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In 2016, four leading organizations at the 

forefront of dengue prevention and control—

the International Vaccine Institute, the 

International Vaccine Access Center of the 

Johns Hopkins University, the Partnership for 

Dengue Control and the Sabin Vaccine 

Institute—joined forces to create the Global 

Dengue & Aedes-Transmitted Diseases 

Consortium (GDAC). The Consortium aims to 

promote the development and 

implementation of innovative and synergistic 

approaches to the prevention and control of 

Aedes-transmitted diseases, expanding each 

partner’s expertise in dengue to the fight 

against diseases such as Zika, chikungunya 

and yellow fever. Its creation reflects the 

urgent need for coordination in the currently 

fragmented efforts to control the diseases 

transmitted by Aedes mosquitoes 

Objectives of Meeting 

Under the aegis of GDAC, the Asia-Pacific Dengue Prevention Board (APDPB) held a meeting on 

“dengue in the time of Zika” in order to define key issues and considerations in dengue 

prevention and control in the context of dengue and Zika co-circulation, and to provide 

recommendations for needed research and public health measures especially for the region.  

Today, the risk of epidemics of arboviral diseases is at its highest in history. More than 3600 

million people live at risk of being bitten and infected by mosquitoes of the Aedes genus. Dengue 

has been a major public health problem globally for decades, but the disease burden continues 

to increase. Its geographic distribution is expanding (now affecting 128 countries), and it is 

showing increased epidemic activity, hyperendemicity and emergence of severe disease.  

Zika virus emergence and spread constitute the latest global challenge to the public health 

community; by the end of 2016, 79 countries had reported cases. It is being driven by the same 

global trends that caused the dengue and chikungunya pandemics.  In the Asia-Pacific region, 

another flavivirus, Zika virus, caused a small outbreak on Yap island in Micronesia in 2007 and a 

larger epidemic in French Polynesia in 2013-2014, but those outbreaks went relatively 

unnoticed until the virus spread to the Americas where it caused an explosive epidemic in 2015-

2016, associated with severe neurological complications in newborns. However, the incidence 

of Zika virus infections and their impact on public health in the Asia-Pacific region are not well 

understood. Given the potential co-circulation of Zika and dengue viruses, and the fact that the 

clinical manifestations of Zika, dengue and chikungunya may be similar, the meeting was 

convened in order to address the potential complexities in terms of epidemiology, surveillance, 

diagnostics, disease pathology, vaccines and vector control.  

The potential emergence of yellow fever remains an ongoing threat. Recent events include the 

outbreak of rapidly spreading epidemics and epizootics in Brazil, outbreaks and confirmed 

cases in Angola and the Democratic Republic of the Congo, and the import thence of cases into 

China.  

The emergence of other viruses transmitted by 

Aedes (Stegomyia) mosquitoes should be 

expected. Ae. aegypti and Ae. albopictus have 

global distribution. Other urban and 

peridomestic Aedes species have the potential 

to transmit flaviviruses, alphaviruses and 

bunyaviruses, some of which can cause severe 

human illness and cause epidemics. We have 

much to learn and understand about the 

biology and transmission dynamics of these 

viruses.  

What we do know is that existing vector 

control measures have been unable to prevent 

epidemic dengue, chikungunya and Zika. The 

main drivers of epidemics and heightened risk 

are demographic changes, environmental 

changes (including unprecedented urban 

growth, changing lifestyles, agricultural/land 

use practices and deforestation), animal 

husbandry practices and modern 



 
 
 

 

transportation. The overwhelming challenges are uncontrolled urbanization and globalization.  

 

  



 
 
 

 

Epidemiology and surveillance 

The World Health Organization (WHO) announced in February 2016 that the outbreaks of 

microcephaly and other neurologic disorders associated with Zika virus infection reported in 

Brazil constituted a Public Health Emergency of International Concern (PHEIC). Even though it 

lifted the announcement nine months later, it urged continued attention and a robust longer-

term technical mechanism to manage the global response.  

As of mid-June 2017, 84 

countries, territories and 

subnational areas had 

observed and reported local 

transmission of Zika virus to 

WHO. 1   In the Americas 

alone, there had been more 

than 565,000 suspected 

locally-acquired cases, more 

than 212,000 confirmed 

cases, and 3352 cases of 

congenital Zika syndrome 

reported by the same time. 

The real number of cases of 

disease is probably nearer 

several million.  

In Asia,1 some 1450 confirmed cases had been reported in 11 countries, territories or areas in 

2016.* The seroprevalence of Zika virus infection in the general population of Asian countries 

has not been adequately assessed to estimate the burden of the disease; most studies conducted           

                      so far have included only symptomatic patients seeking medical care. The incidence 

and prevalence of infection 

and disease are not yet 

known, but it is likely that 

Zika virus infections have 

occurred throughout the 

tropical parts of Asia but 

with unknown incidence. 

Co-circulation of viruses has 

been likely with unknown 

frequency. Infections are 

likely to be under-reported 

because of the absence or 

mildness of symptoms, 

while clinically apparent 

infections may be wrongly classified 

as dengue, even after laboratory 

testing – cross-reactivity is a major 

issue. Whether Zika virus infections confer long-lasting immunity is not known. Furthermore, 

the role of cross-protective immunity is also not well understood. Previous exposure to other 

                                                           
*
Indonesia, Lao People’s Democratic Republic, Malaysia, Myanmar, Philippines, Republic of Korea, Singapore, 

Taiwan (Province of China), Thailand, Viet Nam. 



 
 
 

 

flaviviruses may or may not protect against Zika virus infection and the question of antibody-

dependent enhancement remains a theoretical concern. The virus has evolved, and strains with 

a mutation in the gene of the NS1 protein appear to be associated with a higher antigenemia 

that may promote higher infectivity in mosquitoes and subsequently facilitate viral 

transmission.2 

 

Surveillance and seroprevalence 

Modelling 

Modelling work continues on the impact of the introduction of dengue vaccine, and on 
estimating the proportion of vaccine recipients who might be seronegative. As seroprevalence 
data are not available  

in many parts of the world, an international collaboration has developed a global dengue 
transmission map to provide additional information to countries considering introduction of 
dengue vaccine as part of their dengue prevention and control strategy.3 Estimates of dengue 
virus transmission intensity can be derived from age-stratified incidence and age-stratified 
seroprevalence data and used to calculate the expected seroprevalence at subnational levels for 
several countries. Besides recommendations for dengue vaccine introduction, WHO has issued 
guidance and tools, for instance, on the design and conduct of dengue serosurveys.4   

Modelling work is being extended to Zika virus infection, using serological data to move 
towards data-driven models and working towards better assessment of the attack rate and 
population exposed, the risk of severe outcomes, the relative importance of sexual transmission, 
the potential of vector control, and the potential impact of vaccine.  

