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Abstract
Background: Dengue virus, an Aedes mosquito-borne flavivirus, is associated with close to 400 million reported
infections per annum worldwide. Reduction of dengue virus transmission depends entirely on limiting Aedes
breeding or preventing adult female contact with humans. Currently, the World Health Organization promotes the
strategic approach of integrated vector management in order to optimise resources for mosquito control.
Main text: Neglected tropical disease researchers focus on geographical zones where the incidence of clinical
cases, and prevalence of vectors, are high. In combatting those infectious diseases such as dengue that affect
mainly low-income populations in developing regions, a mosquito-centric approach is frequently adopted. This
prioritises environmental factors that facilitate or impede the lifecycle progression of the vector. Climatic variables
(such as rainfall and wind speed) that impact the vector’s lifecycle either causally or by happenstance also affect the
human host’s ‘lifecycle’, but in very different ways. The socioeconomic impacts of the same variables that influence
vector control impact host vulnerability but at different points in the human lifecycle to those of the vector. Here,
we argue that the vulnerability of the vector and that of the host interact in complex and unpredictable ways that
are characteristic of (complex and intransigent) ‘wicked problems’. Moreover, they are treated by public health
programs in ways that may ignore this complexity. This opinion draws on recent evidence showing that the best
climate predictors of the scale of dengue outbreaks in Bangladesh cannot be explained through a simple vector-tohost causal model.
Conclusions: In mapping causal pathways for vector-borne diseases this article makes a case to elevate the
lifecycle of the human host to a level closer in equivalence to that of the vector. Here, we suggest value may be
gained from transferring Rittel and Webber’s concept of a wicked (social) problem to dengue, malaria and other
mosquito-transmitted public health concerns. This would take a ‘problem definition’ rather than a ‘solution-finding’
approach, particularly when considering problems in which climate impacts simultaneously on human and vector
vulnerability.
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Background
For well over a decade the World Health Organization
(WHO) has advocated integrated vector management
(IVM) as a means of combatting transmission of malaria,
dengue and other mosquito-borne human pathogens of
global significance. IVM is defined as “a rational
decision-making process for the optimal use of resources
for vector control” [1]. This focus is predicated on the
assumption that what is good for the vector is bad for
the host. This rationale governs a public health response
that targets the lifecycle of the vector — for example,
the timing of hatching of larvae, drainage of reservoirs of
still water and residual spraying of insecticides inside domestic dwellings. This mosquito-centric approach has
proven effective yet tends to de-emphasise the lifecycle
of the host. The human ‘lifecycle’ is a vastly longer and
more complex timeframe than that of the insect to
which it plays host. During the human lifespan, vulnerability to vector-borne diseases (VBDs) fluctuates in response to more or less predictable changes in the local
environment, such as harvest failure. A vector-centric
approach may well mask causal relationships in the opposite direction: what is harmful to human health may
benefit the mosquito vector in promoting transmission
of disease.
Neglected tropical disease (NTD) researchers are predisposed to focus on geographical zones where the incidence of clinical cases is high. Logic suggests that these
are regions in which the population density of vectors is
concomitantly high. Importantly, it is no coincidence
that NTD hotspots tend to be in developing countries
characterised by socioeconomic constraints which are
often overlooked when mapping VBD patterns. Using
the human arboviral disease dengue as an exemplar, we
argue that conditions which allow vectors and hosts to
prosper are different in important ways that interact to
complicate prediction of the spread of VBDs.
Main text
The growing public health threat of dengue

With 390 million reported infections per annum, 96 million symptomatic cases per annum [2], at least 500 000
hospitalisations [3], and approximately 22 000 fatalities
[4], dengue ranks as a highly significant global VBD.
While clinical infection typically manifests as an uncomplicated, non-specific febrile illness (dengue fever), in a
minority of patients this progresses to the lifethreatening dengue haemorrhagic fever or dengue shock
syndrome. At present, there is no specific anti-dengue
therapy although a currently controversial vaccine has
very recently received approval from the United States
Food and Drug Administration for prophylactic use [5].
The current non-availability of an efficacious antiviral
drug or universally licensed vaccine and a lack of
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effective vector control strategies combine to make dengue a serious public health scourge [6].
The aetiological agent of infection is dengue virus
(DENV), of which there are four established serotypes.
While humans are the principal host some DENV serotypes also infect non-human primates such as macaques.
Evidence points to Aedes aegypti, the yellow fever mosquito, and Ae. albopictus, the Asian tiger mosquito, both
day-biting, as the major vectors for dengue transmission
around the world [7].
Dengue is endemic to more than 125 countries in
tropical and subtropical zones of the world [6]. Asia,
South America and the Pacific Islands are hyperepidemic regions — like Bangladesh, all with significant
and stubborn pockets, not just of the vector’s existence
but also that of human poverty and population vulnerability [8].
Disease outbreak predictors have lag times inexplicable
by vector-centric thinking

