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Abstract

Outbreaks of arboviruses have occurred in the last decades in many places around the world and a
variety of responses have been taken in order to control them. Responses ranged from vaccination
campaigns to the use of conventional vector control methods. Innovative approaches relying on
biotechnological novelties, often still under development, have been considered despite the lack
of solid evidence of their efficacy. While discussing these different aspects of the fight against
vector-borne diseases with a focus on the context of outbreaks, this chapter considers the social
and ethical aspects related to both the rhetoric and the discussion about the implementation of
new and innovative approaches.
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Introduction

A number of outbreaks of emerging or re-emerging arboviruses has been hitting populations
worldwide in the last two decades in an unusual diversity and magnitude. They have been fought
with a number of different tools, mainly in order to control the vectors. Even though some of these
methods are well known for their efficiency when properly deployed, the difficulties experienced
in the management of these epidemics have led, in some circumstances, to consider novel
methods relying on biotechnological innovation. This occurs even while the measures are still
under development and are lacking the required insight for their efficient use in public health. It
appears then important to question the associated infatuation with a particular method and to
look back at past achievements in the control of vector-borne diseases.

A bit of history

When considering innovations and the difficulties we are facing in the control of vector-borne
diseases it seems indeed reasonable to look at what we can learn from history and especially
from the success in the fight against vector-borne diseases obtained with proven, scalable and
efficient vector control methods and tools. Not only the classical example of the eradication of the
malaria mosquito Anopheles gambiae from the north-eastern part of Brazil quickly comes to mind
(Killeen 2003, Killeen et al. 2002), there are also a number of other examples where populations of
Aedes spp. have been drastically reduced, especially in Latin America and the Caribbean (Gorgas
1901, 1905). When looking at the map of Latin America (Figure 1) indicating the fluctuation of
the presence of the yellow fever mosquito Aedes aegypti over 80 years (Gubler 2011), it appears
clearly that while this vector was largely absent from a number of countries at the beginning in
1970, it has now reinfested a large part of the region, even being present in places where it was
not detected in the nineteen thirties. This has obviously been associated with the presence and
spread of dengue haemorrhagic fever in the sub-continent (Figure 2).
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Figure 1. The distribution of Aedes aegypti in the Americas between the 1930’s and 2015.
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Figure 2. The spread of dengue haemorrhagic fever in the Americas.

What are outbreaks?
Outbreak or epidemic

Disease outbreaks or epidemics are localised increases in the numbers of cases of illness that
are clearly in excess of normal expectancy. While an outbreak is usually limited to a small focal
area, an epidemic covers larger geographical areas and may have more than one focal point. The
number of cases that defines an outbreak depends on past patterns of the disease, the mode
of transmission, contact and case fatality rates and potential spread to other areas (WHO 2012).
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12. Innovations and the control of arboviral outbreaks

Worldwide alerts

Even when confined in space and time, outbreaks and epidemics tend to be of global concern.
An overview of the online platform Health map (http://www.healthmap.org/en/) and a search
on the number of alerts on a group of arboviruses (dengue, chikungunya, Zika, yellow fever, Rift
Valley Fever, West Nile Virus) generate more than one hundred hits. It reveals the presence of
information being reported in the media about these viruses during about four weeks in May/June
2019 (Figure 3). Note that the presence of a dot in Siberia does not indicate the emergence of any
of those viruses in this part of the world but the fact that the newspaper‘Siberian Times' published
an article warning Russian travellers about the risk of dengue infection in Thailand (Skarbo 2019).
While this map aggregates information, this does not reflect the location of an epidemic or an
outbreak but the importance with which a given outbreak is reported in online sources. Clearly,
concerns about the emergence or re-emergence of vector-borne diseases are global.

Arboviral outbreaks

As mentioned earlier, over the last decades numerous outbreaks of arboviral disease have been
hitting human populations worldwide. Dengue outbreaks have occurred in Latin America, in
South-East Asia and in the Indian Ocean. More recently the chikungunya virus has emerged
in the early 2000s with several epidemics in Reunion Island in 2005-2006 (Josseran et al. 2006,
Weaver and Lecuit 2015) and again in 2009-2010 before reaching the West Indies in 2014 and the
Americas (Chen et al. 2016). Despite the existence of an efficient vaccine for many years, yellow
fever outbreaks continue to occur as in the Omo Valley in Ethiopia in 2012-2014 (Mulchandani et
al. 2019) and more recently in Angola in 2016 (Woodall 2016).

