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Executive Summary
Aedes aegypti, a cosmophilic species, is the primary vector of several arboviruses such as
dengue fever, Chikungunya, andyellow fever. The species is typically anthropophilic,
breeding around or inside houses. Until now, there are no specific treatments or effective
vaccines to fight dengue fever, yet disease monitoring and vector control programs are the
only methods available for dengue prevention. However, these measures largely involve
insecticide-based programs that are expensive to apply and maintain in the long run.
Therefore, development of new methods for effective control of Aedes aegypti using
Wolbachia is of great global significance.
The Eliminate Dengue Project is a large multi-institution research program led by Professor
Scott O’Neill, Dean of Science at Monash University. It is developing a new approach to
control mosquito-borne diseases such as dengue and malaria1. The work is funded primarily
through the Grand Challenges in Global Health initiative of the Bill & Melinda Gates
Foundation.
A Vietnam Risk Assessment was conducted following the Risk Analysis Framework
developed by the Australian Office of the Gene Technology Regulator (OGTR). The risk
analysis process was undertaken over a 3-month period and involved a series of meetings
and one expert elicitation workshop involving both technical expert scientists and general
community representatives (non-technical experts) to capture all possible hazards that might
be of concern, to estimate the likelihood of these hazards occurring over a 30 year time
period and finally the consequences if they did occur. A panel of national independent
experts were chosen to complete a thorough risk assessment of the Eliminate Dengue
Project, ensuring that it was independently undertaken with appropriate methodology to the
Vietnam context..
Several stages of expert elicitation were undertaken to estimate the risk related to the
release of Wolbachia infected Ae. Aegypti in Tri Nguyen Island, Khanh Hoa province, to
prevent the transmission of dengue.
•

The risk assessment was carried out against the adverse endpoint that the release
would cause more harm than that provided by naturally occurring Ae. Aegypti within a
30 year time frame from release (‘Cause More Harm’).

•

Stage one included hazard identification and mapping through an expert elicitation
workshop resulting in a total of 48hazards. The causal relationship between the
hazards was also developed using BBNs under four sub-trees of “Cause More Harm”,
including: “Worse Ecology”, “Worse Management Efficacy”, “Worse Public Health”,
and “Adverse Socio-economics”.

The likelihood elicitation stage was conducted on the question of assigning
likelihoods of hazard failure in a Bayesian Belief Net (BBN). A set of likelihoods was
elicited for the consensus summary (child nodes). This provided an estimate of 98%
that ‘Cause More Harm’ would not occur. Failure likelihoods of the negative
‘Ecological impacts’ is 98%, ‘Mosquito management efficacy’ is 94%, ‘Public health’ is
100%, and ‘Economic effects’ is 99%.
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•

The final stage was to undertake consequence calculations and a risk estimate from
the 48 hazards. Two hazards were estimated at “very low risk”, including “Transfer
to predators” and “Transfer to humans”. The remaining 46 hazards were estimated at
“negligible risk” including the adverse endpoint of ‘Cause More Harm’.

Overall conclusion
It is estimated that there would be a negligible risk of the release of Ae. aegypti containing
Wolbachia resulting in more harm than that currently caused by naturally occurring Ae.
aegypti over a 30 year timeframe.
Recommendations
Although the estimated likelihood and consequences of the possible hazards were identified
and ranked by the experts at the negligible level, the team would recommend the project to
pay attention to the following measures in planning for and monitoring the project: “Pilot Field
Trial of Aedes aegypti mosquitoes infected with the Wolbachia pipientis bacteria to reduce
the ability of mosquitoes to transmit the dengue virus in Tri Nguyen village, Hon Mieu Island,
Khanh Hoa province”:

•

•

It is necessary that when releasing Wolbachia infected mosquitos all related legal
documents of Vietnam such as Law on Biodiversity, the Regulations on Imported
Animal and Invasive Alien Species Guaranty, etc.

