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Abstract

Dengue is still a substantial vector-borne viral disease threat and burden of public health importance worldwide.
This situation is complicated by dengue virus unprecedented resurgence and persistence of varied serotypes in
endemic-prone areas, and man-made and natural activities consequences that promote vector emergence, transmission
dynamics and spread across the Asia-Pacific region. There is an urgent need to strengthen operational and contextual
surveillance-response research in improving early detection of active reservoir detection, novel drug in case management
and quality evidence-based response including the deployment of dengue mass vaccination. Moreover, sustained
mapping and watching of dengue risk factors or determinants, performance and outcome indicators of control or
elimination programs effectiveness in defining minimum effective data towards community knowledge-based
decision-making policy and effective response packages is imperative. Moreover, implementation of a robust, integrated
dengue early warning surveillance, monitoring and response systems metrics is required for evidence-based, timely and
cost-effective contextual mitigation strategies, and innovative interventions.
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Background
The changing dengue socio-ecological and epidemiology
resurgence in Asia-Pacific countries represents a vector-
borne viral disease of increasing public health import-
ance. The increasing dengue threat and epidemics
resurgence to local populations and international com-
munity with intense urbanization and the growing global

travel and trade is worrisome [1]. Since 1955, more than
100 countries with a total of 284–528 million dengue
cases, of which 67–528 million cases showing symptoms
and 82 000 deaths according to the World Health
Organization (WHO). Hemorrhagic dengue fever (DHF)
and dengue fever (DF) can be fatal, accompanied with
fluid accumulation, plasma leaking, respiratory distress,
severe bleeding and organ impairment. About 500,000
are estimated to contract dengue long-term complica-
tions that require hospitalization, leading to about 22
000 deaths each year, according to the WHO report.
The availability of data on DengueNet has declined
dramatically after 2005 through the national dengue
control programs [2]. South-East Asia and Western
Pacific regions are the most affected areas with more
than 1.2 million cases in 2010, with an increasing trend in
70–75 % in risky populations in Indonesia, Thailand,
Cambodia, VietNam, Laos PRD, Myanmar, the Philippines,

* Correspondence: tambo0711@gmail.com; ipdzhouxn@sh163.net
1Department of Biochemistry and Pharmaceutical Sciences, Higher Institute
of Public Health Sciences, Université des Montagnes, Bangangté, Cameroon
3National Institute of Parasitic Diseases, Chinese Center for Disease Control
and Prevention, Shanghai 200025, People’s Republic of China
Full list of author information is available at the end of the article

© 2016 The Author(s). Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Tambo et al. Infectious Diseases of Poverty  (2016) 5:56 
DOI 10.1186/s40249-016-0148-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s40249-016-0148-3&domain=pdf
mailto:tambo0711@gmail.com
mailto:ipdzhouxn@sh163.net
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Singapore, Malaysia, Cook Islands, Fiji, Vanuatu and out-
breaks in India, Sri Lanka and the Maldives in recent years.
In China, type 4 DHF epidemic have occurred in Shiwan
town, Foshan city, Guangdong province, southern China in
1978 with 583 hospitalized patients. Later occurrence of
type 1 was in Shiqi town, Zhongshan County, Guangdong
province in 1979 and the largest type 3 documented on
Hainan Island in 1980 with 510 hospitalized patients and
four deaths [2].
Aedes reemergence has also be documented in Hainan

island in 1985 and 1986 occurred across aged groups
with major symptoms ranging from acute intravascular
haemolysis and multiple peripheral paralysis, diffuse
intravascular coagulation, loss of hair and altered mental
status which might likely compound the burden of
emerging and persisting vector-borne diseases [1–3].
Achieving the global dengue strategy, which calls for at

