Chapter 4 )
Vector-Borne Diseases Check for
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Abstract Vector-borne diseases (VBDs) are illnesses caused by parasites, viruses
or bacteria that are transmitted by a vector such as mosquitoes, ticks, sandflies, tri-
atomine bugs, tsetse flies, fleas, black flies, aquatic snails and lice. In this chapter,
we aim to show how climate change impacts VBDs and what role biodiversity (and
its loss) plays for VBDs. (1) We show how climatic changes shape the distribution
and abundance of disease vectors. To point out current triple vulnerabilities regard-
ing climate change, biodiversity and VBDs, we selected ticks and mosquitoes as
examples. (2) We point out important knowledge gaps on VBDs and biodiversity,
which make prognoses for VBDs under climate change challenging. (3) We review
vector control tools as well as policy options and related infrastructural responses to
manage VBDs under climate and biodiversity changes.
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Highlights

e Climatic change shapes the regional distribution and abundance of disease
vectors.

e There are important knowledge gaps with relation to VBDs and biodiversity.

* A variety of new biological and genetic vector control tools are under
development.

e VBD control needs a trans-sectoral One Health approach, not just the health
sector.

e VBD control and elimination should be based on a wider understanding of plan-
etary health.

4.1 Triple Vulnerability: Climate Change, Biodiversity
and Vector-Borne Diseases

Both climate change and biodiversity loss are current challenges to humankind.
Climate and biodiversity change have health impacts that range widely from direct
effects such as progressive temperature increases from global warming, flooding or
heat waves due to increased climate variability and extreme weather events, to indi-
rect effects such as changes in ecosystem services, food productivity or species
distributions (Montag et al. 2017). Indirect effects also include the redistribution of
vector species or extended seasonal transmission periods and spatial extension, as
well as the disappearance of vector-borne diseases (VBDs).

VBDs are illnesses caused by parasites, viruses or bacteria that are transmitted
by a vector, such as mosquitoes, ticks, sandflies, triatomine bugs, tsetse flies, fleas,
black flies, aquatic snails and lice (Table 4.1, WHO 2017a). The current spatial dis-
tributions of ten important vector-borne diseases are shown in Fig. 4.1.

Currently, on average, 77,000 people living in Europe fall sick from VBDs every
year, but numbers are predicted to increase as vector species emerge (e.g. the Asian
tiger mosquito, Aedes albopictus) or re-emerge (e.g. the yellow fever mosquito,
Aedes aegypti) (http://www.euro.who.int/en/media-centre/sections/press-releases/
2014/77-000-europeans-fall-sick-every-year-with-vector-borne-diseases).
Globally, every year there are more than 700,000 deaths from zoonotic vector-borne
diseases such as malaria, dengue, schistosomiasis, human African trypanosomiasis,
leishmaniasis, Chagas disease, yellow fever, Japanese encephalitis and
onchocerciasis (WHO 2017a). These zoonotic diseases account for around 17% of
the estimated global burden of communicable diseases and disproportionately affect
poorer populations that live in environmentally degraded environments and housing
conditions that are favourable to VBDs (WHO 2017a). They impede economic
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Fig. 4.1 Overview of countries/territories where ten important vector-borne diseases/related
pathogens have been reported: malaria disease!, dengue disease?, yellow fever®, chikungunya
virus*, visceral leishmaniasis’, West Nile virus®, tick-borne encephalitis’, Lyme neuroborreliosis®,
African trypanosomiasis, and Chagas disease!®. (Data sources: 'Centers for Disease Control and
Prevention (CDC), 2017; *World Health Organization (WHO), 2013, **CDC, 2018, "WHO, 2010,
°CDC, 2012, "Holbrook (2017) Viruses 9(5):97, based on CDC and WHO data, *Pachner & Steiner
(2007) Lancet Neurology 6(6):544-52, "WHO, 2016, '"WHO, 2004)



4 Vector-Borne Diseases 71

Global Changes Public Health
3 %,
// "eos M o‘r(‘
L -

' ect: thog! w& & ._f\ ,:E'\
P P

\\.. *»© g
\\ Biodiversity /

Fig. 4.2 Scheme of vector-host-pathogen interactions indicating the complex interplay of public
health, biodiversity and global changes

development through direct medical costs and indirect costs such as loss of produc-
tivity and tourism (Narrod et al. 2012).

Epidemiological dynamics of VBDs are complex interactions of the vector, the
pathogen and the host (Fig. 4.2). VBDs are clearly highly intertwined with climatic
change and the degree of biodiversity (Engering et al. 2013). In addition to tempera-
ture alterations and rainfall changes, among other factors, heterogeneity of landscapes
(Chaves et al. 2011), urbanisation (Wood et al. 2017) and local forest degradation
(Brownstein et al. 2005) are extrinsic factors determining VBD risk or burden.

In this chapter, we show how climate change impacts VBDs and what role biodi-
versity (and its loss) plays for VBDs. (1) We show how climatic changes shape the
distribution and abundance of disease vectors. To point out current triple vulnerabil-
ities regarding climate change, biodiversity and VBDs, we selected ticks and mos-
quitoes as examples. (2) We point out important knowledge gaps on VBDs and
biodiversity, which make prognoses for climate change challenging. (3) We review
policy options to manage VBDs under climate and biodiversity changes and related
infrastructural responses.

4.2 Disease-Transmitting Mosquitoes and Ticks

Due to global change, vector species may expand their distributions (Ogden et al.
2006; Gould and Higgs 2009) and shift their seasonal and spatial occurrences
(Lafferty 2009), the latter particularly to higher latitudes and altitudes (Siraj et al.
2014; Dhimal et al. 2014a, b, 2015). This leads to increased species richness, e.g. a
higher biodiversity of the vector species and pathogens at time of arrival in newly
invaded regions. However, invasive species show a tendency to successfully estab-
lish in a new environment and outcompete native species sharing the same ecologi-
cal niche. Thus, biodiversity can even decrease rather than increase under certain
ecological conditions.
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4.2.1 Influence of Temperature on Vector Mosquitoes
and Associated Pathogens

In holometabolous vector mosquitoes, larval rearing temperature influences devel-
opment times (Delatte et al. 2009; Reiskind and Janairo 2015; Couret et al. 2014;
Miiller et al. 2018), larval survival (Chang et al. 2007; Delatte et al. 2009; Couret
et al. 2014; Miiller et al. 2018), adult longevity (Aytekin et al. 2009; Delatte et al.
2009), length of female gonotrophic cycle (Delatte et al. 2009), and adult body size
(Briegel and Timmermann 2001; Mohammed and Chadee 2011; Muturi et al. 2011).
In arboviruses, temperature effects plaque growth (Jia et al. 2007) and replication
speed (Kilpatrick et al. 2008). In addition, mosquito-arbovirus interactions such as
virus susceptibility (Turell 1993; Kilpatrick et al. 2008; Westbrook et al. 2010),
prevalence of dissemination (Turell 1993, Kilpatrick et al. 2008, Westbrook et al.
2010), transmission rate (Kilpatrick et al. 2008) and extrinsic incubation period
(Chan and Johansson 2012) are influenced by temperature (reviewed in Samuel
et al. 2016).

Altogether, temperature plays a key role in determining the viral transmission
areas (Bayoh and Lindsay 2003; Lambrechts et al. 2010; Kilpatrick et al. 2008).
Studies have shown that the ambient rearing temperature at immature stages influ-
ences the virus susceptibility and dissemination rate at adult stages for chikungunya
virus in Aedes albopictus (Westbrook et al. 2010), Rift Valley fever virus and
Venezuelan equine encephalitis virus in Ae. taeniorhynchus (Turell 1993) and
Sindbis virus in Ae. aegypti (Muturi et al. 2011). Adult females of Ae. albopictus
produced from larvae reared at 18 °C were more likely infected and disseminated
with chikungunya virus than females from larvae reared at 32 °C (Westbrook et al.
2010) and Ae. taeniorhynchus females reared at 19 °C as larvae had a higher suscep-
tibility and dissemination-prevalence for Rift Valley fever virus and Venezuelan
equine encephalitis virus than larval cohorts reared at 26 °C (Turell 1993). Ae.
aegypti females showed significantly higher infection and insemination rates with
Sindbis virus when reared at their optimal larval temperature (25 °C) than when
reared under temperature stress at 32 °C (Muturi et al. 2011). Therefore, knowledge
on temperature effects triggering vector mosquitoes’ mortality and development is
important to explain disease outbreaks (Bangs et al. 2006).