Diagnosis 

For diagnosis of dengue virus infections, the most specific methods are direct: isolation of virus 
and detection of viral genome or antigens. RT-PCR is sensitive and specific, and often 
considered the gold-standard, but needs laboratory expertise and is neither easily affordable 
nor a point-of-care test. Real-time RT-PCR testing is more sensitive, limits the need for post-
amplification manipulations and lowers the risk of contamination; multiplex versions allow 
serotyping.  
 
Other molecular tests, such as isothermal amplification, are simpler, more rapid and/or provide 
additional sensitivity but need further development and validation. Antigen tests are valuable 
for detecting acute infections, and several commercial tests for NS1 protein are available. Some 
may be considered for point-of-care testing but they do not distinguish serotypes and secondary 
from primary infections. Combined NS1 antigen and IgM/IgG assays offer good sensitivity and 
clinical utility.  

For diagnosis of Zika virus infection, the standard tests are for RNA (PCR) and antibody (IgM 
ELISA and PRNT). The prospects for developing sensitive and specific assays are greater than 
for dengue virus infections. Zika virus (especially the Asian lineage) is genetically more stable 
and there is only one serotype (and Zika is not likely to behave as a fifth serotype of dengue 
virus). Obstacles to development of such tests include the fact that viremia is lower than with 
dengue virus infections, as well as issues of cross-reactivity and neutralizing competence of 
antibodies. In primary dengue virus infections, the immune response generates durable dengue 
serotype-specific antibodies and an abundance of cross-reactive poorly neutralizing antibodies. 
However, most dengue virus infections do not induce durable, high levels of Zika virus cross-



 
 
 

 

neutralizing antibodies.5 Much work has been done on the tertiary and quaternary structure of 
dengue virus epitopes, and epitope mapping for antibodies to Zika virus has begun. In 
secondary dengue virus infections, dengue cross-reactive neutralizing antibodies dominate (and 
become more cross-reactive with each new exposure to a dengue virus) while dengue type-
specific antibodies are maintained. But, in both primary and secondary dengue infections, only 
low concentrations of Zika cross-neutralizing antibodies are found more than six months after 
the dengue virus infection. 

Relatively recently, molecular assays for Zika virus infection have become commercially 

available, and several polyvalent assays that can differentiate dengue, Zika and chikungunya 

virus infections are, or soon will be, available. Low concentrations of Zika viremia may challenge 

multiplex RNA detection approaches. Priorities include the development of highly sensitive tests, 

point-of-care and rapid diagnostic tests (especially those that can reliably differentiate among 

dengue, Zika and chikungunya), novel technologies such as lab-on-a-chip and microfluid 

platforms for micro- and nano-scale detection, recombinant envelope antigens for differential 

detection of recent and remote Zika virus infection, and development of serological assays that 

can cope with cross-reactivity issues with co-circulating flaviviruses and vaccine introduction. 

Surveillance 

Challenges for surveillance and detection of Zika virus infection include the fact that, when it is 

symptomatic, it usually causes a mild disease of short duration. Often, the signs of fever and 

rash are not sufficiently concerning to lead to medical attention. Accurate diagnosis depends on 

access to commercial diagnostic laboratory assays that are sufficiently specific and sensitive 

and/or to standardized reagents. There are conflicting data about which bodily fluid samples 

are most suitable for testing, with recent results suggesting that Zika virus persists longer in 

semen than in urine and blood serum6 but longest in whole blood7. Further, there is a lack of 

laboratory networks with diagnostic capacities and of surveillance systems for microcephaly 

and Zika-associated neurological complications. However, local diagnostic capabilities are 

improving (with the caveat that this may lead to an apparent increase in the number of cases 

detected). Another challenge is the lack of baseline data on the prevalence of Zika-associated 

microcephaly.  

Surveillance and case detection of Zika virus disease face numerous obstacles. 

Recommendations included the need to combine surveillance of dengue and Zika. It was further 

suggested that Zika virus infection surveillance piggy-back surveillance of measles rather than 

dengue; the rationale is that as countries near elimination of measles, active surveillance is 

being implemented, offering a time-limited opportunity - such case-by-case surveillance is 

already detecting numerous cases of rubella. 

Priorities are to enhance surveillance for Zika virus infection and congenital Zika syndrome 

(which is seen at the same rate in symptomatic and asymptomatic Zika virus-infected pregnant 

women), to estimate population immunity and the number of cases of the syndrome, and to 

monitor the presence of virus in vectors. Many countries are planning to conduct serosurveys.* 

WHO organized a technical working group to provide guidance, which was published in 2017. 

WHO has issued interim guidance for surveillance for Zika virus disease, microcephaly and 

Guillain-Barré syndrome (GBS) in four different categories of transmission risk,8 followed by a 

technical note for designing and conducting seroprevalence surveys for Zika virus infection 

(intended in the first instance for WHO’s South-East Asia Region). The technical experts also 

proposed a cost-effective algorithm for testing for past infection with Zika virus, starting with 

Zika IgG ELISA, followed by plaque reduction neutralization tests for first Zika virus and then 



 
 
 

 

dengue and Japanese encephalitis viruses. IgG data have been shown to provide good baseline 

estimates for the force of dengue virus infection (especially in the absence of PRNT data).  

 

Country reports 

The Philippines remains hyperendemic for dengue with all four serotypes circulating, although 

changes have been chronicled recently. In 2014, sentinel-based laboratory surveillance began in 

21 hospitals across the country, with real-time RT-PCR for dengue serotyping. In 2014, serotype 

3 dominated. In 2015 both serotypes 1 and 2 were predominant, but in 2016 after an initial 
dominance of serotype 2 there was a switch mid-year to dominance of serotype 3, which 

remains predominant in 2017. Since 2010, on average 200,000 cases (mostly pediatric) have 

been reported annually, but the case-fatality rate remains low (less than 0.5%, highest in 

children <10 years of age). A school-based dengue vaccination programme was implemented in 

selected areas in April 2016.  