least 50 % reducing the disease mortality burden and a
minimum of a 25 % reduction in incidence by 2020,
requires more governmental, private sector and other
stakeholders commitment, investment and reliance on
innovative approaches and interventions at all levels.
Nonetheless, various dengue national control programs in
Southeastern Asia, Western Pacific, Africa, South-Eastern
America and the Caribbean regions haven’t sufficiently
fostered financial investment needed in understanding
comprehensively knowledge gaps and in providing long-
lasting protection/solutions to vulnerable populations
needs. In such effective and safe dengue drugs and vac-
cines development and mass deployment are urgently
needed to support Asia-Pacific Strategy for Emerging
Diseases goals declarations of 2005 and 2010 and novel
cross-border platform for dengue data and information
sharing, and joint collaborative research projects on
vector-borne diseases of public health importance [1, 2].
In response to the recent rising global dengue burden,

China dengue biological control approach led to the in-
bred mosquitoes engineering of more than half a million
male mosquitoes at science park laboratory, Chinese
Center for Disease Control and Prevention and the
Guangzhou Center for Disease Control and Prevention
in Guangdong province are being released at Shazai, a 3-
sq-km island in a Guangzhou suburb since March 12, 2015.
These inbred mosquitoes survive for about two weeks, and
their reproduction capacity reaches its peak within the first
few days of release. They also have potential to make their
female mating partners infertile on an island in Southern
China every week on the fight against dengue fever and
novel approach in other vector borne diseases management
[4, 5]. Last year, China reported about 46,000 dengue fever
cases and five deaths compared with around 1,000 in the
previous years, mostly in Guangdong province. Also eggs
produced by mosquitoes that mated with Wolbachia-
infected male counterparts are infertile [4–6]. This

biological application in mass population dengue preven-
tion in most endemic areas has been proven effective in Ae-
des mosquito population reduction, but requires further
clinical trials and long - term pharmacovigilance.
The new threat and Zika viral epidemic that continue to

rag the Caribbean regions and part of the Americas (South
and Central), has prompted WHO to declare global health
emergency. Strengthening global coalitions against dengue,
Zika and related arboviral diseases (Chikungunya, dengue,
Rift Valley) underscore the potential impacts of ZIKV on
maternal-child health and long-term Zika consequences on
survivors with documented new born babies with micro-
cephaly, Guillain-Baurre syndrome and other neurological
complications to stillbirth [7].
The erratic and inconsistency of Zika and dengue vectors

(Aedes aegypti, A. albopictus) surveillance and lack of key
performance indicators measurements of vector control
programs in most endemic countries require urgent atten-
tion, development and implementation based on robust
contextual evidence translation, technical and non-technical
support systems. Sustained monitoring and evaluation
systems are needed for effective and continuous Aedes map-
ping and threat communication on differential local/national
and regional integrated vector management programs. The
absence of coordinated national and regional Zika and other
vector-borne diseases and lack immunization programs
severely hampered that coordinated programmatic and
evidence-based prevention and control approaches and in-
terventions over space and time [6, 7]. Notwithstanding, the
existing national dengue surveillance sentinel sites, the per-
sistent resurgence of dengue incidence and prevalence is
been documented in townships in Pearl River Delta and
Yunnan in 2009, 2013 and 2014, respectively [6–8]. Hence,
the call to invest in strengthening more robust surveillance
and monitoring systems (including resistance) is essential in
providing critical evidence-based knowledge and informa-
tion in informed-policies towards well-timed effective local
mainland and regional programmes. It is essential to tackle
firmly Aedes vector expansion into new areas and new
threat in non-immune populations, Zika and dengue epi-
demics changing dynamics health and economic conse-
quences worldwide [7, 9]. Other critical factors that require
paramount mitigation actions and measures include climate
changes, globalization of travel and trade and intense
urbanization and increasing population density impacts
those offer more favorable advantages to new Aedes mos-
quito ecological development suitability and spread [6, 7].
Increasingly evidence-based public health priorities and