4.2.2 Distributional Changes of Mosquito Vector Species

Climate change will not uniformly increase the burden of VBDs, but changes will
differ between regions. In Ecuador, a modelling study examining the distributional
changes of 14 vector species under climate change demonstrated that some arthro-
pod vector species will become extinct in certain regions, while other regions, and
in particular the Andean highlands, will experience a novel VBD burden (Escobar
et al. 2016) (see Box 4.1). In accordance, the expansion of other VBDs such as
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Box 4.1 VBD Risk Modelling for Climate Change Conditions and
Suitable Policy Interventions in Ecuador

In their article, Escobar et al. (2016) analyse the current and potential future
impact of climate change on vector diversity and geographical distribution in
Ecuador through ecological niche modelling. The authors applied broader
scale climate modelling concerning the current distribution of vectors, using
remote sensing data. They defined suitable vector environments as potential
high-risk areas, which were used to do future risk VBD modelling under cli-
mate change. Overall, they analysed current, medium-term and long-term
predictions for vector distribution that can transmit dengue, malaria, Chagas
and leishmaniasis. The model for the dengue transmitting vectors Aedes
aegypti and Ae. albopictus, the latter not being officially reported in Ecuador
but in neighboring countries, indicates a currently reduced, but future
increased, risk for dengue transmission in highland regions, and long-term
high risk in the coastal and Northeastern Amazonian areas. Importantly, cli-
mate change models predicted a change in vector-suitability environments,
proposing an increased risk in western Andean valleys, which will pose addi-
tional public health and intervention challenges.

Escobar et al. (2016) present overall a higher risk for vector-borne diseases
under future climate regimes, particularly in part of the Ecuadorian coast, val-
leys of the Northeastern Amazonian and western Andean region. Mitchell-
Foster et al. (2015) have presented an integrated policy intervention that could
propose a lasting option to vector-borne disease prevention and control,
empowering communities and building future community health leaders. In
their randomised controlled study in Machala, on the southwestern coast of
Ecuador, they employed an integrated eco-bio-social approach among school
children, aged 8—12 years, to significantly reduce the pupa per person index.
Mitchell-Foster et al. (2015) used 20 clusters of 100 households, selected
based on a two-stage-sampling design. Ten clusters were used for the inte-
grated eco-bio-social approach and ten as control clusters. In addition, differ-
ent forms of geographical mapping and pupa per person index (PPI) were
used as an outcome measurement. The overall result showed a decreased PPI,
and in those households where there were not any changes noted through
monthly control visits, particular engagement activities were deployed
(Mitchell-Foster et al. 2015, p.128). The integrative eco-bio-social approach
among school children allowed for social empowerment, capacity building of
future leaders and vector control. Given the projections for future dengue risk
by Escobar et al. (2016), the findings of Mitchell-Foster’s et al. (2015) ran-
domised controlled study would present a suitable policy intervention, which
could easily be scaled up on a national level.

73
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Japanese encephalitis, dengue, chikungunya, lymphatic filariasis and visceral leish-
maniasis towards a cooler mountainous region has been reported from Nepal
(Dhimal et al. 2014a, 2015; Ostyn et al. 2015). Altitude is often used as a proxy for
temperature changes, so one may speculate that this trend might also be true for
more northern/temperate regions.

In Europe, four exotic Aedes types of mosquitoes are currently found (partly
reviewed in Medlock et al. 2012): the Asian tiger mosquito (Ae. albopictus; Adhami
and Reiter 1998), the yellow-fever mosquito (Ae. aegypti; Goncalves et al. 2008),
the Asian bush mosquito (Ae. japonicus japonicus; Schaffner et al. 2009) and Ae.
koreicus (Versteirt et al. 2012). Particularly, the Asian tiger mosquito Ae. albopictus
with widespread European distribution is a competent vector for several VBDs and
therefore poses human public health risks. It is suspected that the Asian tiger mos-
quito was the main vector for dengue viruses in France in 2015 (Succo et al. 2016)
and for chikungunya virus in Italy in 2007 and 2017 (Rezza 2018) (autochthonous
cases in Europe 2007-2012 reviewed in Tomasello and Schlagenhauf 2013). These
cases show how human transport activities and temperature change facilitate the
establishment of vector species and highlight the importance of actively preventing
such establishments (Eritja et al. 2017; Ducheyne et al. 2018, Reuss et al. 2018,
Dhimal et al. 2018).

Despite temperature, climate change will lead to hydrological changes. For Ae.
albopictus in Europe, it is projected that Mediterranean locations will become more
unsuitable habitats due to climatic variables and changed water regimes, while suit-
ability is increased in middle and northern Europe up to 55°N (Fischer et al. 2014).
Climate and photoperiod also alter the host-seeking and feeding activity in ticks as
well as the seasonal occurrence of vector stages (Altizer et al. 2013; Kurtenbach
et al. 20006).

4.2.3 Distributional Changes of Ticks in Europe

There are objective grounds that climate change influences the distribution and sea-
sonal activity of disease-transmitting ticks (Ogden et al. 2014). The tick Ixodes rici-
nus is medically highly relevant as a vector for spirochaete bacteria Borrelia
burgdorferi, with Lyme disease extending its distribution northwards in Europe, in
a warmer climate (Lindgren et al. 2000). The taiga tick (Ixodes persulcatus), trans-
mitting the ‘early summer’ meningo-enzephalitis virus, is currently spread from
Russia west-northwards to Scandinavia (Jaenson et al. 2016). Ticks of the genera
Dermacentor with a previously Mediterranean distribution, for instance the Coxiella
burnetti-transmitting sheep tick Dermacentor marginatus (Q fever,) are now estab-
lished in cold-temperate Germany (Foldvari et al. 2016). The Mediterranean tick
Hyalomma marginatum is the main vector for the emerging pathogen Crimean-
Congo Hemorrhagic Fever in Europe. International livestock trading guarantees the
tick’s mobility, as ticks live on domestic animals, while the degradation of agricul-
tural land favours the mass development of Hyalomma marginatum (Estrada-Pena
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et al. 2012). This tick species has established populations in southern and eastern
Europe but may extend its distribution to some areas of Italy, the Balkans and south-
ern Russia when climatic conditions are improved, especially in autumn (Estrada-
Pena et al. 2012).

4.3 Biodiversity and VBDs: The Large Unknowns

4.3.1 Pathogen Diversity

The diversity of potential human pathogens, the species diversity and phenotypic
plasticity of vectors and the biodiversity of their reservoir hosts is largely unex-
plored. On our planet, an immense but largely unknown diversity of viral species is
hosted by mammals and birds (estimate over 1.3 million, http://www.globalvi-
romeproject.org/overview/). Approximately 38% of these viral species could result
in VBDs in humans. The Global Virome Project will explore this biodiversity of
viruses over the next 10 years, which may result in many surprises for the VBD
research community.

4.3.2 Vector Diversity

The understanding of spatio-temporal phenotypic diversity and genetic architec-
tures of vector populations under current and climate change conditions is crucial
for vector control management. Local knowledge on phenotypic diversity to insec-
ticide resistance can foster success in chemical vector control. The worldwide
insecticide resistance network WIN is currently tracking insecticide resistance in
mosquito disease vectors on a global scale and consults with the WHO and member
states on how to improve insecticide resistance surveillance and implement alterna-
tive vector control tools (https://win-network.ird.fr/). Likewise, the understanding
of vector ecology and in particular the understanding of age-structure of field popu-
lations, the adaptive behaviour of vectors, and context-dependence of vector capaci-
ties fundamentally affect the success rate of biotechnological interventions. The
efficiency of biological and genetic vector control is in some cases defined by the
available number of targeted life stages. In others, the ratio of released Wolbachia
contaminated insects and genetically modified or radiation-sterilised males and the
virgin wildtype counterparts in a field population determines the suppression rate of
vector populations and hence the degree of disease control (Iturbe-Ormaetxe et al.
2011; Ross et al. 2017). Our lack of basic ecological knowledge even with a promi-
nent vector such as Anopheles gambiae for malaria disease could blunt our new
biotechnological weapons for vector control (Alphey and Alphey 2014; Ferguson
et al. 2010).
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4.3.3 Host Diversity

Mosquitoes and ticks feed on a wide range of hosts, and their pathogens circulate in
diverse animal species. Lyme disease is caused by Borrelia burgdorferi, which is
transmitted to humans through the bite of Ixodes ticks. For Borrelia burgdorferi
sensu lato, a broad range of reservoir hosts have been identified, for instance nine
small mammals, seven medium-sized mammals and 16 bird species in Europe
(Gern et al. 1998), and eight small mammals in the USA (summarised in Salkeld
et al. 2008). As another example, the Zika virus is known to circulate in monkey and
wild mammal populations in Africa, and has been detected in domestic sheep, goats,
horses, cows, ducks, rodents, bats, orangutans and carabaos in Indonesia and
Pakistan (Vorou 2016). However, large knowledge gaps on the diversity of reservoir
hosts for mosquito- and tick-borne pathogens in old and new areas of distribution
still exist (Bardkova et al. 2018; Hashiguchi et al. 2018). Certainly, these gaps will
never be closed given the complex dynamics of adaptations between pathogens,
vectors and hosts.