 

Zika virus is circulating in the Philippines, but with a low number of reported cases. In 2016, 

two cases were found in travellers returning to their home country from the Philippines, as well 

as one case of local transmission. Zika has been added to the list of notifiable diseases, and 

active case surveillance in selected hospitals has begun. Results of surveillance testing of sera 

for 15 months since the beginning of 2016 show that 3% had IgM antibodies against Zika virus 

(the figure for dengue was 21%); comparable results for IgG antibodies were 12% and 74% 

respectively. 

In Singapore, following the unprecedented high levels of dengue seen in 2016, 2017 has been a 

quiet year, with about 50-60 dengue cases a week being reported and no outbreak expected for 

the rest of the year, even though the rainy season had commenced. Serotype 2 predominates 

somewhat against a background of serotypes 1 and 3. 

Compared with the high number of cases of Zika reported in 2016 (458), the total so far in 2017 

is low (39). The Government responded vigorously to reports of Zika cases and clusters, with 

sustained, intensified vector-control operations and public education. The use of gravitraps for 

screening for Aedes mosquitoes has revealed the presence of Zika virus in both Ae. aegypti and 

Ae. albopictus. Sequencing the viral genomes indicates the presence of two clades. Approaches 

such as social network analysis to track movements of construction workers from sites 

associated with Zika outbreaks may be valuable tools for prevention.  

In Thailand the dengue situation is well recognized. Stored sera from various sources in the 

country have been tested for antibodies to Zika virus, and the results suggest that the virus has 

been present in the country for 60 years. Recent cooperation with the Centers for Disease 
Control and Prevention (CDC) in the USA has confirmed Zika virus infection in travellers 

returning to North America from Thailand and in-country surveillance and laboratory 

investigation has established that the virus is endemic and widespread across the country.9 

Dengue and Zika viruses have probably been co-circulating in the country for decades. 

Genetically, the recently isolated Zika virus strains are closely linked with those isolated both 

during the outbreaks in French Polynesia and Brazil. Preparedness for Zika fever has been 

augmented with strengthening of laboratory capacity (including real-time PCR and plaque-

reduction neutralization tests), specific surveillance of at-risk populations, increased 

entomological surveillance, monitoring of cases with fever and rash, and heightened awareness 

and monitoring of microcephaly and GBS. In five recently identified cases, family members of 



 
 
 

 

pregnant women with Zika virus infection were followed, along with testing during pregnancy, 

allowing asymptomatic cases to be detected. There is an adequate level of laboratory 

capabilities with 14 regional lab centers distributed across the country. Their findings show that 

Zika virus in Thailand is endemic with seasonal variability similar to dengue. Estimation of the 

burden of disease due to Zika virus will be improved with better reporting of clinical cases of 

Zika for laboratory confirmation.   

In discussion, the reported importation of a case of yellow fever into China and the existence of 

a large yellow-fever naïve population in Asia prompted questions about whether vaccination 

should be introduced as a proactive precautionary measure. Such immunization in Asia may be 

difficult to recommended, especially as most countries in the region already have strong policies 

on yellow fever vaccination of travellers to and from endemic countries. Why endemic yellow 

fever has not occurred in Asia, where so many supportive factors for outbreaks exist, remains 

unknown. 

Vector control 

Some successes in eradicating Ae. aegypti and reducing disease incidence have been recorded 

over the past century. In some instances, the reason for success were a condition of the time 

period, ranging from autocratic but supportive governments and top-down paramilitary 

programs to detailed mapping and control of larval habitats and dedicated and well-trained 

staff, smaller cities, fewer tires, plastics and disposable containers, minimal air travel, adequate 

funding, regional programs and widespread use of an effective insecticide (DDT).  

 

 

 



 
 
 

 

Failures of control programs have been associated with global and national policy changes in 

the 1970s, the adoption of space spraying against Ae. aegypti mosquitoes, the general 

deterioration of public health infrastructure in some situations, and coincident economic and 

global trends such as population growth, urbanization and globalization. Underlying these 

failures were factors such as complacency and apathy, lack of political will and economic 

support, reactive control responses (too little, too late), a lack of community ownership and 

partnership as well as a host of weaknesses in Aedes control operations. The result is that 

traditional vector control methods have generally been unsuccessful. 

  

Prevention and control measures now include vaccines, antiviral medicines, therapeutic 

antibodies, mosquito control and an integrated approach. Promising new tools include lethal 

ovitraps, spatial repellents, new residual insecticides, insecticide-treated curtains and screens, 

harborage spraying against Ae. albopictus, sterile male mosquito releases, and infection of 

mosquitoes with the bacterium Wolbachia. None of these methods is likely to succeed if used 

alone. Although vaccines will likely be implemented concurrently with vector control, 

epidemiological trials are needed to quantify the protective effectiveness of vector control 

interventions alone and to provide baseline data. One four-armed trial is planned to compare 

the impact of vaccination, vector control and the two combined against no intervention.10 GDAC 

is at the forefront of these attempts to improve integration and increase synergy. 

The Eliminate Dengue Project, an international collaborative effort, is using the principle of 
cytoplasmic incompatibility to reduce the ability of Ae. aegypti mosquitoes to transmit dengue, 
yellow fever, West Nile, chikungunya and Zika viruses to humans.11 When male mosquitoes 
infected with Wolbachia mate with non-infected female wild mosquitoes, those females will lay 
eggs that do not hatch. When female mosquitoes infected with Wolbachia mate with males 
without Wolbachia, all her offspring are infected. In a series of tests, infected mosquitoes reared 
from eggs were released from Mozzie boxes over 6-8 weeks. In larger-scale tests, infected adults 
were released. As these mosquitoes mate with the wild mosquito population, the bacteria are 
passed on from generation to generation and, over time, the percentage of mosquitoes 
carrying Wolbachia grows until it remains high. Wolbachia can sustain itself in mosquito 
populations without continual reapplication, which makes this method potentially sustainable 
and cost-effective in the long-term.  