Amongtherecentarboviral emergences, the Zika epidemicis, with little doubt, the one that has been
the most reported, the most discussed and probably the most frightening. While first detected on
theisland of Yap in 2007 (Duffy et al. 2009), and next in French Polynesia (Cao-Lormeau et al. 2014),
it has been of major concern when it was associated with neurodevelopmental abnormalities in

Figure 3. Representation of the global alerts on the presence of several arboviruses (dengue, chikungunya, Zika,
yellow fever, Rift Valley Fever, West Nile Virus) in any online sources. The map represents a study done for a period
of one month during May and June 2019.
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new-borns in the northern part of Brazil in 2015 (Rasmussen et al. 2016, Rodrigues 2016). This has
even led, in February 2016, to a declaration of Public Health Emergency of International Concern
by the World Health Organization (WHO 2016).

The delay

One of the major issues with any outbreak is that it calls for a collective action in the timeliest
manner as possible in order to reduce both the spatial and the temporal extension of the disease.
This corresponds then to reducing the delay before a collective action is undertaken. As already
mentioned in the case of responses to global disease outbreaks (Hoffman and Silverberg 2018), the
nature of the delay can be of two types: (1) a delay between the emergence of an outbreak’index
case and the detection of the outbreak by health care providers or public health authorities or (2)
a delay between the outbreak’ detection and the widespread recognition of it as an international
concern.

In order to minimise this delay, there is a need for a rapid response as stated in the COMBI document
(Communication for behavioural impact - A toolkit for behavioural and social communication in
outbreak response) (WHO 2012) and this largely relies on social mobilisation. This is defined by the
WHO as ‘the process of mobilising all societal and personal influences with the aim of prompting
individual and family action’ It is also based on the promotion of the outbreak control with the
idea of mitigating the social disruption by communicating with the public in ways that build,
maintain and restore trust. Overall, speed of reaction to an outbreak is critical but this should be
done in a manner that does not erode the trust of the public nor the expected social mobilisation.

Responses to the outbreak(s)

When considering the responses to several recent arboviral outbreaks it is interesting to look at
the differences of the discussion and rhetoric about outbreak management and vector control
(Figure 4).
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Figure 4. Responses to different outbreaks of arboviral diseases that have occurred in the last 20 years.
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Yellow fever in Angola

When the yellow fever outbreak hit Angola in 2015, the major strategy against it was centred on
vaccination. Indeed, the disease started to spread in the capital city, Luanda, at the end of 2015
and then to five provinces of the country as well as to several other African countries (Democratic
Republic of Congo, Kenya and Morocco) as well as to China because of returning unvaccinated
Chinese workers (Boéte 2016). Given the vaccine shortage leaving a high risk of expansion of the
disease, an interim solution was suggested with the use of a one-tenth-dose vaccination (Monath
et al. 2016). Not only was this evidence of a lack of adequate means in front of an epidemic with
a pathogenic agent known since decades, but also the lack of an efficient regional coordinated
plan to ensure a quick reaction toward an epidemic.

Chikungunya in Reunion Island

Chikungunya emerged in Reunion Island in 2005 (Josseran et al. 2006) and, in the absence of a
vaccine, the response has been on vector control with a variety of tools and methods: the removal
of breeding sites, the use of larviciding as well as the killing of adult mosquitoes with fumigation.

Dengue in Reunion Island

When dengue fever started affecting Reunion Island in 2018, the answer was very similar to the
one against the earlier 2005 chikungunya outbreak and focused again on vector control.

Zika in Brazil

Similarly to other outbreaks, a variety of tools aiming at reducing both the larvae and the adult
populations of mosquitoes has been used in the context of the Zika outbreak in Brazil. However,
contrary to other recent outbreaks, there also has been a strong interest for novel and innovative
approaches and two of them received particular attention: the use of ‘release of insects carrying
a dominant lethal’ (RIDL) (partially-sterile) mosquitoes developed by the British company Oxitec,
and the use of Wolbachia-infected mosquitoes (Yakob and Walker 2016). In the first case, the idea
behind this approach is the theoretical reduction in density of the Ae. aegypti population (Atkinson
et al. 2007) while in the second situation the idea is to replace the local species of mosquitoes by
Wolbachia-infected mosquitoes purportedly unsuitable for Zika replication (Caragata et al. 2016).

As the global concern around Zika arose in 2016, it was important to measure how much
evidence was available about the potential efficiency and deployment of such technologies at
that particular time.

Innovations: do we have (enough) solid evidence?
Wolbachia infection in mosquitoes

There is much hope for the potential use of Wolbachia in the fight against dengue with the
approach limiting (or partially blocking) the replication of the virus (Moreira et al. 2009). Since
several years, there is indeed evidence of the negative impact of the infection of mosquitoes that
carry the Wolbachia strain wMel on dengue replication in both Ae. aegypti (Walker et al. 2011)
and Aedes albopictus (Blagrove et al. 2012). Some of this information was already available and
peer-reviewed at the time of the Zika epidemic in Brazil. At the same time, there was also contrary
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evidence published on the impact of the Wolbachia strain wAIbB on the replication of the West
Nile virus in Culex tarsalis (Dodson et al. 2014).