actions have been recommended and implemented based
on a wide range of disease surveillance systems and mini-
mum effective data generation. Strengthening public
health pests laboratory is essential in establishing and sus-
taining integrated pest and disease surveillance-response
information and knowledge generation in advocacy and
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coherent and effective response programs in threats, and
epidemics in vulnerable countries [9, 10]. However, it is
necessary to develop and integrate a comprehensive
innovative national and regional quality and coherent sur-
veillance data and key performance indicators, which is
necessary in guiding sustainable health planning, effective
control and prevention of disease threat and distribution.
Although, health programming and economic develop-
ment have been challenged by a number of factors, the in-
creasing use of surveillance and monitoring systems as
critical cornerstone in improving preventive and control
measures and timely emergency response in epidemics
has been advocated to support evidence-based threat
mitigation and averting potential dengue epidemics
[10, 11]. Such effective local and cross borders migra-
tion/travel information data should be gathered and ana-
lyzed in understanding the fundamental epidemiological,
ecological, climatic and socio-behavioural factors that
can enhance dengue resurgence and epidemics forecast-
ing and timely collaborative actions [9, 11–13].
First, leadership commitment and financial investment

efforts of China and other Asia-Pacific governments and
stakeholders from various levels and long-term collab-
orative mechanism along with community and private
sectors should be established in Aedes mosquito and
dengue sustained control and elimination priorities.
Operational research is needed in generating reliable,
cost-effective and practical evidence for innovative deci-
sion policy and approaches to outwit dengue and other
emerging infectious diseases reservoirs, understanding
dengue vector competence determinants and disease
etiology, improving more sensitivity and field adaptable
rapid diagnostic techniques. Accelerating dengue drugs
and vaccines discovery in transmission blocking is cru-
cial in filling knowledge gaps, implementation of
comprehensive and practical control policies and solu-
tions [2, 8, 10]. Especially, increasing advocacy and
social mobilization on the importance of integrated
laboratory surveillance and monitoring system in scaling
up data and information access and sharing is paramount
in increasing faith-based and community-led capacity
development, targeted awareness, health education and
vigilance. This requires commitment and funding from
local private sector, international funding agencies and
regional organizations, pharmaceutical companies, aca-
demia, non-governmental and the governments in curbing
the increasing global Aedes spread [14].
Second, the importance of knowledge-driven innova-

tions in integrated vector management (IVM) methods
and tools cannot be overemphasized in dengue and re-
lated vectors transmission interruption. Thus, establishing
of key performance indicators (KPIs) is vital in measuring
existing and current surveillance and vector programs ef-
fectiveness, cost effectiveness and achievements. In such

assessing reductions in vector population density and vec-
tor longevity or vectorial capacity including entomological
inoculation rate (EIR), Aedes house and population density
indices, human biting rate, container breeding index, the
Breteau index and community KAP index, Aedes suscepti-
bility/resistance index, adult mosquito density and compe-
tence are needed. Moreover, understanding dengue vector
distribution, behaviour changes in risky populations,
cultural ecology and environment context should be con-
ducted towards coherent implementation of appropriate
evidence-based, integrated and sustained health, agriculture
and forestry to public health veterinary management pro-
grams and action plans. Coordinated and directed commu-
nity participation in self-protection consciousness and
resilience in prevention among risky populations and global
community is necessary to compress the endemicity and
potential future emergency outbreaks. Applications of
laboratory proven safe and effective pesticides including
biological outdoor larvicidal fumigation strategies of water
storage containers and public dustings, adequate waste
disposal and management, mobilization in environment
management and modification underscore the potential
health and socio-economic impacts [1, 3, 6, 8].
Third, collective and participative cross sectorial en-