The approach is being tested in Australia, India, Indonesia and Viet Nam as well as in two sites 

in Latin America (Brazil and Colombia), where larger-scale projects are planned. Community 

engagement, through consent and participation, is an essential ingredient in the projects and 

has been obtained in all sites. In Cairns (Queensland, Australia) and Jogyakarta (Indonesia), 

Wolbachia-infected mosquitoes have established themselves. Over a period of six years in 

Cairns, no signal of failure has been detected: no case of locally acquired dengue has been 

detected in areas where the Wolbachia-infected mosquitoes have established themselves. 

However, in Tri Nguyen Island (Viet Nam), Wolbachia-infected mosquitoes disappeared from 

one half of the demonstration site.   

Different avenues are being followed for measuring public health impact of Wolbachia. 

Observational data have shown some evidence so far. In Indonesia, after extensive community 

consultations, an open-label randomized controlled trial to reduce the incidence of dengue in 3-

30 year olds and also to reduce the incidence of Zika and chikungunya is under way, and plans 

are to replicate it in Viet Nam. Altogether nearly 7 million releases of Wolbachia-infected 

mosquitoes are planned, sufficient to form a solid evidence base.  



 
 
 

 

Issues include the regulatory framework covering Wolbachia-infected mosquitoes, which seem 

likely to be decided differently by individual countries, and willingness to pay. Proof of cost-

effectiveness will be needed before limited funding is shifted away from purchasing insecticides.  

Major identified success factors for vector control are community engagement, willingness to 

pay, and the existence of trained and dedicated staff.  

 

Health economics and financing mechanisms 

There is a range of ways to quantify the economic burden of dengue and Zika disease. Up to now, 
most studies have focused on the narrow economic burden, that is the public sector (and 

sometimes narrow societal) costs of cases presenting to health care services. However, this 

approach ignores the burden of cases not presenting for health care as well as broader 

economic outcomes of these diseases. Depending on the policy context, some of these broader 

measures of burden may be relevant to decision-making. For instance, the threshold cost at 

which Dengvaxia becomes cost-effective in a population-based programme can double if 

societal costs (such as costs of private care and productivity losses) are taken into 

consideration.12  

For dengue, the costs, including both public health care and societal costs, broken down by 

treatment, vary widely among counties and regions, ranging from less than US$ 1 per clinical 

case in Africa to more than US$ 55 in Asia.13 In addition, there are even broader costs that are 

currently difficult to quantify but which may still be relevant, such as the impact that dengue 

may have on medical impoverishment, catastrophic health expenditures and tourism.  

The health impact of dengue is often measured using disability-adjusted life years (DALYs). 

However, there are several disability weights available depending on which version of the 

Global Burden of Disease studies is used, and the range of weights can vary widely depending on 

the version.  

Each country will need to assess and rank the various types of costs (including health sector, 

societal, household and broader economic costs), in line with national priorities, and each will 

need innovative broad-ranging economic studies to strengthen the evidence base for decision-

making.  

One study modelled the cost-effectiveness of a hypothetical Zika vaccine on the economic 

impact of the disease in Singapore using data on the 2016 outbreak, and dengue and Dengvaxia 

for comparison. The model looked at costs of cases of Zika disease (from mild to neurological 

complications and microcephaly) and its management and prevention, DALYs, care, loss of job 

productivity and those related to vaccine and vaccination. It transpired that the largest costs 

were transportation and administration of vaccine (even a “free” vaccine having costs). The 
model also tested 25 different vaccination scenarios, indicating that the most cost-effective 

would be to vaccinate pregnant women, assuming that all receive antenatal care and that the 

cost of a putative Zika vaccine is low (about US$ 20/dose). Because of the variation in 

parameters and assumptions, each country planning to introduce a vaccine (actual or candidate) 

should conduct such analyses. 

A review of financing strategies for vaccine introduction raised questions about whether 

countries can raise the funds needed for introduction of vaccines, where they open to innovative 

financing mechanisms and whether they had proven track records in mobilizing funds and 

sustaining funding for the introduction of new vaccines. Many low- and middle-income 

countries rely for financial support on The GAVI Alliance, intergovernmental agencies and 



 
 
 

 

bilateral organizations, in addition to national funds for introducing vaccines, but nevertheless 

still face a funding gap. The challenges they face include: lack of experience in negotiating prices; 

ensuring both affordable pricing for new vaccines and availability of sufficient fiscal resources; 

an absence of legislation on the financing of immunization; and poor capacity to take on vaccine 

funding.  

In many countries in Asia, general taxation is the primary source of funding public health care – 

a traditional means of financing along with social health insurance. Alternative or additional 

sources of funding include new government funds, earmarked taxes, external aid, and voluntary 

contributions. Possible options for raising more than US$ 100 million a year include national 

lotteries (where permissible and feasible) and domestic taxes. Low-interest multilateral loans 

and debt buy-downs or concessional loans have the potential to raise up to US$ 100 million a 

year. All have different pros and cons.  

Many of these alternative funding mechanisms are in operation. Lotteries exist in at least eight 

South-east Asian countries, with many already contributing proceeds to health programs and 

charities. The Thai Health Fund provides about 0.6% of the Government’s total health 

expenditure. In the Philippines taxes on alcohol and tobacco fund universal health care; and 

Indonesia’s tobacco excise taxes raise about US$ 150 million a year. Development banks support 

health service improvements in Bangladesh and Lao People’s Democratic Republic, and 

immunization projects in India. Mechanisms for decreasing the debt of developing countries and 

using the freed-up resources to fund health programs are widely used in the region. Other 

mechanisms remain to be explored within the region, such as bonds (mixed public/private 
initiatives designed to give immediate access to large-scale funding), global or regional taxes 

(for example, an ASEAN levy on airline ticket sales), pooled procurement (a mechanism that is 

operational in other regions), impact investment funds (for example, the Global Health 

Investment Fund) and voluntary donations by consumers (such schemes can be global, regional 

or national).   

Given current fiscal circumstances, many countries in the region will need support for vaccine 

introductions. For dengue and other potential flavivirus vaccines, the longer-term choice among 

several financing strategies and potential financing models depends on how much they can raise, 

priorities (global, regional or national), and the country context including its ability to afford 

and sustain vaccine programs.   