Ourselves and colleagues recently conducted a nearexhaustive data mining analysis of relationships between
climatic variables and dengue in Bangladesh [9]. The
best predictors of an outbreak of dengue are not surprisingly assumed to be environmental conditions that benefit Aedes vector species, which have a short lifecycle of
up to 3 weeks. Conditions that cause the vector to thrive
should in turn be associated with the threat of VBDs.
We focused on the two hotspots of dengue infection
within Bangladesh, Chittagong and Dhaka [9]. By holding constant the number of rainy days in the month
prior to an outbreak for each degree Celsius increase in
temperature, the risk of an outbreak (defined as at least
one confirmed case of dengue at a local clinic) increased
by 23%. However, the best predictor of the scale of an
outbreak (defined as the number of patients diagnosed
with the disease), was much more distal in time — the
percentage average humidity six months prior to the
outbreak. The relationship was statistically highly significant (P < 0.0001) but, in absolute terms, weak (explaining
‘just’ 15% of variance). It was, however, the strongest
predictor of the scale of an outbreak. Six months is beyond the timescale that can be explained by the lifecycle
of Aedes mosquitoes but can be much more readily
interpreted by reference to variables relevant to the vulnerability of the human host.
Nutrition and weather as distal predictors of disease
outbreak

Rice is a key dietary staple in many developing countries,
including Bangladesh. Here, sub-economies of the financially impoverished prosper whenever the rice harvest
flourishes and market prices drop. While the economy is
in constant transition the proportion of employed labour
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that is allocated to the agriculture, forestry and fishery
sector remains stubbornly close to 50% [10]. Thus, essentially half the population is reliant on an industry that
is directly dependent on vagaries of the weather, and for
these families even seasonal variation in birthweight can
be observed, indicating sensitivity to external conditions
[11]. The centrality of rice to the diet and to the nation’s
economy thus brings the lag time between crop failure
and undernutrition in vulnerable communities to the
fore.
Despite a plethora of options available from the
Bangladesh Rice Research Institute (BRRI), in practice
the cultivation of Asian rice (Oryza sativa) in
Bangladesh is concentrated on just two varieties, BRRI
Dhan 28 and BRRI Dhan 29. BRRI Dhan 28 is regarded
as a ‘short maturity duration’ crop with a days-toflowering range of 81–115 depending on seasonal variations [12]. For BRRI Dhan 29 the gestation period
between planting and harvest is typically around 30 days
longer [13]. In this context, therefore, the 6 months predictor between climatic events and the scale of dengue
outbreaks makes eminent good sense. Climatic changes
that directly compromise rice harvests, and therefore the
nutrition status of people for whom this cereal grain is a
staple food, also indirectly impair functioning of the immune system [14]. Hence, a reduced rice crop may compromise immune responses to dengue infection in
vulnerable populations — several months later. Thus,
unfavourable weather conditions in which to grow rice,
a subsequent poor harvest and resultant undernutrition
among locals may each be considered as a surrogate
marker of impaired immunity to dengue in an endemic
area. That susceptibility needs to be included in a systems analysis of VBD was raised in an early discussion
of climate change and emerging infectious diseases [15]
and our study reinforces that call.
Further research is required to determine if the mediating factor between relative humidity 6 months before a
dengue outbreak and its scale of incidence is valid or
spurious, but clearly a simple vector-focused explanation
is inadequate. Muurlink et al. [9] demonstrate that this
effect is not merely caused by climate predicting climate.
We acknowledge that data mining analyses inherently
generate a risk of the emergence of ‘false negative’ relationships, masked behind statistical significance. Notwithstanding, the study does provide a useful reminder
that climate change may follow multiple paths to impact
on human health and wellbeing.
Rethinking vector-borne diseases via a social innovation
approach