gagement in building active preparedness and response
capacity in emergency threats and epidemics require
careful and programmatic strategic based on vulnerable
population-based programs implementation. Hence, “One
Health” approach integration into national IVM is crucial
in providing insights into health-animal-environment
interface. This can provide early and timely added values
for consolidated and harmonized mitigation and adapta-
tion tactics and advocacy in local settings epidemics resur-
gence. In such leveraging on integrated land resources
and water conservancy, agriculture and forestry projects is
needed to ensure the implementation of control and elim-
ination approaches in practice. Improvements in islands
rural water supply programs, efficient drainage and irriga-
tion modification systems and lakes or rivers engineering
in endemic-prone settings should be strengthened coupled
with surveillance, health education and research activities.
Fourth, increasing dengue mass literacy and awareness

campaigns, intensifying community involvement and
empowerment in preventive and control activities, ef-
fective risk information communication in improving
community perceptive knowledge, dengue resilient atti-
tude and behaviour changes [3, 10, 11]. The quality of
emergency care support systems and preventable deaths
through integrated programs, adherence to safety stan-
dards measures and best practices against emergence
and spread Aedes aegypti and A. albopictus vector resist-
ance to insecticides in communities require further re-
search in most communities endemic areas [13–15].
Taking the advantages of technological advancements
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such as social media, dengue mass campaign to improve
knowledge of disease root-causes, preparedness, preven-
tion and control should be widely spread in promoting
dengue resilience culture, capacity and cultural behav-
iour changes in understanding the ground implementa-
tion and operations.
Fifth, improving timely and efficient early alert, social

mobilization in increasing community engagement and
resilience, health education, awareness campaigns and
technical support assistance are needed in robust
decision-making in emerging dengue threat and emer-
gency outbreaks response actions [1, 6, 11]. Naturally,
strengthening local national and regional “One Health”
approach joint policies and activities implementation in
enhancing participatory and sustained integrated dengue
control into elimination in achieving the global sustain-
able development goals (SDGs) in attaining national and
global health security is crucial.
Sixth, while awaiting safe and effective dengue vac-

cines for vulnerable population immunization and travel
medicine integration of sensitive and effective laborator-
ies and epidemiological surveillance-response is vital in
reinforcing surveillance and control capacity. There is a
need to continuously test and monitor Ae. aegypti and
Ae. albopictus sensitive to pesticides, novel rapid early
detection tools development and validation for asymp-
tomatic reservoir and active case finding screening
and confirmation that will enhance detection, and
timely management [5, 7, 11].
Ultimately, the added value of integration of digital

IVM-KPIs reporting and laboratory information man-
agement system is only crucial in sustained vector(s)
prevention and control, but also in ensuring early
warning alert timeliness and knowledge-driven pro-
grams and interventions effectiveness and coverage.
Strengthening health systems in remote rural and
urban communities should be established to including
adequate housing and precautions guidelines [4, 5, 7].
Gathering of quality dengue and other vector data
and database for real-time surveillance and contextual
information response and management is essential in
forecasting potential dengue resurgence and epi-
demics. While optimistic and convinced that dengue
and related emerging epidemics such as Zika, influ-
enza, malaria are preventable, proactive and
collaborative intersectorial and multidisciplinary co-
operation amongst all stakeholders including policy-
makers, health, agriculture, veterinary, climatic and
meteorological, ecology and environmental sectors,
Non-governmental organizations and communities
commitment and funding in novel approaches devel-
opment and implementation mainly safe and effective
vaccines for mass population immunization is impera-
tive [3, 4, 7, 11, 12, 16, 17].

Conclusions
There is an urgent call for more integrated operational
research on dengue vector-virus-disease behavior and
human-animal-environment interactions, and addressing
knowledge gaps and challenges in translation into
innovative dengue and other arboviral diseases initia-
tives. Investing in operational dengue diagnostics and
laboratory-based surveillance is vital in understanding
and mapping contextual determinants responsible for
triggering DF and DHF public health threats and
epidemics resurgence. Hence, rapid development of
more sensitive early dengue detection, diagnostics and
surveillance threats and epidemics signals and metrics,
safe and cost-effective therapies and dengue vaccines are
paramount for vulnerable mass population immunization
benefits and well-being in risky-prone settings and travel
medicine. As well fostering sustained dengue community-
based (school and faith-based approach) cost-effective
programs ownership and resilience, health education and
awareness campaigns opportunities for health promotion,
social responsibility and risk reduction are vital in
strengthening health systems capacity in dengue and other
emerging or reemerging VBDs (e.g., Zika) sustained
control and elimination is advocated.