Disturbingly, however, there was no evidence of a positive or negative impact of Wolbachia-
infected Ae. aegyption the replication of the Zika virus at the time of the epidemic. That information
became available only later in the year (Aliota et al. 2016, Carneiro Dutra et al. 2016).

Release of genetically modified partially-sterile mosquitoes

Regarding the other approach considered by Yakob and Walker (2016), the efficacy of genetically
modified (GM) partially-sterile mosquitoes OX513A developed by Oxitec to control the Zika
epidemic, was also not backed up by solid data. There was no evidence at that time of any positive
impact of their use at curbing the number of cases of infected persons in any arboviral epidemic.
Note that these genetically-modified mosquitoes are often presented as a sterile insect technique,
including by its promoters (Lacroix et al. 2012), while in fact, they are able to produce viable
offspring. Most of the progeny of an OX513A male does indeed not reach adulthood because
late stage larvae or early stage pupae are designed not to survive in the absence of tetracyclin
(an antibiotic). However, studies have shown that about 3 to 5% of the progeny of females that
have mated with GM OX513A males survive in laboratory experiments (Phuc et al. 2007). To make
matters worse, a recent study has even shown the introgression of the transgenic population
of OX513A males into the wild population in Brazil (Evans et al. 2019) increasing the genetic
variability of the target population. The only study conducted in Brazil at the time of the Zika
epidemics was one whose results were reported by Carvalho et al. (2015). While the study was
presented as the suppression of a field population of Ae. aegypti in the suburb of Juazeiro, Bahia,
Brazil, a detailed analysis of the data and especially the ones presented in the supplementary
section reveals a different and less satisfying situation for a number of reasons (Boéte and Reeves
2016) (Figure 5). In fact, Carvalho et al. (2015) do not compare the adult density in the treated area
with the untreated one. There is no direct information about the adult density in the control area.
Another disturbing point about the methodology is a change in the methods for the monitoring
of the adult mosquito populations during the experiments with aspiration being used in the
beginning and mosquito traps later. In their re-analysis of the data, Boéte and Reeves (2016) have
presented the estimates of the adult population size for males and females (Figure 5A) as well as
comparing the frequency of egg positive traps (ovi-index) in the two release areas as well as in the
no-release area (control) (Figure 5B) (Boéte and Reeves 2016). This latter graph clearly shows that
the Ae. aegypti population not only decreased in the two release areas but also in the control one.
This highlights the fact that the release of the OX513A partly sterile mosquitoes did not solely lead
to a major decrease in mosquito density, making it less efficient than it seemed.

Another important comment regarding the RIDL' approach is the statement by the WHO'’s
Vector Control Advisory Group (VCAG) claiming that ‘Results from epidemiological trials remain
the primary missing information for assessment of the public health value of this product.
Epidemiological studies must be carried out to assess the public health value of reducing vector
populations through the application of OX513A’ (WHO 2017a).

Clearly, recommending the use of these two innovative and under development approaches
against Zika appeared as rushing towards methods that at the time had been imperfectly tested.

1 Recently Oxitec has withdrawn the RIDL technology for further use (source: WHO-VCAG) while currently developing a
daughter-killing approach against mosquitoes.
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Figure 5. Re-presented data from the largest trial of ‘release of insects carrying a dominant lethal’ (RIDL)
mosquito population suppression in N.E. Brazil. (A) Data from the only RIDL trial to make direct estimates of adult
population size. Datapoint size is scaled by monthly collecting effort. The reported value of 95% adult suppression
was calculated using only the wild male data (and the frequency of genetically modified males, not shown). (B)
Egg trap data providing the basis for the reported 81% population suppression. Note that while the estimates of
population size based on egg traps have equivalent control data, the estimate of adults does not. This figure is
based on an illustration from Boéte and Reeves (2016).

The absence of solid evidence is not only obvious for their entomological and epidemiological
efficacy but also for the associated unevaluated consequences at the population level.
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Why the obsession?

If the fight against Zika in Brazil was associated with some interest for tools whose evidence about
their efficacy was not clear at that time, one might wonder if this is related to the limitation of our
ability to deploy efficient tools for Aedes management. It may also well be associated with the lure
of the novelty and its associated hype. Clearly, this infatuation for recent and ‘modern’ unproven
approaches is not innocuous and the lack of evidence around them goes along with several risks.

Which risks?