The concept of the ‘magic bullet’ in medicine may have
originated with Ehrlich’s pursuit of a cure for syphilis,
caused
by
the
sexually-transmitted
bacterium
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Treponema pallidum [16]. However, the view that a disease can be tackled with minimal regard for context persists over a century later and still remains a translational
research target [17]. Developed as a creative technique
for visual designers, ‘design thinking’ was only relatively
recently repurposed to the task of tackling ‘wicked problems’, issues that are highly (if not intractably) complex
[18]. Rittel and Webber’s classic treatise [19] defines
wicked problems in a number of ways, including those
that are complex in aetiology, frequently nested inside
another problem, subject to recursive causal loops and
historically resistant to a solution. From the perspective
of clinical diagnosis, prevention and treatment, most
major medical challenges can be regarded as wicked, so
could be subject to analysis through a form of design
thinking. Expressed simply, design thinking about
wicked problems attempts to deploy both systems and
individual perspectives, in order to explore the nature,
or the ‘design’, of a problem.
Indeed, Buchanan’s influential early work in the field
[18] suggests we should adopt a ‘problem definition’ approach to overcoming the problem. Understanding intimately how a problem has arisen, over a timespan of
possibly decades, and how the problem has evolved to
compensate for measures designed to overcome it, may
seem an act of extreme anthropomorphism. However,
such an approach helps to illuminate why a problem is
complex and resistant to ‘simple’ interventions that fail
to consider its fluid ‘ecosystem’ [20]. For the purposes of
this discussion an ecosystem is defined as a geographically confined cluster of interacting living and non-living
elements.
Such an ecologically framed perspective to understanding VBDs should foreground the complex ‘lifecycle’
of the human being, Homo sapiens as well as that of the
vector. A lifecycle approach captures different stages of
life: pregnancy, birth, infancy, the toddler years, childhood, puberty, older adolescence, adulthood, middle age,
and the senior years. Throughout these stages, principally by virtue of differences in immune system development and integrity [21] and degree of exposure [22],
individual variation in susceptibility to VBDs is apparent
[23], although this may be masked at a population level
[24]. While vulnerability remains a contested and ambiguous construct [25], it is also considered as a useful
analytical tool to help explain otherwise aberrant or
paradoxical findings [26]. In their commentary on global
health multipliers, Stuckler, McKee and Basu urge researchers to “look upstream” at social determinants of
disease [27]. This is not uncommon in relation to diseases that have a prima facie human social and cultural
context such as HIV/AIDS [28]. Yet, for a VBD that
arises because of a (clearly recognisable) ‘attack’ by a
vector, the temptation to examine the systems nature of
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the disease may be reduced. So, we tend to interpret climate impacts on VBD through their direct effect on the
ability of the vector to thrive. However, the vulnerability
of both vectors and humans to meteorological variables
interacts to produce a problem that is more complex
and arguably even wicked (Fig. 1).
Precipitation and air movement impact a mosquito’s
ability to prosper in its habitat. For humans, however,
such climate variables more commonly flow through socioeconomic pathways. For example, these can determine the type and standard of buildings people are able
to construct, the local availability of insect repellents and
a community’s access to affordable, high quality health
care or even to education on control and prevention.
Such multifactorial interactions between wealth and
health, or more importantly between socioeconomic factors and vulnerability, will not always play out in a predictable fashion. As Fig. 1 indicates, lower wealth may be
associated with greater vulnerability — for example reduced access to nutrition, education and protective measures, but also reduced ability to adjust (for instance)
work hours in order to avoid exposure — but greater
wealth can also lead to greater vulnerability. An illustration of this latter, less commonly acknowledged association in VBD studies is a recent investigation of malaria
trends in Uganda that revealed a causal relationship between electrification of households (an indicator of socioeconomic status) and incidence of clinical infection [29].
These authors suggested that by attracting Anopheles
mosquitoes the use of domestic electric lights and outdoor
night lighting may inadvertently increase the exposure of
humans to vectors of malaria transmission. Notably, this
might have the unwanted effect of artificially extending
the period during which the vector is most active and thus
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receptive to taking a human blood meal. A number of researchers, for example [30], have identified the possibility
that causation pathways between low socioeconomic status and VBDs travel in both directions.