Additional file

Additional file 1: Multilingual abstracts in the six official working
languages of the United Nations. (PDF 295 kb)

Acknowledgment
No funding support was received on the project.

Authors’ contributions
ET conceived and wrote the primary draft of the manuscript. ET, JHC, ZXN
and EIMK provided addition information and professional insights. All
authors read and approved the final version of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Biochemistry and Pharmaceutical Sciences, Higher Institute
of Public Health Sciences, Université des Montagnes, Bangangté, Cameroon.
2Africa Disease Intelligence and Surveillance, Communication and Response
(Africa DISCoR) Foundation, Yaoundé, Cameroon. 3National Institute of
Parasitic Diseases, Chinese Center for Disease Control and Prevention,
Shanghai 200025, People’s Republic of China. 4Key Laboratory of Parasite and
Vector Biology of the Chinese Ministry of Health, Shanghai 200025, People’s
Republic of China. 5WHO Collaborating Centre for Tropical Diseases,
Shanghai 200025, People’s Republic of China. 6Public Health Pests
Laboratory, Jeddah, Jeddah Governate, Saudi Arabia.

Received: 28 October 2015 Accepted: 18 May 2016

References
1. Chen B, Liu Q. Dengue fever in China. Lancet. 2015;385(9978):1621–2.

doi:10.1016/S0140-6736(15)60793-0.
2. Lai S, Huang Z, Zhou H, Anders KL, Perkins TA, Yin W, Li Y, Mu D, Chen Q,

Zhang Z, Qiu Y, Wang L, Zhang H, Zeng L, Ren X, Geng M, Li Z, Tatem AJ,
Hay SI, Yu H. The changing epidemiology of dengue in China, 1990–2014: a

Tambo et al. Infectious Diseases of Poverty  (2016) 5:56 Page 4 of 5

dx.doi.org/10.1186/s40249-016-0148-3
http://dx.doi.org/10.1016/S0140-6736(15)60793-0


descriptive analysis of 25 years of nationwide surveillance data. BMC Med.
2015;13:100.
doi:10.1186/s12916-015-0336-1.

3. Ooi EE. The re-emergence of dengue in China. BMC Med. 2015;13:99.
doi:10.1186/s12916-015-0345-0.

4. Chen QQ, Meng YJ, Li Y, Qi XP. Frequency, duration and intensity of dengue
fever epidemic risk in townships in Pearl River Delta and Yunnan in China,
2013. Biomed Environ Sci. 2015;28(5):388–95. doi:10.3967/bes2015.055.

5. Pok KY, Squires RC, Tan LK, Takasaki T, Abubakar S, Hasebe F, Partridge J,
Lee CK, Lo J, Aaskov J, Ng LC, Konings F. First round of external quality
assessment of dengue diagnostics in the WHO Western Pacific Region,
2013. Western Pac Surveill Response J.
2015;6(2):73–81. doi:10.5365/WPSAR.2015.6.1.017.

6. Sang S, Gu S, Bi P, Yang W, Yang Z, Xu L, Yang J, Liu X, Jiang T, Wu H,
Chu C, Liu Q. Predicting unprecedented dengue outbreak using imported
cases and climatic factors in Guangzhou, 2014. PLoS Negl Trop Dis.
2015;9(5):e0003808.

7. Tambo E, Chuisseu PD, Ngogang JY, Khater EI. Deciphering emerging Zika
and dengue viral epidemics: Implications for global maternal-child health
burden. J Infect Public Health, 2016. doi:10.1016/j.jiph.2016.02.005.