Besides the most obvious risk associated with the use of an inefficient tool with which the problem
cannot be fixed while it is expected to do so, there are also a number of other major flaws. An
incomplete assessment of the tool considered can indeed lead to a premature implementation of
the technology and the deployment of interventions that can be, at minimum, ineffective or, at
worse, be the source of other problems that need to be solved because the associate risks have
not been accurately evaluated. Speed towards the implementation of mis-evaluated approaches
could also be easily associated with misinformed policy debates about the real and objective
benefits and risks. Of course the risks associated with innovation is clearly not a novel topic in the
area of vector control as it has already been the subject of numerous reports and publications
dedicated to GM mosquitoes (Lavery et al. 2008; WHO/TDR & FNIH 2014). However, some reports
were published after the release of such mosquitoes by Oxitec in the Cayman Islands in the fall
of 20009.

As this release took many scientists and the public health world by surprise, since then a number of
reports about the ethics of GM mosquitoes as well as guidelines for their safe and responsible use
have appeared, demonstrating that the scientific world and international organisations consider
the potential risk associated with the introduction of new technologies (WHO/TDR & FNIH 2014,
James et al. 2018); this has led to a different approach to the technology with no release yet until
a range of criteria have been met (NASEM 2016; Johns Hopkins Center for Health Security 2020).

However, and apart from the technical aspects of deploying a tool despite lack of evidence,
there is also a risk of creating a gap between the promises and the deliveries by not fulfilling the
expectations. There is also a real danger to favour or increase the loss in public trust. This clearly
does not get along with the recommendations by the WHO where trust is considered paramount
in the response to an outbreak (WHO 2012).

Finally, another important risk, which may be overlooked by innovators, is the harmful diversion
of research resources as discussed many years ago with the question of the value of investment
in genomics in the fight against malaria (Curtis 2000).

Novel tools: which requirements before application?

In the case of an outbreak it has been seen earlier that minimising the delay between the
emergence or the detection and the collective action is essential. This can then easily lead to haste
in favour of novel and so-called promising tools. There are however a couple of requirements that
should not be overlooked even in such pressing conditions. Among the most obvious ones, the
efficacy is key and it should not only be at the entomological level but also at the epidemiological
one. One should keep in mind that the VCAG recently requested two trials with entomological
and epidemiological endpoints in contrasted epidemiological settings when evaluations of novel
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tools for vector control are conducted. As a corollary, the effectiveness of proposed tools should
enter the equation because cost is often an issue for countries affected by vector-borne diseases.
Considering again the case of the patented GM OX513A mosquito by Oxitec, the question of
cost remains quite vague with important variations in the estimation of the cost per person per
year ranging for a 2-year programme from 10 USD/person/year to more than 40 USD/person/
year (Alfaro-Murillo et al. 2016, Meghani and Boéte 2018, Notimérica 2015). While this may be
related to different contexts, situations or economy of scale, such discrepancy remains troubling
and does not help concerned communities and public health authorities to take informed and
accurate decisions.

As seen earlier as a major point according to the COMBI document dedicated to the fight against
outbreaks (WHO 2012), trust is crucial when a novel tool is considered for implementation; its
corollary being the acceptability by the population.

Obviously the question of trust and acceptability leads to several other points: the way risk
assessments are performed but also how the deliberations and decision-making process are
conducted at the community level (Meghani and Boéte 2018).

Zika outbreak: what was the unexpected?

When considering the Zika epidemic of 2015-2016, the real unexpected aspect of it was the
emergence of neurodevelopmental abnormalities with many microcephaly cases occurring in
Brazil and the magnitude of their occurrence in the northern part of the country. Less surprising is
the vector of Zika, the yellow fever mosquito Ae. aegypti. It is not an unknown vector of arboviral
diseases and, even worse, it has been responsible for several outbreaks of dengue haemorrhagic
fever as well as outbreaks of chikungunya in Brazil in recent years (Nunes et al. 2019).

What seems then essential here is to refrain from undermining the existing tools we have to
conduct vector control actions even if they are imperfect or challenging to use. This is sadly an
old tune we read too often in papers, especially when these latter ones present biotechnological
development even without a potentially efficient use in vector control in the near future. Another
major point is that vectors and vector-borne diseases management are not the only challenges
populations often have to face. As shown for Zika as for many other vector-borne diseases, they
tend to affect more often the poorest of the poor (Human Rights Watch 2017). When considering
Brazil with about seven million houses with no access to rubbish- and waste collection and 10
million houses with no access to clean water (Henriques et al. 2016), there is some doubt that
use of a repellent for personal protection twice a day can be a sustainable solution, as stated by
GOémezetal. (2018).

This calls not only for a questioning the health policies but also for major socio-economic
changes able to alleviate the burden of vector-borne diseases among other challenges human
populations are faced with. Addressing them would permit to avoid the too often use or promises
of a technological fix.

Novel tools: what do professionals expect?