The conceptual model of the dilution effect in Lyme disease (Ostfeld and Keesing
2012) is the textbook example about how biodiversity on the level of the host spe-
cies can directly influence the transmission of an arthropod-transmitted disease.
Humans are aberrant hosts for the pathogen, because the pathogens cannot replicate
in humans. In a natural cycle of Borrelia burgdorferi, the bacteria are maintained by
small mammals and birds (reservoir hosts). The dilution effect model in the Lyme-
disease system states that the relative abundance of host individuals should be
evenly distributed across host species to decrease the potential for an encounter of
the tick with the most competent reservoir host. This model also applies to other
vector-host systems in which a generalist vector uses many host species of which
only a few are competent reservoir hosts (Swaddle and Calos 2008; Civitello et al.
2015). The smaller the risk for a host to become infected and thereby maintain and
release pathogens, the more species-diverse and abundant is the host community
(Civitello et al. 2013; Levi et al. 2016). However, this dilution effect is still under
academic debate (e.g. Civitello et al. 2015 and Salkeld et al. 2015), and there is an
urgent need for further research.

4.4 How to Manage VBDs?

Different public health measures exist, ranging from epidemic control through vec-
tor control (of mosquitoes, bugs, flies, fleas) and eradication of diseases through
vaccination, case treatment and breeding site elimination (WHO 2017b). Vector
control tools target specific life stages of arthropod vectors and are of a chemical
(e.g. pyrethroid insecticides), biological (e.g. Wolbachia bacteria) or transgenic
nature (e.g. genetically modified mosquitoes). Chemical insecticides are addition-
ally used for preventive measures such as insecticide-treated bed nets,
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insecticide-treated livestock or indoor residual spraying in highly VBD endemic
areas, which complements other preventive actions such as source reduction and
information campaigns. All pest control measures can influence biodiversity in
manifold ways, whereas prospective evaluations of positive and negative effects of
pest control under global changes is rarely available in the VBD context.

4.4.1 Chemical Insecticides

Arthropod pest control in epidemic regions is based on chemical insecticides, which
work efficiently against vectors, but are mostly associated with undesirable side
effects for biodiversity. The past use of dichloro-diphenyl-trichloroethane (DDT),
for example, successfully eliminated malaria in North America and Europe and sig-
nificantly decreased the number of deaths in other regions of the world (WHO 2008;
Keiser et al. 2005). However, DDT is highly persistent in the environment, accumu-
lates in fatty tissues of organisms, and biomagnifies from low trophic levels to pred-
ators such as ice bears and eagles (e.g. reviewed in Van den Berg 2009). The high
ecotoxicological risk of DDT for wildlife and ecosystem functioning was first dis-
covered by Rachel Carlson in 1962 (Carson 2002). Consequently, the Stockholm
Convention on Persistent Organic Pollutants (2001) banned DDT and a number of
other chemicals that were used as insecticides in the past (NO 2005). The use of
DDT is, however, allowed under the Stockholm Convention for disease vector con-
trol, within the recommendations and guidelines of the WHO until locally effective
and affordable substitutes and methods are available. Concerted large-scale efforts
are now underway to reduce both the burden of VBDs and the use of DDT (Van den
Berg 2009).

The generations of insecticides following DDT were organophosphates (e.g.
parathion), carbamates, pyrethroids (e.g. deltamethrin) and neonicotinoids (e.g.
imidacloprid), all designed to increase the efficiency to kill pest insects, overcome
problems with insecticide resistance in pest species, and lower the environmental
burden by increasing specificity (and thereby decreasing applied amounts for the
same efficiency). In every insecticide class, however, negative health effects on
human and/or wildlife occurred. For example, pyrethroids are recommended for
indoor spraying and bed net treatment by the WHO. However, pyrethroid resistance
evolved in several insect species and hence vector control cannot rely exclusively on
this insecticide class in the long term (Hemingway and Ranson 2000). As another
example, neonicotinoids, the most recent insecticide class (developed in the 1990s)
are discussed as a good candidate (clothianidin) for indoor residual spraying in
areas with pyrethroid-resistant mosquito populations (Agossa et al. 2018).
Neonicotinoids are currently under restricted use in the European market due to
increasing evidence of toxic effects on honey bees (honey-bee colony-collapse dis-
order), wild pollinators and indirectly on insectivorous birds, which are already
challenged by climate change (e.g., Le Conte and Navajas 2008; Hladik et al. 2018).
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On 17 May 2018, the European Commission banned the neonicotinoids imidaclo-
prid, clothianidin and thiamethoxam for field applications in EU member states.

With climatic changes, the efficiency of chemical insecticides can change
(thermal-dependent toxicity of specific chemicals; Kref et al. 2014) and the distri-
bution of chemical insecticides in the environment will alter (Op de Beeck et al.
2017). Probably enhanced by a warmer climate, insecticide resistance of arthropod
vectors to chemical insecticides will evolve further (Maino et al. 2018). In contrast,
non-target organisms in aquatic environments are threatened by manifold stressors,
while the combined effects of pesticides and warming may accelerate the ongoing
biodiversity loss (Liess et al. 2016). Thus, even if the use of chemical insecticides
currently appears to be an easy-to-use tool, in the long term, we need new, eco-
friendly and sustainable vector control tools.

4.4.2 Biological Insecticides

There is a consensus between researchers, that biodiversity is a valuable resource
for discovering novel insecticides (Silva-Filha 2017; Huang et al. 2017). The ongo-
ing dramatic loss of biodiversity under climate and other global changes may empty
this treasure chest faster than new biological insecticides can be discovered.

For a few decades, control measures have made use of natural insect toxins from
Bacillus israelensis thuringiensis (B.t.i.) and the bacterial endoparasite Wolbachia
spp. (mostly W. pipientis) (Baldacchino et al. 2015). The application of B.t.i. in
wetlands against floodwater mosquitoes, which are primarily annoying insects but
are also known as vectors for Usutu and West Nile viruses, is assumed to be envi-
ronmentally safe, although discussions on this topic are highly controversially dis-
cussed (Niemi et al. 2015; Jakob and Poulin 2016). Unfortunately, first resistance
against B.t.i. has been observed, for instance in the dengue vector Aedes aegypti,
and is expected to be supported by a warming climate (Paris et al. 2011).

A great success story is the contamination of Aedes mosquitoes with natural
Wolbachia bacteria (Iturbe-Ormaetxe et al. 2011). The presence of the bacteria
inhibits the dengue and West Nile virus replication and hence reduces the pathogen
load of mosquitoes (Ant et al. 2018). This biological technique can also be used to
suppress mosquito populations since wild females become sterilised when mating
with a Wolbachia-contaminated male mosquito. The World Mosquito Program
developed a Wolbachia method that enables the transmission of Wolbachia to off-
spring and spreads through the whole population (http://www.eliminatedengue.
com/our-research/wolbachia). This theoretically self-sustaining Wolbachia method
is now in the large-scale trial phase (reviewed in Mishra et al. 2018).

Many other biological approaches have been discussed (Huang et al. 2017). As
one example, copepods have been used for a long time to control Aedes species (e.g.
Vu et al. 1998) and are now also proposed as biological agents against Culex mos-
quitoes. Copepods feed on mosquito larvae (and other prey) and hence suppress
populations. Since the growth rates of both prey and predator strongly depend on
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temperature, the Relative Control Potential metric has been developed to allow the
right selection of a living biological control agent for specific temperature condi-
tions (Cuthbert et al. 2018).

4.4.3 New Genetic Tools in Vector Control

Recent advances to modernise and develop new vector control and surveillance
tools mean that there has never been a better time to reinvigorate vector control. The
genetic control of vectors will add to the existing vector control toolbox. Certain
genetic vector control strategies have a greater advantage as they will perform even
better when climatic conditions favour vector population growth and development.
Furthermore, genetic vector control targets only one species and thereby could
avoid direct negative effects on non-target species.

The sterile insect technique (SIT) is based on the release of sterile mosquito
males, produced by irradiation or sterilising chemicals, mating with wild females
and thereby suppressing the mosquito population growth. However, the successful
implementation of SIT requires a repeated release of a high number of mosquitoes
with ideally no fitness costs if compared to wild counterparts. Therefore mass-
rearing facilities have been set up and several sex-sorting techniques for pupae have
been developed. SIT successfully eliminates or suppresses populations, as shown
for Cx. quinquefasciatus on an island in Florida and Anopheles albimanus in El
Salvador or Ae. albopictus in Italy (reviewed in Baldacchino et al. 2015).
Alternatively, insects can be sterilised or immunised by genetic modifications
(GMs), which is a more precise procedure and goes along with less fitness costs for
male mosquitoes. The release of transgenic sterile male mosquitoes carrying a dom-
inant lethal genetic system (RIDL technique) has been successfully applied for
dengue-carrying mosquitoes in the Caribbean (Harris et al. 2011), Malaysia (Lacroix
et al. 2012) and Brazil (Carvalho et al. 2015). However, as with SIT, repeated
releases with large numbers of males are necessary to efficiently control insect vec-
tors and agricultural pest insects.