8. Shen JC, Luo L, Li L, Jing QL, Ou CQ, Yang ZC, Chen XG. The impacts of
mosquito density and meteorological factors on dengue fever epidemics in
Guangzhou, China, 2006–2014: a time-series analysis. Biomed Environ Sci.
2015;28(5):321–9. doi:10.3967/bes2015.046.

9. Guo X, Yang H, Wu C, Jiang J, Fan J, Li H, Zhu J, Yang Z, Li Y, Zhou H,
Zhang J. Molecular characterization and viral origin of the first dengue
outbreak in Xishuangbanna, Yunnan Province, China, 2013. Am J Trop Med
Hyg. 2015;93(2):390–3. doi:10.4269/ajtmh.14-0044.

10. Badurdeen S, Valladares DB, Farrar J, Gozzer E, Kroeger A, Kuswara N,
Ranzinger SR, Tinh HT, Leite P, Mahendradhata Y, Skewes R, Verrall A;
European Union, World Health Organization (WHO-TDR) supported IDAMS
study group. Sharing experiences: towards evidence based model of
dengue surveillance and outbreak response in Latin America and Asia.
BMC Public Health.
2013;13:607. doi:10.1186/1471-2458-13-607.

11. Ruberto I, Marques E, Burke DS, Van Panhuis WG. The availability and
consistency of dengue surveillance data provided online by the World
Health Organization. PLoS Negl Trop Dis. 2015;9(4):e0003511. doi:10.1371/
journal.pntd.0003511.

12. Tambo E, Ugwu EC, Ngogang JY. Need of surveillance response systems to
combat Ebola outbreaks and other emerging infectious diseases in African
countries. Inf Dis Poverty. 2014;3:29.

13. Baylis M. Research gaps in understanding how climate change will affect
arboviral diseases. Anim Health Res Rev. 2013;14(2):143–6.

14. Tambo E, Ai L, Zhou X, Chen JH, Hu W, Bergquist R, Guo JG, Utzinger J,
Tanner M, Zhou XN. Surveillance-Response Systems: keys to elimination of
tropical diseases. Infect Dis Poverty. 2014;3:17.

15. Christofferson RC. Zika Virus Emergence and Expansion: Lessons Learned
from Dengue and Chikungunya May Not Provide All the Answers. Am J
Trop Med Hyg. 2016 Feb 22.

16. Li CX, Kaufman PE, Xue RD, Zhao MH, Wang G, Yan T, Guo XX, Zhang YM,
Dong YD, Xing D, Zhang HD, Zhao TY. Relationship between insecticide
resistance and kdr mutations in the dengue vector Aedes aegypti in
Southern China. Parasit Vectors. 2015;8:325. doi:10.1186/s13071-015-0933-z.

17. Musso D, Cao-Lormeau VM, Gubler DJ. Zika virus: following the path of
dengue and chikungunya? Lancet. 2015;386(9990):243–4.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Tambo et al. Infectious Diseases of Poverty  (2016) 5:56 Page 5 of 5

http://dx.doi.org/10.1186/s12916-015-0336-1
http://dx.doi.org/10.1186/s12916-015-0345-0
http://dx.doi.org/10.3967/bes2015.055
http://dx.doi.org/10.5365/WPSAR.2015.6.1.017
http://dx.doi.org/10.1016/j.jiph.2016.02.005
http://dx.doi.org/10.3967/bes2015.046
http://dx.doi.org/10.4269/ajtmh.14-0044
http://dx.doi.org/10.1186/1471-2458-13-607
http://dx.doi.org/10.1371/journal.pntd.0003511
http://dx.doi.org/10.1371/journal.pntd.0003511
http://dx.doi.org/10.1186/s13071-015-0933-z

	Abstract
	Multilingual abstracts
	Background
	Conclusions
	Additional file
	Acknowledgment
	Authors’ contributions
	Competing interests
	Author details
	References

