
inpatient or ambulatory care. Nevertheless, asymptomatic 
individuals are more infectious to mosquitoes23 and thus 
are epidemiologically important, an aspect that must be 
addressed in behaviour change and communication 
campaigns to sensitise the community. 

For symptomatic cases, data are often under-reported 
because of incomplete coverage in case notifi cation and 
failure in diagnosis (as detailed previously), requiring the 
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use of expansion factors for burden estimation. The 
existence of good health information systems would not 
resolve this problem, and alternative data sources (such as 
the Demographic and Health Surveys) would be needed. 
A comparison between diff erent data sources indicated 
that passive surveillance provides a better measure of 
incidence trends (albeit likely to overestimate cases late in 
the transmission season); sentinel surveillance better 
captures seasonal outbreaks; and cohort surveys might 
not necessarily capture a population with similar 
characteristics to the surveillance data.48 Thus, combining 
diff erent data sources, but also using nationally 
representative data, could off er opportunities to identify 
correlates of expansion factors that can inform modelling 
exercises to improve burden estimations (panel 2). 

Vector control represents a substantial portion of 
governmental dengue-related costs. Currently, these 
costs are for control of A aegypti and thus are not uniquely 
dengue related. Diseases transmitted by A aegypti (eg, 
dengue, Zika, and chikungunya viruses) are likely to 
present a similar epidemiological curve. Thus, one 
possibility is to estimate the economic burden of diseases 
transmitted by A aegypti in which the health provider and 
the community components are consolidated for all 
diseases, but in which the individual or household is 
broken down by disease type (to the extent that this is 
feasible). Additionally, despite the limited effi  cacy shown 
so far, environmental management strategies for vector 
control must persist, but actions should not be under the 
sole responsibility of ministries of health. Intersectoral 
collaboration is crucial to increase the return of vector 
control investments. For example, eff ective control will 
never be achieved without widespread access to safe 
sanitation and the provision of infrastructure and 
practices that guarantee a steady supply of safe water. 
Intersectoral collaboration should be considered in the 
economic burden estimation (panel 1), but like vector 
control it would also aff ect other diseases.

A promising tool against dengue is the use of a vaccine, 
and more accurate burden estimates would lead to better 
planning of vaccination campaigns and better evaluation 
of their cost-eff ectiveness. Even a partially eff ective vaccine 
would aff ect the burden of dengue, reducing the number 
of new infections and thus reducing many of the costs 
associated with illness from the perspective of health 
providers, individuals or households, and society (panel 1). 
An eff ective vaccine would be a welcome addition to the 
limited tools currently available to reverse the growing 
burden of dengue.69 A live recombinant tetravalent dengue 
vaccine that requires three doses is licensed in 
seven countries (Brazil, Mexico, the Philippines, Indonesia, 
Costa Rica, Paraguay, and El Salvador) for use in individuals 
aged 9–45 years. Results from phase 3 trials in Asia and 
Latin America showed reductions in numbers of severe 
dengue cases and the need for hospital admission among 
some groups,62,70,71 but protective effi  cacy varied by serotype 
and presence of antibodies from previous infection at the 

time of vaccination. Trial results also suggest possible 
disease enhancement in younger children.62,72 Research 
continues with other vaccine candidates.73–76 
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