When considering the use and implementation of novel tools in the particular context of an
outbreak, it is interesting to notice that the incentive to use them usually arises from members
of the academic world or from developers of such novelties. If referring to the recommendations

Christophe Boéte - 97% 6868957

Downloaded from Brill.com 03/07/2024 02:57:43PM

via Open Access. This content is licensed under the CC-BY-NC-ND license.
https://creativecommons.org/licenses/by-nc-nd/4.0/

Innovative strategies for vector control



https://creativecommons.org/licenses/by-nc-nd/4.0/

Christophe Boéte

presented in the WHO report ‘Global Vector Control Response 2017-2030" (which is not specifically
dedicated to the context of outbreaks) it emphasises the success of the existing strategies of
vector control in the global health agenda and the importance of building on broad experience
in favour of existing tools in a process favouring the consultation with the affected communities
(WHO 2017b). Regarding innovative tools, this report recognises their importance but also
recommends that their development follows the recommendations of the VCAG and that the
efficacy on vectors and on human infection should be strongly supported by evidence, which
is too often not the case apart from long-lasting insecticide-treated mosquito nets (LLINs) and
indoor residual spraying (IRS).

Drawing a parallel with a recent Delphi survey (unpublished data, C. Boéte) focusing on the
perception of experts in the field of malaria control with a particular focus on emergency settings
might be useful too. Even if outbreaks are not equivalent to emergency settings as defined by
the WHO (Wisner et al. 2012) it is informative to notice that the favoured novel tools for the
control of malaria both in emergency settings and in non-emergency settings are mostly next-
generation LLINs and IRS whereas high-tech approaches (sterile insect technique via irradiation,
genetic modification of insects for population replacement or suppression) receive a much weaker
support. Clearly, this highlights the fact that the recommended approaches are the ones in the
continuity of the existing tools and their amelioration over disruptive ones. While there is most
likely a balance between on the one hand, the amelioration of available tools and the way we use
them and, and on the other hand, the innovation of new tools, there is also a need for honesty and
reservation when discussing promising results and their potential applications.

Conclusions: next emergence ... the unexpected

If vector control remains the first choice when fighting vector-borne diseases, we should keep in
mind a very simple aspect of vector control: tackling a vector species can affect the transmission
of more than one virus. As a serendipitous fact, keeping Ae. aegypti under control when trying to
avoid dengue epidemics can well limit the occurrence and the spread of a Zika outbreak.

This is clearly valid for a number of known (or unknown) arboviruses and their vectors and
especially for the future potentially emerging or re-emerging and invading ones that one can
hardly and reasonably pick up from a list (Figure 6) of the (more or less known and characterised)
usual suspects.
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Figure 6. Representation of various arboviruses and their potential vectors that may be (or not) involved in the
potential emergence of a vector-borne disease outbreak in the future.

Acknowledgements

| am greatful to Duane J. Gubler for providing the maps indicating the distribution of Aedes aegypti
and dengue in the Americas.

References

Alfaro-Murillo JA, Parpia AS, Fitzpatrick MC, Tamagnan JA, Medlock J, Ndeffo-Mbah ML, Fish D, Avila-Aguero ML, Marin
R, Ko Al and Galvani AP (2016) A cost-effectiveness tool for informing policies on Zika virus control. PLoS Negl Trop
Dis 10: €0004743. https://doi.org/10.1371/journal.pntd.0004743

Aliota MT, Peinado SA, Velez ID and Osorio JE (2016) The wMel strain of Wolbachia Reduces Transmission of Zika virus
by Aedes aegypti. Sci Rep 6: 28792. https://doi.org/10.1038/srep28792

Atkinson MP, Su Z, Alphey N, Alphey LS, Coleman PG, Wein LM (2007) Analyzing the control of mosquito-borne diseases
by a dominant lethal genetic system. PNAS 104: 9540-9545.

Blagrove MS, Arias-Goeta C, Failloux AB and Sinkins SP (2012) Wolbachia strain wMel induces cytoplasmic incompatibility
and blocks dengue transmission in Aedes albopictus. PNAS 109: 255-260. https://doi.org/10.1073/pnas.1112021108

Boéte C (2016) Yellow fever outbreak: o vector control, where art thou? J Med Entomol 53: 1048-1049. https://doi.
0rg/10.1093/jme/tjw087

Boéte C and Reeves RG (2016) Alternative vector control methods to manage the Zika virus outbreak: more haste, less
speed. Lancet Glob Health 4: e363. https://doi.org/10.1016/52214-109X(16)00084-X

Cao-Lormeau V-M, Roche C, Teissier A, Robin E, Berry A-L, Mallet H-P, Sall AA and Musso D (2014) Zika virus, French
Polynesia, South Pacific, 2013. Emerg Infect Dis 20: 1085-1086. https://doi.org/10.3201/eid2006.140138

Caragata EP, Dutra HLC and Moreira LA (2016) Inhibition of Zika virus by Wolbachia in Aedes aegypti. Microbial Cell 3:
293-295.