 

Vaccines, candidate vaccines and clinical trials 

Updates were provided on the status of trials and development of several candidate vaccines. 

Common themes to emerge were the added layers of complexity that co-circulation of Zika and 

other flaviviruses and the changing epidemiology of Zika virus add to an already complex 

picture with dengue and dengue vaccine. In addition, there is the lack of good data on Zika virus 

infection in Asia, where it appears to be causing mostly asymptomatic infections or mild illness 

without the explosive outbreaks seen in Latin America. 

Sanofi Pasteur’s dengue vaccine, registered as Dengvaxia, is licensed now in 17 countries. WHO 

has issued conditional recommendations to introduce it into highly endemic countries 

(seroprevalence >70%). Concerns have been expressed about its efficacy and possible disease 

enhancement in young children. Many lessons have been learnt from well-conducted Phase III 

trials.  



 
 
 

 

Trials (CYD15) of Dengvaxia continue in Latin America, in areas where Zika virus is also 

circulating. Since the irruption of Zika virus, active surveillance has been reinstituted among the 

nearly 21,000 children aged 9-16 years enrolled in the trial, although it is recognized that assay 

cross-reactivity may complicate evaluation. Acute sera are being test for Zika virus by a 

qualitative RT-PCR assay; so far between 14,000 and 18,400 sera are being so tested. Viral 

genome sequencing is planned.  

The company is preparing to conduct trials of a Zika virus vaccine candidate, including an 

efficacy clinical study in Latin America.  The currently observed declining incidence of Zika virus 

infections in Latin America however leads to questions around sample size, power calculations, 

and study feasibility. A low incidence will severely limit what can be discovered through human 

clinical trials. The company is reviewing the situation in Asia.  

The Butantan Institute continues its trial of a live attenuated tetravalent dengue vaccine 

TV003, administered in a single dose to people aged 18-59 years. A Phase III trial began in 2016. 

Its lyophilized formulation gives similar results to the liquid version prepared by the US 

National Institutes of Health. The Butantan Institute has begun work on a pentavalent dengue-

Zika vaccine as well as research into a vaccine against Zika and chikungunya virus infections. It 

is completing a new production plant and continues to develop educational materials and build 

partnerships. 

Enrolment of 20,100 subjects in Takeda’s Phase III efficacy trial of its two-dose live attenuated 

tetravalent dengue vaccine candidate (TDV) was complete in March 2017. This trial is being 

conducted at 26 sites in eight countries, with first results due in late 2018. Subjects are likely to 

be exposed to other flaviviruses, including Zika virus, and some will have been vaccinated 

against Japanese encephalitis (in Asia) and yellow fever (in Latin America). Serum samples are 

being collected from all subjects before vaccination and one month after the second dose for 

detection of dengue serostatus and seroconversion, respectively. Active surveillance for febrile 

illness will continue for 57 months for each subject, irrespective of whether the subject is 

admitted to hospital.    

Takeda has recently partnered with the Biomedical Advanced Research and Development 

Authority (a division of the US Department of Health and Human Services) to develop a vaccine 

against Zika virus infection.  

The goals of a Zika virus vaccine are to reduce the clinical burden of disease (microcephaly and 

neurological disorders), generate herd immunity, and reduce transmission. The prospects for a 

vaccine are favorable. The virus exists as one serotype with no antigenic variation and three 

closely related genotypes.14 The envelope proteins and single glycosylation site are well defined, 

and genomes have been sequenced. Commercial vaccines against some other flaviviruses have 

been successful. Candidate Zika vaccines are protective in animal models and the immune 

response clears acute infections and confers apparently long-lasting immunity. Funding has 

been made available for research and development.  

On the other hand, numerous challenges exist. These include the theoretical risks of 

autoimmune neuropathy and antibody-dependent enhancement (ADE), the duration of 

immunity through the reproductive years, agreement on clinical endpoints (measuring rare 

outcomes will require huge sample sizes and may be diagnostically complex and resource 

intensive), the feasibility of clinical trials in face of declining incidence, the intended use of the 

vaccine (whether for emergency response to outbreaks or routine immunization), and 

regulatory pathways. In vitro studies have shown that antibody-dependent enhancement can be 

demonstrated between Zika and dengue viruses, including with strongly neutralizing 



 
 
 

 

monoclonal antibodies which may be protective. Many such in vitro studies have now shown 

that dengue antibodies can enhance Zika virus infection, but the clinical relevance is uncertain. 

Non-human primate models have not demonstrated enhancement, and the very few human data 

available do not show evidence of ADE.15  The theoretical risk of ADE should not deter Zika 

vaccine development efforts.  

Some 45 Zika virus vaccine candidates belonging to several types are under investigation. The 

different platforms include recombinant or subunit, live attenuated, purified whole inactivated 

virus (three candidates, which are fully protective in mice and non-human primates), nucleic 

acid and viral vector (at least five in development, with yellow fever, dengue, measles and VSV 

backbones). At least six candidates are in early clinical trials (two Phase II).16  

Controlled human infection models (CHIMs, or infection challenges), in which volunteers are 

typically exposed to pathogens in order to induce infection or disease, have been used 

successfully in studies of pathogenesis and natural immunity, and to accelerate development of 

candidate vaccines (e.g. malaria, dengue and cholera) and medicines. Previous work, however, 

has addressed infections that are relatively well-understood scientifically. With Zika virus 

infections, there is greater uncertainty, raising ethical concerns about risks of infection (known 

and unknown) and the risk of transmission to third parties.17 For dengue and Zika candidate 

vaccines, they offer a means of selecting the most promising before Phase II or even Phase III 

trials, and for the identification of correlates of protection, as well as contributing to our 

understanding of pathogen-host interactions.   

Several human infection model studies have been done with dengue virus candidate vaccines 

using DENV2 and DENV3, showing good clinical responses, acceptable safety profiles, protection 

against infection challenge, and good reproducibility of results. Use of the live attenuated 

tetravalent dengue vaccine candidates, TV003 and TV005, in human infection models enabled 

the former to be selected for Phase III trials.  