Conclusions
Of itself, the finding that climatic fluctuations can impact on the reported incidence of dengue is clinically important. The intensity of research focus on climate
change has driven examination of a broad suite of health
impacts. Global warming is bringing about alterations in
meteorological patterns (including volume and timing of
rainfall). Seemingly small changes in complex systems,
such as those involved in weather, may thus have statistically significant implications for human health, while
making an equally profound impact on the health of vector mosquito species [31].
The WHO’s IVM approach to treating VBDs pivots on
controlling the vector. Its 78-page handbook [1] touches
on management of the vector but uses the term “vector
control” far more frequently — 215 times — than it refers to the need to understand the lifecycle of the vector
or of the host. This quintessential reference guide supports an ecosystem approach to understanding “identifying the diversity and habitats of vector species” (p. 25)
but only in the cause of vector control. Perhaps most
usefully, it refers to “vector control needs assessment” as
covering socio-political issues such as policy, human resource management and education, yet still positions the
vector in an oppositional relationship with humans.
In the language of the emerging discipline of social
innovation, the WHO’s IVM strategy may be conceptualising what is in fact a wicked problem as a relatively
simple one. More than 20 years ago Patz et al. [15] urged

Fig. 1 A simple schematic of different pathways between climate and disease, highlighting how both social and vector elements interact
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interdisciplinary collaboration among climatologists, social scientists and medical researchers in order to aim to
understand the role of climate variables in the emergence of human infectious diseases. It is arguably time
to reconsider how to combat dengue and other major
vector-borne NTDs from an ecosystem perspective. Research on vulnerability to dengue is expanding rapidly.
Currently, this focuses primarily on spatial distributions
of vector species relative to human hosts, for example
[32], but a new research agenda drawing on socioeconomic and nutritional variables is emerging.
Abbreviations
WHO: World Health Organization; IVM: Integrated vector management;
VBD: Vector-borne disease; NTD: Neglected tropical disease; DENV: Dengue
virus; BRRI: Bangladesh Rice Research Institute
Acknowledgments
Not applicable.
Authors’ contributions
OTM conceptualized the paper, which was developed further in discussion
with AWTR. Both authors collated articles for review, wrote and critically
reviewed various drafts, and approved the final version for submission.
Funding
Not applicable.
Availability of data and materials
Not applicable.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.

8.
9.

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.
26.

Competing interests
The authors declare that they have no competing interests.
Author details
1
Centre for Sustainable Innovation, School of Business & Law, Central
Queensland University, Brisbane, QLD, Australia. 2Infectious Diseases Research
Group, School of Health, Medical & Applied Sciences, Central Queensland
University, Brisbane, QLD, Australia.

27.

28.

Received: 28 November 2019 Accepted: 7 February 2020
29.
References
1. World Health Organization. Handbook for integrated vector management.
2012. https://apps.who.int/iris/bitstream/handle/10665/44768/9789241502
801_eng.pdf?sequence=1. Accessed 28 Nov 2019.
2. Messina JP, Brady OJ, Golding N, Kraemer MU, Wint GW, Ray SE, et al. The
current and future global distribution and population at risk of dengue. Nat
Microbiol. 2019;4:1508–15.
3. World Health Organization. Dengue and severe dengue. 2019. https://www.
who.int/en/news-room/fact-sheets/detail/dengue-and-severe-dengue.
Accessed 28 Nov 2019.
4. Centers for Disease Control and Prevention. About dengue: what you need to
know. 2019. https://www.cdc.gov/dengue/about/index.html. Accessed 28 Nov 2019.
5. Gubler DJ, Halstead SB. Is Dengvaxia a useful vaccine for dengue endemic
areas? Brit Med J. 2019;367:l5710.
6. Gyawali N, Bradbury RS, Taylor-Robinson AW. The epidemiology of dengue
infection: harnessing past experience and current knowledge to support
implementation of future control strategies. J Vector Borne Dis. 2016;53:293.
7. Guzman MG, Gubler DJ, Izquierdo A, Martinez E, Halstead SB. Dengue
infection. Nat Rev Dis Primers. 2016;2:16055.

30.

31.
32.