Carneiro Dutra HL, Rocha MN, Dias FB, Mansur SB, Caragata EP and Moreira LA. (2016) Wolbachia blocks currently
circulating Zika virus isolates in Brazilian Aedes aegypti mosquitoes. Cell Host Microb 19: 771-774.

Carvalho DO, McKemey AR, Garziera L, Lacroix R, Donnelly CA, Alphey L, Malavasi A and Capurro ML (2015) Suppression
of a field population of Aedes aegypti in Brazil by sustained release of transgenic male mosquitoes. PLoS Negl Trop
Dis 9: e0003864. https://doi.org/10.1371/journal.pntd.0003864

Christophe Boéte - 97%8?96868957

Downloaded from Brill.com 03/07/2024 02:57:43PM

via Open Access. This content is licensed under the CC-BY-NC-ND license.
https://creativecommons.org/licenses/by-nc-nd/4.0/

Innovative strategies for vector control



https://doi.org/10.1371/journal.pntd.0004743
https://doi.org/10.1038/srep28792
https://doi.org/10.1073/pnas.1112021108
https://doi.org/10.1093/jme/tjw087
https://doi.org/10.1093/jme/tjw087
https://doi.org/10.1016/S2214-109X(16)00084-X
https://doi.org/10.3201/eid2006.140138
https://doi.org/10.1371/journal.pntd.0003864
https://creativecommons.org/licenses/by-nc-nd/4.0/

Christophe Boéte

Chen R, PuriV, Fedorova N, Lin D, Hari KL, Jain R, Rodas JD, Das SR, Shabman RS and Weaver SC (2016) Comprehensive
genome scale phylogenetic study provides new insights on the global expansion of chikungunya virus. J Virol 90:
10600-10611. https://doi.org/10.1128/JV1.01166-16

Curtis CF (2000) Infectious disease - the case of deemphasizing genomics in malaria control. Science 290: 1508-1508.
https://doi.org/10.1126/science.290.5496.1508

Dodson BL, Hughes GL, Paul O, Matacchiero AC, Kramer LD and Rasgon JL (2014) Wolbachia enhances West Nile virus
(WNV) infection in the mosquito Culex tarsalis. PLoS Negl Trop Dis 8: €2965. https://doi.org/10.1371/journal.
pntd.0002965

Duffy MR, Chen TH, Hancock WT, Powers AM, Kool JL, Lanciotti RS, Pretrick M, Marfel M, Holzbauer S, Dubray C,
Guillaumot L, Griggs A, Bel M, Lambert AJ, Laven J, Kosoy O, Panella A, Biggerstaff BJ, Fischer M and Hayes EB
(2009) Zika virus outbreak on Yap Island, Federated States of Micronesia. N Engl J Med 360: 2536-2543. https://doi.
0rg/10.1056/NEJMoa0805715

Evans BR, Kotsakiozi P, Costa-da-Silva AL, loshino RS, Garziera L, Pedrosa MC, Malavasi A, Virginio JF, Capurro ML and
Powell JR (2019) Transgenic Aedes aegypti mosquitoes transfer genes into a natural population. Sci Rep 9: 13047.
https://doi.org/10.1038/541598-019-49660-6

Gomez EJ, Perez FA and Ventura D (2018) What explains the lacklustre response to Zika in Brazil? Exploring institutional,
economic and health system context. BMJ Glob Health 3: e000862. https://doi.org/10.1136/bmjgh-2018-000862

Gorgas WC (1901) Results in Havana during the year 1901 of disinfection for yellow fever. Lancet 160: 667-670.

Gorgas WC (1905) Sanitary conditions as encountered in Cuba and Panama, and what is being done to render the canal
zone healthy. Med Ret 67: 162.

Gubler DJ (2011) Dengue, urbanization and globalization: the unholy trinity of the 215t century. Trop Med Health 39:
3-11. https://doi.org/10.2149/tmh.2011-505

Henriques CMP, Duarte E and Garcia LP (2016) Desafios para o enfrentamento da epidemia de microcefalia. Epidemiol
Serv Saude 25: 7-10.

Hoffman SJ and Silverberg SL (2018) Delays in global disease outbreak responses: lessons from H1N1, Ebola, and Zika.
Am J Public Health 108: 329-333. https://doi.org/10.2105/AJPH.2017.304245

Human Rights Watch (2017) Neglected and unprotected: the impact of the Zika outbreak on women and girls in
northeastern Brazil. Available at: https://tinyurl.com/y5j3Ixkk.

James S, Collins FH, Welkhoff PA, Emerson C, Godfray HCJ, Gottlieb M, Greenwood B, Lindsay SW, Mbogo CM, Okumu
FO, Quemada H, Savadogo M, Singh JA, Tountas KH, and Toure YT (2018) Pathway to deployment of gene drive
mosquitoes as a potential biocontrol tool for elimination of malaria in Sub-Saharan Africa: recommendations of a
scientific working group. Am J Trop Med Hyg 98: 1-49.