•

During the field release, it is necessary to control and keep Wolbachia Aedes aegypti
population absolutely separated from outside Aedes aegypti populations

•

Beside the establishment and implementation of a monitoring and supervision plan,
the project should develop a preparedness plan in order to detect and promptly
respond to any risks that eventuate. The project should also ensure local biosafety
regulations and management procedures are followed should hazards occur.

•

All necessary measures to respond to a potential dengue outbreak should be
prepared and available for the pilot site

•

As a Wolbachia infected Aedes aegypti release has been piloted in Australia, it is
suggested that the Vietnam project can benefit from the Australian experience for
mitigating risks that may have occured in Australia.

•

Guidelines for laboratory multiplication, isolated small scale and release trials of
Wolbachia infected mosquitoes needs to be developed based on the available
scientific evidenceon Wolbachia and adopted at the national level to reduce any risk.
The project needs to continue community engagement activities and ensure that local
people are kept sufficiently informed and understand the pilot release project.
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1. Introduction
Using Wolbachia sp. is a new concept in controlling the destructive dengue fever (DF)
disease in human beings worldwide and also in Vietnam. Transferred by common
mosquitoes, dengue fever is one of the most dangerous diseases in Vietnam. It is well known
that typical tropical climatic conditions are very suitable for development of the primary
dengue vector, Aedes aegypti. According to available research, there has not been many
effective control measures to tackle DF disease. Globally scientists have attempted to
conducted research projects to try and find solutions to eradicate DF, however broad use of
mosquito-targeted insecticide is still considered the main response to a dengue outbreak.
Therefore, this novel technology using a specific bacterium to eradicate the virus is a very
promising solution to help the people of Vietnam as well as other countries where dengue
persists.
The Vietnam Risk Assessment was conducted following the Risk Analysis Framework
developed by the Australian Office of the Gene Technology Regulator (OGTR). This
framework provides guidance on the risk analysis process for the release of genetically
modified organisms (GMO). The OGTR has already ruled that mosquitoes containing
Wolbachia are not considered to be GMOs. However, the format required by the OGTR
provides an appropriate structure for a proposal to release an organism with a novel
modification into the environment. The Vietnam risk assessment therefore provided a
Vietnam context of the three organisms pertinent to the risk analysis; the host organism
Aedes aegypti, the dengue virus, and the Wolbachia bacteria responsible for the
modification. The risk assessment also focused on human behavior that occurs when a
population believes it is not at risk of the disease. A workshop hosting national and
international experts was conducted to solicit information and analysis (see expert list).
A team of independent national consultants was recruited to complete a thorough risk
assessment of the Eliminate Dengue Project. The team consisted of a Team Leader, an
Aedes aegypti expert, a dengue virus expert, an environmental health specialist and an
expert in risk assessment methodology. There were a number of preparation and solicitation
workshops to gather opinion and evidence that form this analysis.
Terminologies used in the report
Harm

Harm is referred to as an adverse outcome or impact; this is usually
framed in terms of harm to human health and safety or to the
environment

Hazard

Hazard is an adverse effect on human and the environment from the
occurrence of the environmental stressor. A hazard can occur only if
exposure occurs. A hazard does not always result in harm. Given a level
of exposure, a hazard has a certain probability of occurring and a certain
expected magnitude.

Risk

Risk is the likelihood of occurrence of a hazard; this can be estimated as
the likelihood of exposure times, the conditional likelihood of the hazard
given that exposure occurs.

The structure and contents of the report are as follow
•
•
•

The first part of the report provides a concise introduction to the risk assessment.
In the second part, a comprehensive background provides all necessary information
about Ae. aegypti, infected Wolbachia, and the Vietnam Eliminate Dengue Project
The third part, a brief introduction about objectives, methodologies, and scope of the
risk assessment.
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•

•

The fourth, fifth, sixth, and seventh parts summarize the findings from different steps
of the risk analysis, respectively, including: Hazard identification and mapping, hazard
likelihood, consequence, and risk estimation, and the final “cause more harm”
calculation.
The final part of the report is an overall discussion with conclusions and
recommendations