For Zika vaccines, human infection models can select vaccine candidates early in their 

development stage, enabling resources to be concentrated on candidates that demonstrate the 

highest likelihood of success. They can also facilitate assessment of vaccine efficacy if circulation 

of Zika virus diminishes such that field efficacy trials cannot be done. The models offer several 

advantages. They can assess: the ability to induce sterilizing immunity and its duration; the 

effect of pre-existing flavivirus immunity on vaccine immunogenicity and/or protection; and 

protection conferred by passively-transferred antibodies and the durability of that protection. 

They may also identify correlate(s) of protection. Additional benefits could come in the form of 

characterization of Zika virus infection in humans, evidence to form the basis of public health 

guidelines related to viral transmission, and understanding the effect of pre-existing dengue 
virus or other flavivirus antibodies on Zika virus infection. Moreover, as transmission decreases, 

such infection models may be necessary to demonstrate efficacy of a vaccine and to assess 

ability to induce sterilizing immunity. 

 

Working groups 

The Board broke into three working groups on: epidemiology and surveillance; diagnostics; and 

prevention and control.  

Epidemiology and surveillance 



 
 
 

 

The first group noted that little knowledge existed about the effect of the co-circulation of 

dengue and Zika viruses and the impact, if any, of previous arbovirus infections on those two 

infections.  

The numerous questions about Zika virus and its co-circulation with dengue need urgent 

answers, for which more research is necessary. What is the distribution of Zika in the Asia-

Pacific region and what is the extent of co-circulation of dengue and Zika viruses? Does co-

circulation have any effect on, for example, transmission dynamics, the spectrum of clinical 

manifestations, health outcomes, and long-term sequelae. Why are outbreaks of Zika in the 

region not as explosive as those in Latin America and what is the burden of disease in the region? 

How do Asian strains of Zika virus differ from other strains in terms of infectivity, virulence, 

antigenicity and shedding (from symptomatic and asymptomatic subjects)? How susceptible are 

different vectors to Zika virus? What is the interplay of host factors in flavivirus infections; for 

instance, are antibodies to other flaviviruses protective against Zika virus infection, or is there a 

risk of antibody-dependent enhancement of infection?  

A population-based study of Zika and dengue virus circulation in a dengue-endemic area in 

community- and hospital-based populations, including pregnant women, would be useful. 

Existing routine surveillance systems do not allow such information to be obtained because the 

clinical manifestations seen, at least in mild disease, are not those that precipitate presentation 

to hospitals or health clinics. The data provided by surveillance systems need to be compared 

with those from such a study in order to determine by how much the extent of infection is 

underestimated.  

In developing countries, 90% of dengue cases are detected through clinical diagnosis, with little 

role for laboratory diagnosis. Most Zika virus infections (about 80%) appear to be 

asymptomatic; otherwise, the most common signs appear to be fever and rash, and the illness is 

self-limiting. However, the main concern is the potential for congenital Zika syndrome. For that 

reason, it is urgent to determine the level of immunity in women of child-bearing age. As the 

clinical presentation of symptomatic infection with chikungunya, dengue and Zika viruses may 

be similar, surveillance should be updated through the use of real-time assays, and the systems’ 

capacity should be strengthened at all levels.  

Surveillance for clinical management currently has a focus on clinical diagnosis and care. What 

is needed includes markers for severe disease (an area for research that includes host genetics) 

and etiological diagnosis. Other aspects of surveillance needing attention include: 

 public health surveillance (described as “information for action” or the pulse of the 
community): if surveillance data are not of good quality, there is no possibility of a reaction 

to a case or an outbreak. Therefore, there is a need to establish sentinel surveillance sites, 

with links to laboratory confirmation and strain surveillance, and to maintain passive 

surveillance, using standardized case definitions. A suggested area for research would be 

genotypes, serotypes and genome sequences of viral isolates.  

 intervention impact, focusing on both vector control and vaccination, and vaccines; 

 entomological surveillance (in both urban and rural areas), for both Ae. aegypti and Ae. 
albopictus (looking at vector competence) and the susceptibility of both species to different 

interventions, and for the presence of insecticide resistance.   

A general essential requirement was the development of better (and more affordable) 

diagnostic tests and the enhancement of laboratory capacity to support surveillance of co-

circulation. 



 
 
 

 

Diagnostics 

The discussions of the second working group also highlighted epidemiological concerns: how 

common are Zika virus infections in Asia? Cases of Zika virus disease have been reported and 

viruses isolated, but no good seroprevalence data on Zika exist in the region. The importance of 

seroprevalence studies was underlined. Apart from the reports on the outbreaks on Yap Island 

and in French Polynesia, the proportion of exposed populations who are or have been infected 

is not known. Some information could be derived from existing surveillance of dengue, using 

cross-sectional samples and break down by age.  

A suggested approach was to use a screening ELISA followed by neutralization assays – not a 

perfect solution, but it could generate useful information on dengue, Zika and Japanese 

encephalitis virus infections. New assays under development are challenging (including the 

paucity of laboratory capacity and capabilities). Possible ways forward include intraregional 

collaboration and technical cooperation on laboratory science, as it is not practical for each 

country to attempt to go it alone; key regional reference laboratories could be identified in 

which high-throughput neutralization assays could be introduced. Until new assays are 

available and in routine use, a simpler method would be to use virus-specific recombinant 

antigens (for example the NS1 protein), which are already being produced, even though it is still 

early for that approach. For diagnosis of acute cases, only PCR is currently being used by 

national reference laboratories.  

It was noted that vaccine manufacturers are already collecting baseline serological samples, 

which are already being testing for Zika virus infection, in order to determine its prevalence in 

their cohorts. Several countries could follow that approach, but should coordinate their 

activities with those of the companies involved in order to generate good seroprevalence data. 

Other challenges concern testing for dengue virus infection. First is the issue of diagnosing 

dengue infections in symptomatic individuals who have received dengue vaccine. Prolonged 

presence of dengue IgM antibodies due to dengue vaccination may confuse the diagnosis of 

acute dengue virus infection. RT-PCR testing may be helpful, but may not be readily available or 

affordable. More work in this area is needed. Secondly, there is no clear consensus on testing of 

individuals before dengue vaccination to determine whether they are already dengue 

seropositive. No consensus was reached about which assays should be used. More generally, 

there is an issue of differentiating between dengue, Zika, chikungunya and other flavivirus 

infections. No commercial assay with such a spectrum is available. When a reliable serological 

assay will become available is not known. Meanwhile, neutralization assays are available, but 

they remain research tools.  