The release of gene-drive insects for population suppression or vector immuni-
sation might be an even more promising technique. Preliminary studies have con-
firmed the feasibility of using gene drive-based modifications for vector control
(Hammond et al. 2016; Burt et al. 2018). Gene-drives rely on an endonuclease
cassette (e.g. CRISPR-Cas9) targeting genes important for fitness of the vector or
inhibit parasite development. This endonuclease cassette spreads through the tar-
get population by modifying/cutting the DNA of target genes in the germline of
every offspring. When the DNA in wild-type insects is repaired, the DNA of
genetically modified insects serves as the DNA template. As a result, the endo-
nuclease cassette copies to the wild-type DNA. This way, the gene-drive construct
passes via germline modification to almost every offspring and from generation to
generation. This hypothetical self-sustaining behaviour of gene-drives might be a
clear advantage, because the reduction of release efforts is necessary to save costs,
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lower infrastructural needs and may also work in large and remote areas. However,
the technique lacks post-release control and the required data for environmental
risk assessment are not yet available. Further research is needed before allowing
the release of gene-drive insects to the wild.

4.4.4 Sustainable Control Programs

The ecological risk assessment of chemical, biological and genetic vector control
measures on non-target biodiversity will remain difficult because our basic knowl-
edge on non-VBD biodiversity as well as on cryptic viral, microbiological, genetic,
phenotypic and reservoir host biodiversity under global changes is so fragmentary.
One may also hope for the future, that biodiverse nature endows us with new bio-
logical insecticides and medically active compounds to help us to treat VBDs. Such
ecosystem services could deliver a very good reason to preserve existing biodiver-
sity and respect traditional lifestyles and related knowledge of local communities.

Traditionally, single-intervention approaches such as insecticide treatment domi-
nated the toolbox of vector control managers in the past. The Integrated Vector
Control Management (IVM) makes use of vector surveillance, risk mapping and a
variety of vector prevention and control tools, and adjusts the set of applied tools to
local conditions in a time- and dose-dependent manner. However, it must be kept in
mind that just a reduction of mosquito breeding sites (prevention), use of insecti-
cides (control), IVM or SIT have brought only few benefits in the attempt to control
the vector populations (Baldacchino et al. 2015). Building sustainable control pro-
grams that are resilient in the face of technical, operational and financial challenges
will in addition require the engagement and collaboration of local communities.

Efforts to limit the breeding of disease vectors are often hampered by lack of
community awareness of the interconnections between disease, vectors and viruses/
parasites. On the other hand, community mobilisation and the implementation of an
integrated community-based approach can probably render dengue fever control
effective (Andersson et al. 2015; Mitchell-Foster et al. 2015). Lessons learned from
previous studies should be used to inform previously VBD-unaffected populations.
For example, a study from Nepal shows that only 12% of the sample population had
good knowledge of dengue fever and those living in the lowlands with regular out-
breaks of mosquito-borne diseases were five times more likely to possess good
knowledge than highlanders experiencing rare or zero outbreaks of mosquito-borne
diseases (Dhimal et al. 2014b). Thus, VBD-naive populations such as in remote
mountainous regions may be at special risk under the impact of climate change
fostering the spread of disease vectors to cooler ecoregions (Dhimal et al. 2014a, b,
c,2015; Escobar et al. 2016). The same might be true for northern/temperate regions
if considering altitude as a proxy for temperature conditions.
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4.5 Responses to VBDs Along with Biodiversity Loss
and Climate Change

4.5.1 Target the Complexity

Though the world is complex, our understanding of VBDs comes mainly from indi-
vidual research disciplines. Who is at a high risk of VBDs is determined by biologi-
cal, ecological, climatic, social, cultural, historical, political and economic factors
(Lacey 2012; Marmot and Wilkinson 2005). Ecological factors refer, for example,
to micro-climate, the natural landscape and anthropogenic settings. Biological fac-
tors relate to population dynamics of vectors and the transmission dynamics of
pathogens. Socio-cultural, political and economic factors comprise a number of
variables relating to conservation of biodiversity, mitigation and adaption strategies
of climate change impacts and health systems, including vector control, health ser-
vices, the political context, public and private services (such as water supply),
‘macro-social’ events (such as urbanisation), and community and household-based
practices, and how these are shaped by large-scale forces (such as gender, ethnicity,
education, social and economic status) (Chu-Agor et al. 2012; Huffaker 2015). All
those factors need to be understood in a systemic context, rather than as individual
factors, if we want to understand altered geographical and temporal distributions of
VBDs. To give an example, dengue and chikungunya viruses are transmitted by the
mosquitoes Aedes albopictus and Aedes aegypti. Their local transmission of dengue
and chikungunya viruses is coupled with meteorological and climatological condi-
tions, and ecological, socio-economic, demographic and cultural factors (Morrison
2014; Teurlai et al. 2015; Harapan et al. 2017, 2018).

4.5.2 Interconnecting People and Knowledge

There are several promising developments to interconnect people and knowledge in
Europe and beyond.

At the G7 summit on 7 and 8 June 2015, G7 member states committed them-
selves to research and development in the field Neglected Tropical Diseases, which
includes many VBDs such as Zika, dengue, chikungunya and leishmaniasis. As a
result, for example, the four German ministries Federal Ministry of Education and
Research, Federal Ministry of Food and Agriculture, Federal Ministry of Health and
Federal Ministry of Defence signed a research agreement on One Health that sup-
ports interdisciplinary research on zoonotic diseases for the health of animals and
humans. In accordance, the national network on zoonoses (https://www.gesund-
heitsforschung-bmbf.de/de/nationales-forschungsnetz-zoonotische-infektionsk-
rankheiten-6820.php) was founded in 2017, which interacts strongly with the
German Research platform for zoonoses (http://www.zoonosen.net/EnglishSite/
Home.aspx). Both German initiatives aim to improve our understanding of zoonotic
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diseases and to improve the knowledge transfer from science to practice and vice
versa.

At the European level, the European Food Safety Authority (EFSA) and the
European Centre for Disease Prevention and Control (ECDC) support the European
VectorNet initiative. The VectorNet network assembles data on vector distributions
and cases of animal and human VBDs. The information on biogeography of vectors
and latest VBD outbreaks can be freely accessed at https://ecdc.europa.eu/en/about-
us/partnerships-and-networks/disease-and-laboratory-networks/vector-net.
Moreover, the European Union funds the InfraVec2 project, which offers free access
to European infrastructures for research on insect vectors and their pathogens and
thereby interconnects the VBD research community (https://infravec2.eu/). The
InfraVec2 project aims to set up common quality standards and operating frame-
works in the field of arthropod VBDs (standardise test procedures, develop accepted,
traceable reference standards for biological material, etc.) and thus improve inter-
laboratory reproducibility and finally the quality of research outcomes.

4.5.3 Policy Options

The recent unprecedented global spread of dengue and chikungunya viruses and the
outbreaks of Zika virus and yellow fever in 2015-2016 have highlighted the chal-
lenges faced by countries. The need has never been greater for a comprehensive
approach to vector control. Most VBDs can be prevented through vector control, but
only if it is implemented effectively. This is, however, hampered by numerous chal-
lenges that include: lack of capacity and capability (human, infrastructural and
institutional) in country programmes; lack of a comprehensive national strategy for
vector control and the necessary legal framework; a limited toolbox of interven-
tions; lack of community involvement; and ongoing environmental and social
changes that result in the proliferation and geographic expansion of vectors. The
global vector control response 2017-2030 (GVCR) approved by the World Health
Assembly provides strategic guidance to countries and development partners for
urgent strengthening of vector control, preventing disease and responding to out-
breaks (WHO 2017a, b). In addition, WHO provides fact sheets on VBDs and
Climate change and Health in different languages for lay people and public health
workers. To achieve the re-alignment of vector control programs and increased tech-
nical capacity, improved infrastructures, strengthened monitoring and surveillance
systems, and greater community mobilisation are required. One of the priority
activities outlined in the GVCR is for countries to conduct or update their vector
control needs assessment. This information can then be utilised to develop or update
countries’ vector control strategies and to plan necessary activities. This Framework
for a National Vector Control Needs Assessment sets the standards for baseline
assessment and progress tracking in line with the goals, targets, milestones and
priorities of the GVCR. Ultimately, all these activities will support implementation
of a comprehensive approach to vector control, disease surveillance and VBD
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research that will enable the achievement of disease-specific national and global
goals and contribute to achievement of the Sustainable Development Goals and
Universal Health Coverage (WHO 2017a, b).