Page 5 of 5

Cousins S. Dengue rises in Bangladesh. Lancet Infect Dis. 2019;19:138.
Muurlink OT, Stephenson P, Islam MZ, Taylor-Robinson AW. Long-term
predictors of dengue outbreaks in Bangladesh: a data mining approach.
Infect Dis Model. 2018;3:322–30.
Rahman M. Role of agriculture in Bangladesh economy: uncovering the
problems and challenges. Int J Bus Manag Invent. 2017;6:36–46.
Hort K. Seasonal variation of birthweight in Bangladesh. Ann Trop Paediatr.
1987;7:66–71.
Chhogyell N, Pradhan N, Ghimiray M, Bajgai Y. Evaluation of short duration
rice (Oryza sativa) varieties as a strategy to cope with climate change. Proc
Bhutan Ecol Soc. 2016;1:91–103.
Kamruzzaman M, Shaw R. Flood and sustainable agriculture in the Haor
Basin of Bangladesh: a review paper. Univ J Agri Res. 2018;6:40–9.
Meydani SN, Beck MA. The relationship of host nutritional status to immune
function. Mol Asp Med. 2012;33:1.
Patz JA, Epstein PR, Burke TA, Balbus JM. Global climate change and
emerging infectious diseases. JAMA. 1996;275:217–23.
Winau F, Westphal O, Winau R. Paul Ehrlich – in search of the magic bullet.
Microbes Infect. 2004;6:786–9.
Strebhardt K, Ullrich A. Paul Ehrlich’s magic bullet concept: 100 years of
progress. Nat Rev Cancer. 2008;8:473.
Buchanan R. Wicked problems in design thinking. Des Issues. 1992;8:5–21.
Rittel HW, Webber MM. Dilemmas in a general theory of planning. Policy
Sci. 1973;4:155–69.
Muurlink O. Wicked problems and even more wicked solutions. Brisbane:
Independent; 2018.
Nikolich-Žugich J. The twilight of immunity: emerging concepts in aging of
the immune system. Nat Immunol. 2018;19:10–9.
Rodriguez-Barraquer I, Arinaitwe E, Jagannathan P, Kamya MR, Rosenthal PJ,
Rek J, et al. Quantification of anti-parasite and anti-disease immunity to
malaria as a function of age and exposure. Elife. 2018;7:e35832.
Wearing HJ, Rohani P. Ecological and immunological determinants of
dengue epidemics. Proc Natl Acad Sci U S A. 2006;103:11802–7.
Salje H, Cummings DAT, Rodriguez-Barraquer I, Katzelnick LC, Lessler J,
Klungthong C, et al. Reconstruction of antibody dynamics and infection
histories to evaluate dengue risk. Nature. 2018;557:719–23.
O'Brien KL, Eriksen S, Nygaard LP, Schjolden A. Why different interpretations of
vulnerability matter in climate change discourses. Clim Policy. 2007;7:73–88.
Schneider SH, Semenov S, Patwardhan A, Burton I, Magadza CHD,
Oppenheimer M, et al. Assessing key vulnerabilities and the risk from
climate change. In: Parry ML, Canziani OF, Palutikof JP, van der Linden PJ,
Hanson CE, editors. Climate Change 2007: Impacts, Adaptation and
Vulnerability. Contribution of Working Group II to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge:
Cambridge University Press; 2007. p. 779–810.
Stuckler D, McKee M, Basu S. Commentary: the global health multiplier:
targeting common social causes of infectious and non-communicable
diseases. Int J Epidemiol. 2013;42:232–4.
Baral S, Logie CH, Grosso A, Wirtz AL, Beyrer C. Modified social ecological
model: a tool to guide the assessment of the risks and risk contexts of HIV
epidemics. BMC Public Health. 2013;13:482.
Pellegrini L, Tasciotti L. The electrification–malaria nexus: the case of rural
Uganda. Eur J Dev Res. 2016;28:521–35.
de Castro MC, Fisher MG. Is malaria illness among young children a cause
or a consequence of low socioeconomic status? Evidence from the United
Republic of Tanzania. Malaria J. 2012;11:161.
Xu Y, Ramanathan V, Victor DG. Global warming will happen faster than we
think. Nature. 2018;564:30–2.
de Mattos Almeida MC, Caiaffa WT, Assunção RM, Proietti FA. Spatial
vulnerability to dengue in a Brazilian urban area during a 7-year
surveillance. J Urban Health. 2007;84:334–45.