 

Prevention and control interventions 

The third working group identified several take home messages. The evidence base for the value 

of existing vector control strategies is thin. Although vector control may not be without benefit, 

there is insufficient information to allow prioritization of one method over another or to 

determine the cost-effectiveness of various methods. No national-scale trial has been 

undertaken that evaluates the impact of traditional vector control methods using an 

epidemiological endpoint.  

WHO’s Vector Control Advisory Group on New Tools was established to assess the public health 

value of new product classes in vector control. This group has set a high hurdle for new 

technologies – it is more demanding than for existing ones. New tools are in the development 



 
 
 

 

pipeline (for instance, new active ingredients for indoor residual spraying and larval control), 

but proof is needed of effectiveness in terms of preventing human cases. Release of sterile male 

mosquitoes will also need trials before the approach can be endorsed. Even when such trials 

have been approved, with implementation mechanisms defined, at health ministry level, new 

vector control technologies may face problems due to decentralized implementation; in other 

words, ministerial guidelines may exist but may be refractory to local decision-making. 

Leadership and political will are crucial factors for success, and in particular for establishment 

and maintenance of funding.  

Some Zika vaccine candidates are in human trials. However, a complex epidemiological 

environment with apparently waning epidemics of Zika virus in the Americas, and co-

circulation with dengue viruses, brings up questions about how Zika vaccines are to be tested, 

and if and how they should be used in combination with dengue vaccines? High-level 

recommendations (for instance from WHO) may be needed. 

The group identified a series of specific needs and requisite actions for improving prevention 

and control interventions: 

1. Vector control. Re-evaluation of current vector control strategies with estimates of 
associated societal and/or governmental costs;  
Creation of protocols for complementary assessment of new and existing vector control 

technologies and evaluation of cost-effective strategies across different countries;  
Evidence-based applications following pilot studies and with a stronger drive to follow 

WHO guidelines; 
 

2. Funding. Identification and listing of funding bodies, with mapping by country and 

region of the regulatory landscape for all control methods with pathways that are shared, 

and identification of individual specialized tasks and governmental bodies necessary for 

approval of a technology at a national level; 

Clear definition of the funding structure within a country so that concerned parties can 

identify funding opportunities, and that, for full cost-effectiveness studies, the true 

spending and allocation of funds between different technologies can be known. 

 

3. Epidemiological data. Calculation of disease burden estimates with data from various 

health ministries and other governmental bodies;  

Establishment of baselines for modelling efforts and clinical trials. 

 

4. Preparation and planning. Creation of a road map for introduction of both vaccination 

and vector control methods with considerations made for the application of both;  

Identification of research gaps and missing data, such as those on efficacy, with 

appropriate steps to take to enable continued re-assessment;  

Consideration of the different needs and responses of endemic and epidemic countries 

and specific control plans;  

Generation and sharing of informative case studies for neighboring countries in order to 

allow evaluation of potential applications; 

Tailoring of each concerned country’s plan with cross-border collaboration. 

 

5. Communication and legislation. Drafting of an authoritative guide on issues around 

prevention and control of flavivirus infections and disease for law-makers, and creation 
and maintenance of good communication channels between academics and policy-

makers;  



 
 
 

 

Establishment and maintenance of good communication with the general public, 

recognizing that poor or absent communication can damage control efforts;  

Establishment of continuing stable channels of communication as protocol for briefing 

new ministers and politicians;  

Enhancing stability in projects and not making them susceptible to budget cuts when 

political power changes; 

Sharing lessons about public engagement between relevant bodies at country level;  

Assessment of ways to enforce current laws for effective implementation of all aspects 
of vector control and monitoring of effective delivery at local and national levels. 

 

Conclusions 

The Asia-Pacific region has recently seen the re-emergence of several diseases caused by 

arboviruses transmitted by Aedes mosquitoes, in particular dengue, chikungunya and Zika, and 

faces the threat of re-emergence from imported cases of yellow fever. The presence of Ae. 

aegypti, Ae. albopictus and other Aedes species poses a risk for the emergence of other 

arboviruses. In 2016, the WHO declared a public health emergency of international concern 

owing to a Zika epidemic in the Americas with associated neurological complications. 

Coincident with this explosive epidemic in the Americas, outbreaks of Zika virus infection were 

documented in 2016 in Asia in Singapore, Thailand and Viet Nam. 

On the positive side, promising new tools, including vaccines, vector control methods and 

diagnostics have become available, with more in the development pipeline. However, effective 

prevention and control will require multi-sectoral participation and coordination.  

The Board concluded that there is a critical knowledge gap on the epidemiology of Zika in the 

region, and its potential implications for dengue. With the Zika epidemic waning in the Americas 

in 2017, the estimation of Zika burden in Asia may become a key factor in global prioritization 

of prevention and control measures. Systematically designed retrospective and prospective 

studies of Zika and dengue should be undertaken and appropriately resourced. Retrospective 

Zika-specific testing should be done on samples from existing dengue epidemiological studies or 

dengue vaccine trials. In addition, prospective studies in Asia focusing on possible congenital 

and neurological complications of Zika virus infection should be undertaken. Although current 

diagnostic tools have limitations, seroprevalence studies of flavivirus infections incorporating 

both dengue and Zika testing along with other relevant arboviruses should generally be 

conducted in conjunction with routine surveillance when possible. Potential sites for putative 

Zika vaccine trials in Asia should be identified if and where the incidence of Zika virus infection 

is found to be substantial.  

Given the ongoing risk of emergence or re-emergence of new and existing Aedes-transmitted 

viruses, along with the potential complexities of co-circulation, basic public health surveillance 

systems will need to be strengthened to be able to detect such pathogens in real time; and 

laboratory-enhanced sentinel surveillance will need to be augmented to detect closely related 

pathogens, while at the same time maintaining robust case-based systems. More accurate and 

affordable diagnostic assays are actively being developed, and will need to be validated in the 

field. Public health systems should be strengthened in alignment with existing requirements 

such as the International Health Regulations (2005). 