The RA team from right to left: Ms Duong Thu Huong, Dr. Nguyen Viet Hung, Prof. Nguyen
Van Tuat, Dr. Nguyen Dinh Cuong, Prof. Truong Quang Hoc and Prof. Truong Uyen Ninh
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2. Background
2.1

Aedes aegypti

Scientific name: Aedes (stegomyia) aegypti (Linnaeus) (Insecta: Diptera: Culicidae)
Synonymy
1762

Culex aegypti Linnaeus

1848

Culex excitans Walker

1828

Culex taeniatus Weidemann

1962

Aedes aegypti Mattingly, Stone, and Knight

(From the Integrated Taxonomic Information System and International Commission on
Zoological Nomenclature)
Commonly known as the yellow fever mosquito, Aedes aegypti (Linnaeus) (other name: the
Egyptian tiger mosquito), is a cosmophilic species. Originating in Africa, it was most likely
brought to the new world on ships used for European exploration and colonization (Nelson
1986). As the common name suggests, Aedes aegypti is the primary vector of yellow fever
which is prevalent in tropical South America, Africa and Southeast Asia, and often emerges
in temperate regions during summer months.
2.1.1. Taxonomy
There are currently more than 3,000
mosquito species in the world grouped in
approximately 39 genera and 135
subgenera. The genus Aedes (Diptera:
Culicidae) contains at least 700 species
and is divided into a number of subgenera including Aedes and Stegomyia.
Two Aedes aegypti strains are
recognized, Aedes aegypti aegypti and
Aedes
aegyptiformosus.Aedes
aegyptiformosus
is
African
in
distribution, prefers natural breeding
sites (is partially sylvatic) and is less
anthropophilic
than
the
globally
widespread Aedes aegypti aegypti which
is associated with the transmission of
dengue viruses (Mousson et al. 2005).

Figure 1.Life cycle of yellow-fever mosquito
(Aedes aegypti)

In Vietnam, 205 mosquito species have
been currently described, including 47 Aedes species (Bui P., Darsie RF Jr., 2008; Nguyen
Duc Manh and Tran Duc Hinh, 2011). Two Aedes species, namely Aedes aegypti and Aedes
albopictus have been determined as primary vectors of dengue fever in the country

2.1.2. Bionomy
2.1.2.1. Life cycle
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Aedes aegypti is a holometabolous insect, meaning that it goes through a complete
metamorphosis with an egg, larva, pupa, and adult stage (Fig. 1). An egg laid on the surface
of the water hatches into an aquatic larva. The larva changes into an aquatic pupa, which
then changes into a free-flying adult. The adult female bites humans to gather blood for
laying eggs.
Adults
An adult’s life span can range from two weeks to a month depending on environmental
conditions (Maricopa, 2006). Males have a lifespan of around two weeks compared to the
females that can live for several months.
Adult Aedes aegypti mosquito has a relatively small size with a brownish-black body. Both its
body and legs are covered in patterned scales with white lines. At the back of the body are
two vertical curved lines on the left and right also patterned silvery white lines that has
become characteristic of this species. Like other species, males are generally smaller than
females and have thick hairs on the antennae. Both these features can be observed with the
naked eye.
Aedes aegypti comes in three polytypic forms: domestic, sylvan, and peridomestic. Domestic
mosquitoes breed in urban habitats, often around or inside houses, while sylvan onesare a
more rural form, and breed in tree holes, generally in forests. The peridomestic form thrives
in environmentally modified areas such as coconut groves and farms (Tabachnick et al.,
1978). Being peridomestic, Aedes aegypti is found not far from human dwellings (Vezzani et
al. 2005). Adults frequently reside in dwellings in darkly lighted closets, cabinets, or
cupboards, and are reported to fly only a few hundred yards from breeding sites.
The species, which is particularly abundant in towns and cities, is an early morning or late
afternoon feeder, but females will take a blood-meal at night under artificial illumination.
Human blood is preferred over other animals with the ankle area as a favored feeding site
(Yasuno & Tonn 1970; Harrington et al. 2001; Scott et al., 2000). Multiple blood meals may
be taken from different hosts during each oviposition cycle (Scott et al., 1993; Michael et al.,
2001;). Males do not need blood, and obtain energy from the nectar of flowers or plants, but
females suck blood to obtain the protein necessary to reproduce.