One important policy area is with climate change mitigation policies under the
Paris Agreement. Keeping global warming under 2 °C in relation to global tempera-
tures before the Industrial Revolution will have an impact on VBD’s spread to zones
that have previously been uninhabitable for vectors. However, with current global
warming we are already seeing an impact (Dhimal et al. 2014a, 2015; Ostyn et al.
2015); therefore, climate change adaptation policies are also directly linked to VBD
control and elimination, particularly in those areas that have previously not shown
any risk to VBD’s or evidence of prevalence.

VBD control and elimination need to be addressed from an interdisciplinary and
trans-sectoral approach, not just in the health sector. It is highly important to situate
VBD control and elimination within a wider understanding of planetary
health (Whitmee et al. 2015). Global policy approaches need to address a One
Health approach, which interlinks human and animal health within planetary eco-
system processes that are determined by human action and therefore global
change (Steffen et al. 2015; Whitmee et al. 2015).

Another policy area is influenced by Sustainable Development Goals that guide
regional, national and local policies and practices and are directly interlinked with
VBD control (Table 4.2).

We argue that Sustainable Development Goals will only be lasting if ensuring
good health and well-being, which will rely on effective vector control as well as on
initiatives for clean water and sanitation (Goal 6), sustainable cities and communi-
ties (Goal 11), climate action (Goal 13), life on land and biodiversity (Goal 15),
among others. Multiple approaches that are implemented by different sectors will
be required for control and elimination of VBDs, such as those promoting healthy
environments (Pruss-Ustun et al. 2016).

Recognition that climate change mitigation and adaptation strategies can have
substantial benefits for both health and biodiversity conservation presents policy
options that are potentially both more cost-effective and socially attractive than are
those that address these priorities independently. Any policy, for example the move
and expansion of vectors, through transportation and livestock trade and movement
on a local, national and sub-national level, needs to be coordinated in a regional
context addressing global change challenges.

Acknowledgements We are grateful to our funders: Ruth Miiller is funded by the Federal
Ministry of Education and Research of Germany (BMBF) under the project AECO (number
01KI11717), part of the National Research Network on Zoonotic Infectious Diseases. Friederike
Reuss is funded by the Hessian Centre on Climate Change of the Hessian Agency for Conservation,
Environment and Geology.



84

R. Miiller et al.

Table 4.2 Relationship between Sustainable Development Goals and control of VBDs

SDG Relationship to VBDs Example
Goal 3. Ensure VBDs are a major VBDs account for > 17% of the global
healthy lives and contributor to global burden of infectious diseases; > 80% of the

promote well-being for
all at all ages

morbidity and mortality

global population is at risk from one VBD,
with > 50% at risk of two or more VBDs.

Goal 6. Ensure access
to water and
sanitation for all

Investment in clean water
and sanitation can reduce
the risk from VBDs

Open stored water containers are a major
habitat for immature dengue, chikungunya
and Zika virus vectors worldwide;
provision of piped water and/or mosquito-
proof water storage containers can reduce
the transmission of these diseases.

Goal 11. Make cities
inclusive, safe,
resilient and
sustainable

Ending VBDs makes cities
(and slums) safer

Resilience against VBDs needs to be
included in strategic planning for urban
development.

Goal 13. Take urgent
action to combat
climate change and its
impacts

Mitigating the impacts of
climate change has the
potential to reduce VBDs

VBDs are highly sensitive to climatic
conditions, especially temperature, rainfall
and relative humidity; patterns of
epidemiology change more rapidly than
health policy can respond; climate change
can impact all VBDs.

Goal 15. Sustainably
manage forests,
combat desertification,
halt and reverse land
degradation, halt
biodiversity loss

Maintaining terrestrial
ecosystems and halting
biodiversity loss will help
reduce VBDs in some
places, but increase it in
others

Bio-reserves can harbour vector
populations in protected areas. Biodiversity
loss (such as that associated with
deforestation) may enhance the risk of
some diseases such as malaria, while
biodiversity gains (such as that associated
with reforestation) could sometimes
increase the risk for other diseases

Significantly reduce the
impact of invasive alien
species on land and water
ecosystems

Invasive vector species (e.g. Aedes
albopictus)

Promote fair and equitable
sharing of the benefits
arising from the utilisation
of genetic resources and
promote appropriate
access to such resources

Biological vector control

Adapted from: WHO (2017a, b). The Global vector control response (GVCR) 2017-2030

References

Adhami J, Reiter P (1998) Introduction and establishment of Aedes (Stegomyia) albopictus Skuse
(Diptera: Culicidae) in Albania. ] Am Mosq Control Assoc 14(3):340-343

Agossa FR, Padonou GG, Koukpo CZ, Zola-Sahossi J, Azondekon R, Akuoko OK, Ahoga J,
N’dombidje B, Akinro B, Fassinou AJYH, Sezonlin M, Sezonlin M (2018) Efficacy of a novel



4 Vector-Borne Diseases 85

mode of action of an indoor residual spraying product, SumiShield® 50WG against susceptible
and resistant populations of Anopheles gambiae (sl) in Benin, West Africa. Parasit Vectors
11(1):293

Alphey L, Alphey N (2014) Five things to know about genetically modified (GM) insects for vec-
tor control. PLoS Pathog 10(3):e1003909

Altizer S, Ostfeld RS, Johnson PTJ, Kutz S, Harvell CD (2013) Climate change and infectious
diseases: from evidence to a predictive framework. Science 341:514

Andersson N, Nava-Aguilera E, Arostegui J, Morales-Perez A, Suazo-Laguna H, Legorreta-
Soberanis J, Hernandez-Alvarez C, Fernandez-Salas I, Paredes-Solis S, Balmaseda A (2015)
Evidence based community mobilization for dengue prevention in Nicaragua and Mexico
(Camino Verde, the green way): cluster randomized controlled trial. Br Med J 351:h3267

Ant TH, Herd CS, Geoghegan V, Hoffmann AA, Sinkins SP (2018) The Wolbachia strain
wAu provides highly efficient virus transmission blocking in Aedes aegypti. PLoS Pathog
14(1):e1006815

Aytekin S, Aytekin AM, Alten B (2009) Effect of different larval rearing temperatures on the pro-
ductivity (R0O) and morphology of the malaria vector Anopheles superpictus Grassi (Diptera:
Culicidae) using geometric morphometrics. J Vector Ecol 34(1):32-42

Baldacchino F, Caputo B, Chandre F, Drago A, della Torre A, Montarsi F, Rizzoli A (2015)
Control methods against invasive Aedes mosquitoes in Europe: a review. Pest Manag Sci
71(11):1471-1485

Bangs MJ, Larasati RP, Corwin AL, Wuryadi S (2006) Climatic factors associated with epidemic
dengue in Palembang, Indonesia: implications of short-term meteorological events on virus
transmission. Southeast Asian J Trop Med Public Health 37(6):1103-1116

Barakova I, Derdakova M, Selyemova D, Chvosta¢ M, gpitalské E, Rosso F, Collini M, Rosa R,
Tagliapietra V, Girardi M, Ramponi C (2018) Tick-borne pathogens and their reservoir hosts in
northern Italy. Ticks Tick-borne Dis 9(2):164-170

Bayoh MN, Lindsay SW (2003) Effect of temperature on the development of the aquatic stages of
Anopheles gambiae sensu stricto (Diptera: Culicidae). Bull Entomol Res 93:375-381

Briegel H, Timmermann SE (2001) Aedes albopictus (Diptera: Culicidae): physiological aspects
of development and reproduction. J Med Entomol 38(4):566-571

Brownstein JS, Skelly DK, Holford TR, Fish D (2005) Forest fragmentation predicts local scale
heterogeneity of Lyme disease risk. Oecologia 146(3):469-475

Burt A, Coulibaly M, Crisanti A, Diabate A, Kayondo JK (2018) Gene drive to reduce malaria
transmission in sub-Saharan Africa. J Respon Innov 5(suppl 1):66-80

Carson R (2002) Silent spring. Houghton Mifflin Harcourt, Boston

Carvalho DO, McKemey AR, Garziera L, Lacroix R, Donnelly CA, Alphey L, Malavasi A, Capurro
ML (2015) Suppression of a field population of Aedes aegypti in Brazil by austained release of
transgenic male mosquitoes. PLoS Negl Trop Dis 9:e0003864

Chan M, Johansson MA (2012) The incubation periods of dengue viruses. PLoS One 7(11):e50972

Chang LH, Hsu EL, Teng HJ, Ho CM (2007) Differential survival of Aedes aegypti and Aedes
albopictus (Diptera: Culicidae) larvae exposed to low temperatures in Taiwan. ] Med Entomol
44(2):205-210

Chaves LF, Hamer GL, Walker ED, Brown WM, Ruiz MO, Kitron UD (2011) Climatic variability
and landscape heterogeneity impact urban mosquito diversity and vector abundance and infec-
tion. Ecosphere 2(6):art70