New and existing tools for prevention and control, including vaccines and vector control 

technologies, will need to be coordinated among different sectors within countries and 



 
 
 

 

international organizations. To determine the appropriateness of different interventions, the 

epidemiological impact of these methods should be measured systematically. Information on 

vaccine effectiveness and impact has or is being generated (e.g., Dengvaxia). However, such data 

are much more limited for vector control methods and for combined approaches such as 

vaccine/vector control. Such studies should be undertaken to inform public health authorities to 

guide policy and decision-making. 

The Board also underlined the need for effective strategies to communicate information about 

prevention and control of Aedes-transmitted diseases. Communication should reach across 

different sectors and engage multiple levels of society, with their targets going beyond health 

ministry officials to legislators and other stakeholders, and to a broad spectrum of the general 

public. Adequate and sustained funding and resource allocation will be critical, and strategic 

and focused communications will aid in this effort.  
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Appendix 1: Agenda and Speakers 
 

[Day 1] – Thursday June 22, 2017 

8:20 – 9:00 am 

Executive session of Dengue Prevention Board (closed session for Board Members)  

Location: Thong-lo room (8
th

 Floor) 

DPB members only 

Opening Session  

9:00 – 9:10 am Opening Remarks In-Kyu Yoon (GDAC Director) 

9:10 – 9:35 am Global Aedes-Transmitted Diseases Situation Duane Gubler (GDAC Chair) 

Session I: Country Dengue/Zika situations 

9:35 – 10:20 am 

Country situation report on Zika and dengue situations (15 

mins per presentation) 

- Singapore 

- Thailand 

- Philippines 

 
 

- Grace Yap 
- Rome Buathong 
- Ava Kristy Sy 

10:20 – 10:35 am Q&A and discussion Facilitator: Jacqueline Lim  

10:35 – 10:50 am COFFEE BREAK  

Session II: Epidemiology and Surveillance 

10:50 – 11:20am Zika epidemiology in Asia Philippe Buchy (GSK)  

11:20 –11:50 am 
Surveillance systems and co-circulating dengue/Zika &  

update of Zika burden studies in SEARO region 
Richard Brown  
(WHO Thailand) 

11:50 –12:20 pm Seroprevalence data for dengue and Zika modelling 
Natsuko Imai  
(Imperial College) 

12:20 –12:35 pm Q&A and discussion Facilitator: Hasitha Tissera 

12:35 – 1:50 pm 
LUNCH  

Location: Buffet at Food Exchange (7
th 

floor) 



  
 

 

Session III: Diagnostics 

1:50 – 2:30 pm 

Complexities in diagnostic virus detection assays for 

dengue/Zika virus 

Landscape of flavivirus diagnostics 

Annelies Wilder-Smith  
(Lee Kong Chian School of 
Medicine) 

2:30 – 3:00 pm Complexities in diagnostic serologic assays for dengue/Zika Aravinda de Silva (UNC) 

3:00 – 3:25 pm Q&A and discussion 
Facilitator:  
Jacqueline Deen 

3:25 – 3:55 pm COFFEE BREAK 

Session IV: Vector Control  

3:55 – 4:25 pm Wolbachia for dengue/Zika control 
Cameron Simmons  
(Eliminate Dengue) 

4:25 – 4:50 pm Integrated vector control/vaccine strategies 
Duane Gubler 
(GDAC Chair) 

4:50 – 5:10 pm Q&A and discussion Facilitator: Lulu Bravo  

6:00 pm 
DINNER hosted by GDAC 

Location: Jae-Ngor Restaurant (68/2 Soi Sukhumvit 20, Sukhumvit Road, Bangkok) 

   



  
 

 

  

[Day 2]  Friday June 23, 2017 

Session V: Health Economics  

8:30 – 9:15 am Economic burden of dengue and Zika 
Mark Jit (LSTMH)  
Borame Dickens  
(National Univ. of Singapore) 

9:15 – 9:40 am Financing strategies for vaccine introduction 
Dagna Constenla  
(IVAC at JHSPH) 

9:40 – 9:55 am Q&A and discussion  
Facilitator:  

Pratap Singhasivanon 

Session VI: Vaccines I 

9:55 – 10:40 am 

Issues in conducting dengue vaccine efficacy trials with Zika 

co-circulation (15 mins per presentation) 

1. Sanofi Pasteur 
2. Butantan 
3. Takeda 

Presenters: 
 
1. Alain Bouckenooghe 
2. Anna Durbin 
3. Jeremy Brett 

10:40 – 10:55 am Q&A and discussion 
Facilitator:  
Usa Thisayakorn 

10:55 – 11:10 am COFFEE BREAK 

Session VII: Vaccines II 

11:10 – 11:30 am Landscape of dengue/Zika vaccines 
Annelies Wilder-Smith 
(Lee Kong Chian School of 
Medicine) 

11:30 – 11:50 pm Controlled human infection models for dengue and Zika  
Anna Durbin  
(IVAC at JHSPH) 

11:50 – 12:10 pm Pre-existing flavivirus immunity and enhancement  
In-Kyu Yoon  
(GDAC Director) 

12:10 – 12:30 pm Q&A and discussion 
Facilitator:    
Rose Capeding 



  
 

 

 

 
 
  

Session VIII:  Working Groups 

12:30 – 1:20 pm    WORKING LUNCH  

*Sandwich bar will be set up in front of  BENJASIRI III 

12:30 – 3:10 pm 

WORKING GROUP sessions. 

3 working groups should highlight the key issues and 

considerations in their general topic area with respect to 

dengue and Zika co-circulation, and provide 

recommendations for needed research or public health 

measures.  

1. Epidemiology and surveillance 
2. Diagnostics 
3. Prevention and Control interventions 

Facilitators for each working 

group TBD 

3:10 – 4:10 pm 
Presentation by each working group (10 min per 

presentation + 10 min Q&A)  
Rapporteur for each group 

4:10 – 5:10 pm COFFEE BREAK 

Closing Session  

4:10 – 5:10 pm Closed meeting among DPB members to prepare conclusions   

5:10 – 5:30 pm Report by the Dengue Prevention Board Rapporteur for DPB 

5:30 – 5:40 pm  END - Closing remarks and adjourn 
In-Kyu Yoon 

(GDAC Director) 
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