Johns Hopkins Center for Health Security (2020) Gene drives: pursuing opportunities, minimizing risk. Johns Hopkins
Center for Health Security, Baltimore, MD, USA.Available at: https://tinyurl.com/yylo3u8y.

Josseran L, Paquet C, Zehgnoun A, Caillere N, Le Tertre A, Solet JL and Ledrans M (2006) Chikungunya disease outbreak,
Reunion Island. Emerg Infect Dis 12: 1994-1995. https://doi.org/10.3201/eid1212.060710

Killeen GF (2003) Following in Soper’s footsteps: northeast Brazil 63 years after eradication of Anopheles gambiae.
Lancet Infect Dis 3: 663-666.

Killeen GF, Fillinger U, Kiche I, Gouagna LC and Knols BG (2002) Eradication of Anopheles gambiae from Brazil: lessons
for malaria control in Africa? Lancet Infect Dis 2: 618-627.

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, Labbe G, Beech C, Nimmo
D, Alphey L, Vasan SS, Han Lim L, Wasi AN and Murad S (2012) Open field release of genetically engineered sterile
male Aedes aegypti in Malaysia. PLoS One 7: e42771. https://doi.org/10.1371/journal.pone.0042771

Lavery JV, Harrington LC and Scott TW (2008) Ethical, social, and cultural, considerations for site selection for research
with genetically modified mosquitoes. Am J Trop Med Hyg 79: 312-318.

Meghani Z and Boéte C (2018) Genetically engineered mosquitoes, Zika and other arboviruses, community engagement,
costs, and patents: ethical issues. PLoS Negl Trop Dis 12: €0006501. https://doi.org/10.1371/journal.pntd.0006501

230 Innovative strategies forvector cortrol """

Downloaded com 03/07/2024 02:57:43PM
via Open Access. This content is licensed under the CC-BY-NC-ND license.
https://creativecommons.org/licenses/by-nc-nd/4.0/



https://doi.org/10.1128/JVI.01166-16
https://doi.org/10.1126/science.290.5496.1508
https://doi.org/10.1371/journal.pntd.0002965
https://doi.org/10.1371/journal.pntd.0002965
https://doi.org/10.1056/NEJMoa0805715
https://doi.org/10.1056/NEJMoa0805715
https://doi.org/10.1038/s41598-019-49660-6
https://doi.org/10.1136/bmjgh-2018-000862
https://doi.org/10.2149/tmh.2011-S05
https://doi.org/10.2105/AJPH.2017.304245
https://tinyurl.com/y5j3lxkk
https://tinyurl.com/yylo3u8y
https://doi.org/10.3201/eid1212.060710
https://doi.org/10.1371/journal.pone.0042771
https://doi.org/10.1371/journal.pntd.0006501
https://creativecommons.org/licenses/by-nc-nd/4.0/

12. Innovations and the control of arboviral outbreaks

Monath TP, Woodall JP, Gubler DJ, Yuill TM, Mackenzie JS, Martins RM, Reiter P and Heymann DL (2016) Yellow fever
vaccine supply: a possible solution. Lancet 387: 1599-1600. https://doi.org/10.1016/50140-6736(16)30195-7

Moreira LA, Iturbe-Ormaetxe |, Jeffery JA, Lu G, Pyke AT, Hedges LM, Rocha BC, Hall-Mendelin S, Day A, Riegler M, Hugo
LE, Johnson KN, Kay BH, McGraw EA, Van den Hurk AF, Ryan PA and O'Neill SL (2009) A Wolbachia symbiont in Aedes
aegyptilimits infection with dengue, chikungunya, and Plasmodium. Cell 139: 1268-1278. https://doi.org/10.1016/j.
cell.2009.11.042

Mulchandani R, Massebo F, Bocho F, Jeffries CL, Walker T and Messenger LA (2019) A community-level investigation
following a yellow fever virus outbreak in South Omo Zone, South-West Ethiopia. Peer J 7: €6466. https://doi.
0rg/10.7717/peer].6466

NASEM (2016) Gene drives on the horizon: advancing science, navigating uncertainty, and aligning research with
public values. National Academies of Sciences, Engineering, and Medicine, Washington, DC, USA. https://doi.
org/10.17226/23405

Notimérica (2015) Més de 10 millones de mosquitos transgénicos ya luchan contra el dengue en Brasil. Available at:
https://tinyurl.com/y5a82mqf.