Chu-Agor ML, Munoz-Carpena R, Kiker GA, Aiello-Lammens ME, Akcakaya HR, Convertino
M, Linkov I (2012) Simulating the fate of Florida snowy plovers with sea-level rise: exploring
research and management priorities with a global uncertainty and sensitivity analysis perspec-
tive. Ecol Model 224(1):33-47

Civitello DJ, Cohen J, Fatima H, Halstead NT, Liriano J, McMahon TA, Ortega N, Sauer EL,
Sehgal T, Young S, Rohr JR (2015) Biodiversity inhibits parasites: broad evidence for the dilu-
tion effect. Proc Natl Acad Sci 112(28):8667-8671

Civitello DJ, Pearsall S, Duffy MA, Hall SR (2013) Parasite consumption and host interference
can inhibit disease spread in dense populations. Ecol Lett 16(5):626-634



86 R. Miiller et al.

Couret J, Dotson E, Benedict MQ (2014) Temperature, larval diet, and density effects on develop-
ment rate and survival of Aedes aegypti (Diptera: Culicidae). PLoS One 9(2):e87468

Cuthbert RN, Dick JT, Callaghan A, Dickey JW (2018) Biological control agent selection under
environmental change using functional responses, abundances and fecundities; the relative
control potential (RCP) metric. Biol Control 121:50-57

Delatte H, Gimonneau G, Triboire A, Fontenille D (2009) Influence of temperature on immature
development, survival, longevity, fecundity, and gonotrophic cycles of Aedes albopictus, vector
of chikungunya and dengue in the Indian Ocean. J] Med Entomol 46(1):33-41

Dhimal M, Ahrens B, Kuch U (2014a) Altitudinal shift of malaria vectors and malaria elimination
in Nepal. Malar J 13(S1):P26

Dhimal M, Gautam I, Kref3 A, Miiller R, Kuch U (2014b) Spatio-temporal distribution of dengue
and lymphatic filariasis vectors along an altitudinal transect in Central Nepal. PLoS Negl Trop
Dis 8(7):¢3035

Dhimal M, Aryal KK, Dhimal ML, Gautam I, Singh SP, Bhusal CL, Kuch U (2014c) Knowledge,
attitude and practice regarding dengue fever among the healthy population of highland and
lowland communities in Central Nepal. PLoS One 9(7):e102028

Dhimal M, Ahrens B, Kuch U (2015) Climate change and spatiotemporal distributions of vector-
borne diseases in Nepal—a systematic synthesis of literature. PLoS One 10(6):e0129869

Dhimal M, Dahal S, Dhimal ML, Mishra SR, Karki KB, Aryal KK, Haque U, Kabir I, Guin P,
Butt AM, Harapan H, Liu Q, Chu C, Montag D, Groneberg DA, Pandey BD, Kuch U, Miiller
R (2018) Threats of Zika virus transmission for Asia and its Hindu-Kush Himalayan region.
Infect Dis Pov 7:40

Ducheyne E, Minh NNT, Haddad N, Bryssinck W, Buliva E, Simard F, Malik MR, Charlier J,
De Waele V, Mahmoud O, Mukhtar M, Bouattour A, Hussain A, Hendrick G, Roiz D (2018)
Current and future distribution of Aedes aegypti and Aedes albopictus (Diptera: Culicidae) in
WHO eastern mediterranean region. Int J Health Geogr 17(1):4

Engering A, Hogerwerf L, Slingenbergh J (2013) Pathogen—host—environment interplay and dis-
ease emergence. Emerg Microb Infect 2(2):e5

Eritja R, Palmer JRB, Roiz D, Sanpera-Calbet I, Bartumeus F (2017) Direct evidence of adult Aedes
albopictus dispersal by car. Sci Rep 7:14399. https://doi.org/10.1038/s41598-017-12652-5

Escobar LE, Romero-Alvarez D, Leon R, Lepe-Lopez MA, Craft ME, Borbor-Cordova MJ,
Svenning JC (2016) Declining prevalence of disease vectors under climate change. Sci Rep
6:39150

Estrada-Pena A, Sanchez N, Estrada-Sanchez A (2012) An assessment of the distribution and
spread of the tick Hyalomma marginatum in the western Palearctic under different climate
scenarios. Vector Borne Zoonotic Dis 12(9):758-768

Ferguson HM, Dornhaus A, Beeche A, Borgemeister C, Gottlieb M, Mulla MS, Gimnig JE, Fish
D, Killeen GF (2010) Ecology: a prerequisite for malaria elimination and eradication. PLoS
Med 7(8):e1000303

Fischer D, Thomas SM, Neteler M, Tjaden N, Beierkuhnlein C (2014) Climatic suitability of
Aedes albopictus in Europe referring to climate change projections: comparison of mechanistic
and correlative niche modeling approaches. Eur Secur 19:34-46

Foldvari G, Siroky P, Szekeres S, Majoros G, Sprong H (2016) Dermacentor reticulatus: a vector
on the rise. Parasit Vectors 9(1):314

Gern L, Estrada-Pena A, Frandsen F, Gray JS, Jaenson TG, Jongejan F, Kahl O, Korenberg E, Mehl
R, Nuttall PA (1998) European reservoir hosts of Borrelia burgdorferi sensu lato. Zentralblatt
fiir Bakteriol 287(3):196-204

Goncalves Y, Silva J, Biscoito M (2008) On the presence of Aedes (Stegomyia) aegypti Linnaeus,
1762 (Insecta, Diptera, Culicidae) in the island of Madeira (Portugal). Boletim do Museu
Municipal do Funchal (Funchal, Portugal) 58(322):53-59

Gould EA, Higgs S (2009) Impact of climate change and other factors on emerging arbovirus
diseases. Trans R Soc Trop Med Hyg 103(2):109-121

Hammond A, Galizi R, Kyrou K, Simoni A, Siniscalchi C, Katsanos D, Gribble M, Baker D,
Marois E, Russell S, Burt A, Windbichler N, Crisanti A, Nolan T (2016) A CRISPR-Cas9 gene


https://doi.org/10.1038/s41598-017-12652-5

4 Vector-Borne Diseases 87

drive system targeting female reproduction in the malaria mosquito vector Anopheles gambiae.
Nat Biotechnol 34(1):78

Harapan H, Bustamam A, Radiansyah A, Angraini P, Fasli R, Salwiyadi S, Bastian RA, Oktiviyari
A, Akmal I, Igbalamin M, Adil J, Henrizal F, Groneberg DA, Kuch U, Miiller R (2017) Dengue
prevention: confirmatory factor analysis of relationships between economic status, knowledge,
attitudes and practice, vaccine acceptance and willingness to participate in a study. Southeast
Asian J Trop Med Public Health 48(2):297-305

Harapan H, Rajamoorthy Y, Anwar S, Bustaman A, Radiansyah A, Angraini P, Fasli R, Salwiyadi
S, Bastian RA, Oktiviyari A, Akmal I, Igbalamin M, Adil J, Henrizal F, Darmayanti D, Pratama
R, Setiawan AM, Mudatsir M, Hadisoemarto PF, Dhimal ML, Kuch U, Groneberg DA, Imrie
A, Dhimal M, Miiller R (2018) Knowledge, attitude, and practice regarding dengue virus infec-
tion among inhabitants of Aceh, Indonesia: a cross-sectional study. BMC Infect Dis 18:96

Harris AF, Nimmo D, McKemey AR, Kelly N, Scaife S, Donnelly CA, Beech C, Petrie WD, Alphey
L (2011) Field performance of engineered male mosquitoes. Nat Biotechnol 29:1034-1037

Hashiguchi Y, Céceres AG, Velez LN, Villegas NV, Hashiguchi K, Mimori T, Uezato H, Kato H
(2018) Andean cutaneous leishmaniasis (Andean-CL, uta) in Peru and Ecuador: the vector
Lutzomyia sand flies and reservoir mammals. Acta Trop 178:264-275

Hemingway J, Ranson H (2000) Insecticide resistance in insect vectors of human disease. Annu
Rev Entomol 45(1):371-391

Hladik ML, Main A, Goulson D (2018) Environmental risks and challenges associated with neo-
nicotinoid insecticides. Environ Sci Technol. https://doi.org/10.1021/acs.est.7b06388

http://www.eliminatedengue.com/our-research/wolbachia. Accessed 30 May 2018

http://www.euro.who.int/en/media-centre/sections/press-releases/2014/77-000-europeans-fall-
sick-every-year-with-vector-borne-diseases. Accessed 30 May 2018

http://www.globalviromeproject.org/overview/. Accessed 30 May 2018

http://www.zoonosen.net/EnglishSite/Home.aspx. Accessed 30 May 2018

https://ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/
vector-net. Accessed 30 May 2018

https://ecdc.europa.eu/en/publications-data/rhipicephalus-sanguineus-current-known-distribu-
tion-april-2017. Accessed 30 May 2018

https://infravec2.eu/. Accessed 30 May 2018

https://win-network.ird.fr/. Accessed 30 May 2018

https://www.gesundheitsforschung-bmbf.de/de/nationales-forschungsnetz-zoonotische-infektion-
skrankheiten-6820.php. Accessed 30 May 2018

Huang YJS, Higgs S, Vanlandingham DL (2017) Biological control strategies for mosquito vectors
of arboviruses. Insects 8(1):21

Huffaker R (2015) Building economic models corresponding to the real world. Appl Econ Perspect
Policy 37(4):ppv021

Iturbe-Ormaetxe I, Walker T, Neill SLO (2011) Wolbachia and the biological control of mosquito-
borne disease. EMBO Rep 12:508-518

Jaenson TG, Virv K, Frojdman I, Jadskeldinen A, Rundgren K, Versteirt V, Estrada-Pefa A,
Medlock JM, Golovljova I (2016) First evidence of established populations of the taiga tick
Ixodes persulcatus (Acari: Ixodidae) in Sweden. Parasit Vectors 9(1):377

Jakob C, Poulin B (2016) Indirect effects of mosquito control using Bti on dragonflies and damsel-
flies (Odonata) in the Camargue. Insect Conserv Divers 9(2):161-169

Jia Y, Moudy RM, Dupuis AP II, Ngo KA, Maffei JG, Jerzak GV, Franke MA, Kauffman EB,
Kramer LD (2007) Characterization of a small plaque variant of West Nile virus isolated in
New York in 2000. Virology 367(2):339-347

Keiser J, Singer BH, Utzinger J (2005) Reducing the burden of malaria in different eco-
epidemiological settings with environmental management: a systematic review. Lancet Infect
Dis 5(11):695-708

Kilpatrick AM, Meola MA, Moudy RM, Kramer LD (2008) Temperature, viral genetics, and the
transmission of West Nile virus by Culex pipiens mosquitoes. PLoS Pathog 4(6):e1000092


https://doi.org/10.1021/acs.est.7b06388
http://www.eliminatedengue.com/our-research/wolbachia
http://www.euro.who.int/en/media-centre/sections/press-releases/2014/77-000-europeans-fall-sick-every-year-with-vector-borne-diseases
http://www.euro.who.int/en/media-centre/sections/press-releases/2014/77-000-europeans-fall-sick-every-year-with-vector-borne-diseases
http://www.globalviromeproject.org/overview/
http://www.zoonosen.net/EnglishSite/Home.aspx
https://ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/vector-net
https://ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/vector-net
https://ecdc.europa.eu/en/publications-data/rhipicephalus-sanguineus-current-known-distribution-april-2017
https://ecdc.europa.eu/en/publications-data/rhipicephalus-sanguineus-current-known-distribution-april-2017
https://infravec2.eu/
https://win-network.ird.fr/
https://www.gesundheitsforschung-bmbf.de/de/nationales-forschungsnetz-zoonotische-infektionskrankheiten-6820.php
https://www.gesundheitsforschung-bmbf.de/de/nationales-forschungsnetz-zoonotische-infektionskrankheiten-6820.php

88 R. Miiller et al.

KreB A, Kuch U, Oehlmann J, Miiller R (2014) Impact of temperature and nutrition on the toxicity
of the insecticide A-cyhalothrin in full-lifecycle tests with the target mosquito species Aedes
albopictus and Culex pipiens. J Pest Sci 87(4):739-750

Kurtenbach K, Hanincova K, Tsao JI, Margos G, Fish D, Ogden NH (2006) Fundamental processes
in the evolutionary ecology of Lyme borreliosis. Nat Rev Microbiol. https://doi.org/10.1038/
nrmicrol475

Lacey J (2012) Climate change and Norman Daniel’s theory of just health: an essay on basic needs.
Med Health Care Philos 5:3-14

Lacroix R, McKemey AR, Raduan N, Kwee Wee L, Hong Ming W, Guat Ney T, Rahidah AAS,
Salman S, Subramaniam S, Nordin O, Hanum ATN, Angamuthu C, Marlina Mansor S, Lees
RS, Naish N, Scaife S, Gray P, Labbé G, Beech C, Nimmo D, Alphey L, Vasan SS, Han Lim
L, Wasi AN, Murad S (2012) Open field release of genetically engineered sterile male Aedes
aegypti in Malaysia. PLoS One 7:e42771

Lafferty KD (2009) The ecology of climate change and infectious diseases. Ecology 90(4):888-900

Lambrechts L, Scott TW, Gubler DJ (2010) Consequences of the expanding global distribution of
Aedes albopictus for dengue virus transmission. PLoS Negl Trop Dis 4(5):¢646

Le Conte Y, Navajas M (2008) Climate change: impact on honey bee populations and diseases.
Revue Scientifique et Technique-Office International des Epizooties 27(2):499-510

Levi T, Keesing F, Holt RD, Barfield M, Ostfeld RS (2016) Quantifying dilution and amplification
in a community of hosts for tick-borne pathogens. Ecol Appl 26(2):484—498

Liess M, Foit K, Knillmann S, Schifer RB, Liess HD (2016) Predicting the synergy of multiple
stress effects. Sci Rep 6:32965

Lindgren E, Télleklint L, Polfeldt T (2000) Impact of climatic change on the northern latitude
limit and population density of the disease-transmitting European tick Ixodes ricinus. Environ
Health Perspect 108(2):119

Maino JL, Umina PA, Hoffmann AA (2018) Climate contributes to the evolution of pesticide resis-
tance. Glob Ecol Biogeogr 27(2):223-232

Marmot M, Wilkinson RG (2005) Social determinants of health. Oxford University Press, Oxford

Medlock JM, Hansford KM, Schaffner F, Versteirt V, Hendrick G, Zeller H, Bortel WV (2012) A
review of the invasive mosquitoes in Europe: ecology, public health risks, and control options.
Vector-Borne Zoonotic Dis 12(6):435-447

Mishra N, Shrivastava NK, Nayak A, Singh H (2018) Wolbachia: a prospective solution to mos-
quito borne diseases. Int ] Mosq Res 5(2):01-08

Mitchell-Foster K, Ayala EB, Breilh J, Spiegel J, Wilches AA, Leon TO, Delgado JA (2015)
Integrating participatory community mobilization processes to improve dengue prevention: an
eco-bio-social scaling up of local success in Machala, Ecuador. Trans R Soc Trop Med Hyg
109(2):126-133

Mohammed A, Chadee DD (2011) Effects of different temperature regimens on the development
of Aedes aegypti (L.) (Diptera: Culicidae) mosquitoes. Acta Trop 119:38-43

Montag D, Kuch U, Rodriguez L, Miiller R (2017) Overview of the panel on biodiversity and
health under climate change. In: Rodriguez L, Anderson I (eds) Secretariat of the convention
on biological diversity. The Lima declaration on biodiversity and climate change: contributions
from science to policy for sustainable development, Technical series n0.89. Secretariat of the
Convention on Biological Diversity, Montreal, pp 91-108. 156 pages

Morrison TE (2014) Reemergence of chikungunya virus. J Virol 88(20):11644—-11647

Miiller R, Knautz T, Vollroth S, Berger R, Kref A, Reuss F, Groneberg DA, Kuch U (2018) Larval
superiority of Culex pipiens to Aedes albopictus in a replacement series experiment: prospects
for coexistence in Germany. Parasit Vectors 11:80

Muturi EJ, Kim CH, Alto BW, Berenbaum MR, Schuler MA (2011) Larval environmental stress
alters Aedes aegypti competence for Sindbis virus. Tropical Med Int Health 16(8):955-964

Narrod C, Zinsstag J, Tiongco M (2012) A one health framework for estimating the economic costs
of zoonotic diseases on society. EcoHealth 9(2):150-162

Niemi GJ, Axler RP, Hanowski JM, Hershey AE, Lima AR, Regal RR, Shannon LJ (2015)
Evaluation of the potential effects of methoprene and BTI (Bacillus thuringiensis israelensis)


https://doi.org/10.1038/nrmicro1475
https://doi.org/10.1038/nrmicro1475

4 Vector-Borne Diseases 89

on wetland birds and invertebrates in Wright County, MN, 1988 to 1993. Retrieved from the
University of Minnesota Digital Conservancy, http://hdl.handle.net/11299/187246

NO, Treaty Series (2005) Stockholm convention on persistent organic pollutants

Ogden NH, Maarouf A, Barker IK, Bigras-Poulin M, Lindsay LR, Morshed MG, O’Callaghan CJ,
Ramay F, Waltner-Toews D, Charron DF (2006) Climate change and the potential for range
expansion of the Lyme disease vector Ixodes scapularis in Canada. Int J Parasitol 36(1):63-70