Nunes PCG, Daumas RP, Sanchez-Arcila JC, Nogueira RMR, Horta MAP and dos Santos FB (2019) 30 years of fatal dengue
cases in Brazil: a review. BMC Publ Health 19: 329. https://doi.org/10.1186/512889-019-6641-4

Phuc HK, Andreasen MH, Burton RS, Vass C, Epton MJ, Pape G, Fu G, Condon KC, Scaife S, Donnelly CA, Coleman PG,
White-Cooper H and Alphey L (2007) Late-acting dominant lethal genetic systems and mosquito control. BMC Biol
5:11. https://doi.org/10.1186/1741-7007-5-11

Rasmussen SA, Jamieson DJ, Honein MA and Petersen LR (2016) Zika virus and birth defects - reviewing the evidence
for causality. N Engl J Med 374: 1981-1987. https://doi.org/10.1056/NEJMsr1604338

Rodrigues LC (2016) Microcephaly and Zika virus infection. Lancet 387: 2070-2072. https://doi.org/10.1016/50140-
6736(16)00742-X

Skarbo S (2019) Warning to Russian tourists over dengue fever in Thailand. The Siberian Times, Novosibirsk. Available
at: https://tinyurl.com/y38oqsr4.

Walker T, Johnson PH, Moreira LA, lturbe-Ormaetxe |, Frentiu FD, McMeniman CJ, Leong YS, Dong Y, Axford J, Kriesner
P, Lloyd AL, Ritchie SA, O'Neill SL and Hoffmann AA (2011) The wMel Wolbachia strain blocks dengue and invades
caged Aedes aegypti populations. Nature 476: 450-453. https://doi.org/10.1038/nature10355

Weaver SC and Lecuit M (2015) Chikungunya virus and the global spread of a mosquito-borne disease. N Engl J Med
372:1231-1239. https://doi.org/10.1056/NEJMra1406035

WHO (2012) Communication for behavioural impact (COMBI) - A toolkit for behavioural and social communication in
outbreak response, WHO/HSE/GCR/2012.13. World Health Organization, Geneva, Switzerland. Available at: https://
tinyurl.com/yy;j8ej7k.

WHO (2016) WHO statement on the first meeting of the International Health Regulations (2005) Emergency Committee
on Zika virus and observed increase in neurological disorders and neonatal malformations. World Health
Organization, Geneva, Switzerland. Available at: https://tinyurl.com/y44btsko

WHO (2017a) Seventh meeting of the vector control advisory group (VCAG). World Health Organization, Department of
Control of Neglected Tropical Diseases, Geneva, Switzerland. Available at: https://tinyurl.com/yxhzdsxc

WHO (2017b) Global vector control response 2017-2030. World Health Organization, Geneva, Switzerland.

WHO/TDR & FNIH (2014). Guidance framework for testing of genetically modified mosquitoes. World Health
Organization, Geneva, Switzerland. Available at: https://tinyurl.com/y5pkcmy3

Wisner B, Adams J and WHO (2012) Environmental health in emergencies and disasters: a practical guide. World Health
Organization, Geneva, Switzerland. Available at: https://tinyurl.com/yye7Im9e

Woodall JP (2016) Another pandemic disaster looms: yellow fever spreading from Angola. Pan Afr Med J 24: 107-107.
https://doi.org/10.11604/pam;j.2016.24.107.9921

Yakob L and Walker T (2016) Zika virus outbreak in the Americas: the need for novel mosquito control methods. Lancet
Glob Health 4: e148-149. https://doi.org/10.1016/52214-109X(16)00048-6

Christophe Boéte - 97%?6868957

Downloaded from Brill.com 03/07/2024 02:57:43PM

via Open Access. This content is licensed under the CC-BY-NC-ND license.
https://creativecommons.org/licenses/by-nc-nd/4.0/

Innovative strategies for vector control



https://doi.org/10.1016/S0140-6736(16)30195-7
https://doi.org/10.1016/j.cell.2009.11.042
https://doi.org/10.1016/j.cell.2009.11.042
https://doi.org/10.7717/peerj.6466
https://doi.org/10.7717/peerj.6466
https://doi.org/10.17226/23405
https://doi.org/10.17226/23405
https://tinyurl.com/y5a82mqf
https://doi.org/10.1186/s12889-019-6641-4
https://doi.org/10.1186/1741-7007-5-11
https://doi.org/10.1056/NEJMsr1604338
https://doi.org/10.1016/S0140-6736(16)00742-X
https://doi.org/10.1016/S0140-6736(16)00742-X
https://tinyurl.com/y38oqsr4
https://doi.org/10.1038/nature10355
https://doi.org/10.1056/NEJMra1406035
https://tinyurl.com/yyj8ej7k
https://tinyurl.com/yyj8ej7k
https://tinyurl.com/y44btsko
https://tinyurl.com/yxhzdsxc
https://tinyurl.com/y5pkcmy3
https://tinyurl.com/yye7lm9e
https://doi.org/10.11604/pamj.2016.24.107.9921
https://doi.org/10.1016/S2214-109X(16)00048-6
https://creativecommons.org/licenses/by-nc-nd/4.0/