Ogden NH, Radojevic M, Wu X, Duvvuri VR, Leighton PA, Wu J (2014) Estimated effects of
projected climate change on the basic reproductive number of the Lyme disease vector Ixodes
scapularis. Environ Health Perspect 122(6):631

Op de Beeck L, Verheyen J, Olsen K, Stoks R (2017) Negative effects of pesticides under global
warming can be counteracted by a higher degradation rate and thermal adaptation. J Appl Ecol
54(6):1847-1855

Ostfeld RS, Keesing F (2012) Effects of host diversity on infectious disease. Annu Rev Ecol Evol
Syst 43:157

Ostyn B, Uranw S, Bhattarai NR, Das ML, Rai K, Tersago K, Pokhrel Y, Durnez L, Marasini B,
Van der Auwera G, Dujardin J-C, Coosemans M, Argaw D, Boelaert M, Rijal S, Dujardin JC
(2015) Transmission of Leishmania donovani in the hills of eastern Nepal, an outbreak investi-
gation in Okhaldhunga and Bhojpur districts. PLoS Negl Trop Dis 9(8):e0003966

Paris M, David JP, Despres L (2011) Fitness costs of resistance to Bti toxins in the dengue vector
Aedes aegypti. Ecotoxicology 20(6):1184—1194

Pruss-Ustun A, Wolf J, Corvalan C, Bos R, Neira M (2016) Preventing disease through health
environments: a global assessment of the burden of disease from environmental risks. World
Health Organization, Geneva

Reiskind MH, Janairo MS (2015) Late-instar behaviour of Aedes aegypti (Diptera: Culicidae) lar-
vae in different thermal and nutritive environments. J] Med Entomol 52(5):789-796

Reuss F, Wiesner A, Niamir A, Balint M, Kuch U, Pfenninger M, Miiller R (2018) Thermal experi-
ments with the Asian bush mosquito (Aedes japonicus japonicus) (Diptera: Culicidae) and
implications for its distribution in Germany. Parasit Vectors 11(1):81

Rezza G (2018) Chikungunya is back in Italy: 2007-2017. J Travel Med 25(1):tay004

Ross PA, Axford JK, Richardson KM, Endersby-Harshman NM, Hoffmann AA (2017) Maintaining
Aedes aegypti mosquitoes infected with Wolbachia. J Vis Exp 126:e56124

Salkeld DJ, Leonhard S, Girard YA, Hahn N, Mun J, Padgett KA, Lane RS (2008) Identifying the
reservoir hosts of the Lyme disease spirochete Borrelia burgdorferi in California: the role of
the western gray squirrel (Sciurus griseus). Am J Trop Med Hyg 79(4):535-540

Salkeld DJ, Padgett KA, Jones JH, Antolin MF (2015) Public health perspective on patterns of
biodiversity and zoonotic disease. Proc Natl Acad Sci U S A 112(46):E6261-E6261

Samuel GH, Adelman ZN, Myles KM (2016) Temperature-dependent effects on the replication and
transmission of arthropod-borne viruses in their insect hosts. Curr Opin Insect Sci 16:108-113

Schaffner F, Kaufmann C, Hegglin D, Mathis A (2009) The invasive mosquito Aedes japonicus in
Central Europe. Med Vet Entomol 23:448-451

Silva-Filha MHNL (2017) Resistance of mosquitoes to entomopathogenic bacterial-based larvi-
cides: current status and strategies for management. In: Bacillus thuringiensis and Lysinibacillus
sphaericus. Springer, Cham, pp 239-257

Siraj AS, Santos-Vega M, Bouma MJ, Yadeta D, Carrascal DR, Pascual M (2014)
Altitudinal changes in malaria incidence in highlands of Ethiopia and Colombia. Science
343(6175):1154-1158

Steffen W, Richardson K, Rockstrom J, Cornell SE, Fetzer I, Bennett EM, Biggs R, Carpenter SR,
de Vries W, de Wit CA, Folke C, Gerten D, Heinke J, Mace GM, Persson LM, Ramanathan V,
Reyers B, Sorlin S (2015) Planetary boundaries: guiding human development on a changing
planet. Science 347(6223):1259855

Stockholm Convention on Persistent Organic Pollutants (2001) Stockholm convention on persis-
tent organic pollutants. United Nations Environment Programme, Geneva

Succo T, Leparc-Goftart I, Ferré JB, Roiz D, Broche B, Maquart M, Noel H, Catelinois O,
Entezam F, Caire D, Jourdain F, Esteve-Moussion I, Cochet A, Paupy C, Rousseau C, Paty


http://hdl.handle.net/11299/187246

90 R. Miiller et al.

M-C, Golliot F, Jourdain F (2016) Autochthonous dengue outbreak in Nimes, South of France,
July to September 2015. Eur Secur 21(21):30240

Swaddle JP, Calos SE (2008) Increased avian diversity its associated with lower incidence of
human West Nile infection: observation of the dilution effect. PLoS One 3(6):e2488

Teurlai M, Menkeés CE, Cavarero V, Degallier N, Descloux E, Grangeon J-P (2015) Socio-
economic and climate factors associated with dengue fever spatial heterogeneity: a worked
example in New Caledonia. PLoS Negl Trop Dis 9(12):e0004211

Tomasello D, Schlagenhauf P (2013) Chikungunya and dengue autochthonous cases in Europe,
2007-2012. Travel Med Infect Dis 11(5):274-284

Turell MJ (1993) Effect of environmental temperature on the vector competence of Aedes taenio-
chynchus for rift valley fever and Venezuelan equine encephalitis virus. Am J Trop Med Hyg
49(6):672-676

Van den Berg H (2009) Global status of DDT and its alternatives for use in vector control to pre-
vent disease. Environ Health Perspect 117(11):1656

Versteirt V, De Clercq EM, Fonseca DM, Pecor J, Schaffner F, Coosemans M, Van Bortel W (2012)
Bionomics of the established exotic mosquito species Aedes koreicus in Belgium, Europe.
J Med Entomol 49(6):1226-1232

Vorou R (2016) Zika virus, vectors, reservoirs, amplifying hosts, and their potential to spread
worldwide: what we know and what we should investigate urgently. Int J Infect Dis 48:85-90

Vu SN, Nguyen TY, Kay BH, Marten GG, Reid JW (1998) Eradication of Aedes aegypti from a
village in Vietnam, using copepods and community participation. The American Journal of
Tropical Medicine and Hygiene 59(4):657-660

Westbrook CJ, Reiskind MH, Pesko KN, Greene KE, Lounibos LP (2010) Larval environmen-
tal temperature and the susceptibility of Aedes albopictus Skuse (Diptera: Culicidae) to
Chikungunya virus. Vector-Borne Zoonotic Dis 10(3):241-247

Whitmee S, Haines A, Beyrer C, Boltz F, Capon AG, de Souza Dias BF, Ezeh A, Frumkin H,
Gong P, Head P, Horton R (2015) Safeguarding human health in the Anthropocene epoch:
report of the Rockefeller Foundation-lancet commission on planetary health. Lancet
386(10007):1973-2028

WHO (2008) Global malaria control and elimination: report of a technical review. World Health
Organization, Geneva

WHO (2017a) Fact sheet: vector-borne diseases. Available at: http://www.who.int/mediacentre/
factsheets/fs387/en/

WHO (2017b) The global vector control response (GVCR) 2017-2030. World Health Organization,
Geneva

Wood CL, McInturff A, Young HS, Kim DH, Lafferty KD (2017) Human infectious disease bur-
dens decrease with urbanization but not with biodiversity. Philos Trans R Soc B 372:20160122

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as 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 images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://www.who.int/mediacentre/factsheets/fs387/en/
http://www.who.int/mediacentre/factsheets/fs387/en/
http://creativecommons.org/licenses/by/4.0/

	Chapter 4: Vector-Borne Diseases
	4.1 Triple Vulnerability: Climate Change, Biodiversity and Vector-Borne Diseases
	4.2 Disease-Transmitting Mosquitoes and Ticks
	4.2.1 Influence of Temperature on Vector Mosquitoes and Associated Pathogens
	4.2.2 Distributional Changes of Mosquito Vector Species
	4.2.3 Distributional Changes of Ticks in Europe

	4.3 Biodiversity and VBDs: The Large Unknowns
	4.3.1 Pathogen Diversity
	4.3.2 Vector Diversity
	4.3.3 Host Diversity

	4.4 How to Manage VBDs?
	4.4.1 Chemical Insecticides
	4.4.2 Biological Insecticides
	4.4.3 New Genetic Tools in Vector Control
	4.4.4 Sustainable Control Programs

	4.5 Responses to VBDs Along with Biodiversity Loss and Climate Change
	4.5.1 Target the Complexity
	4.5.2 Interconnecting People and Knowledge
	4.5.3 Policy Options

	References