Figure 2. Breeding sites of Aedes aegypti
Eggs
After taking a complete blood meal, females produce on average 100 to 200 eggs per batch;
however, the number of eggs produced is dependent on the size of the blood meal. Females
6
	
  

can produce up to five batches of eggs during a lifetime. A smaller blood meal produces
fewer eggs (Nelson, 1986). Eggs are laid on damp surfaces in areas likely to temporarily
flood, such as tree holes and man-made containers, and are laid singly, rather than in a
mass (Fig. 2). Not all the eggs are laid at once, but they can be spread out over hours or
days, depending on the availability of suitable substrates (Clements, 1999). Most often, eggs
will be placed at varying distances above the water line, and a female will not lay the entire
clutch at a single site, but rather spread out the eggs over two or more sites (Foster and
Walker, 2002).
Eggs of Aedes aegypti are long, smooth, ovoid shaped, and approximately one millimeter
long. When first laid, eggs appear white but turn shiny black within minutes. In warm
climates, such as the tropics, eggs may develop in as little as two days, whereas in cooler
temperate climates, development can take up to a week (Foster and Walker, 2002). Aedes
aegypti eggs can survive desiccation for months and hatch once submerged in water,
making the control of Aedes aegypti difficult (Nelson, 1984). They can even resist
dehydration for up to 1 year and will hatch when flooded by water that is deoxygenated.
Artificial containers such as cans, jars, urns, rainwater containers (Chadee, 2004;
Montgomery & Ritchie, 2002; Montgomery et al., 2004), or old automobile tires provide an
excellent larval habitat and an adult resting site. In tropical climates, larvae are also
encountered in natural water retaining cavities in tree holes and herbaceous plants.
Fecundity varies with ranges from 47.1 ± 14.2 to 307.4 ± 86.4 eggs per female in
Argentinean populations (Tejerina et al., 2009) and >300 eggs/female reported in two
Indonesian populations (Wahyuningsih et al., 2006), and from 60 to 100 eggs per batch in
Vietnamese populations2.
Larvae
Eggs become larvae in 1 to 2 days. The development of larvae has four stages of so-called
instar. A5-day period is required for larvae growth from instar 1 to instar 4. Mosquito larvae
are often called "wrigglers" or "wigglers," because they appear to wiggle sporadically in the
water when disturbed. They breathe oxygen through a posterior located siphon, which is held
above the water surface while the rest of the body hangs vertically.
Pupae
After the fourth instar, Aedes aegypti enter the pupal stage. Mosquito pupae are different
from many other holometabolous insects in that the pupae are mobile and respond to stimuli.
Pupae, also called "tumblers," do not feed and take approximately two days to develop.
Adults emerge by ingesting air to expand the abdomen thus splitting open the pupal case
and emerge head first.
2.1.2.2.

Seasonality

The species is summer-active in the north and active all year in the south. Unlike some other
Aedes spp., Aedes aegypti does not overwinter in the egg stage in colder climates, but
southern populations remain reproductively active during winter and are periodically inactive
during cold periods. Adults are killed by temperatures below freezing and do not survive well
at temperatures below 5 degrees Celsius. Longevity is affected by larval nutrition,
temperature and humidity. On average, females live up to a month, but males die sooner.
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2.1.3. Geographic distribution
Aedes aegypti originates from Africa, but is now distributed globally in tropical and
subtropical regions (Fig. 3). Global redistribution was assisted by mass human migrations,
first to the New World associated with the slave trade between the 15 to 19 centuries and
secondly to Asia as a result of trade during the 18 to 19 centuries. A third, more thorough
worldwide distribution occurred after the Second World War (Mousson et al., 2005).
Worldwide, this species has a cosmopolitan range extending from 40 degrees N to 40
degrees S latitude.

Figure 3.Worldwide distribution of dengue fever and host Aedes aegypti as at 2009
Scientists recently modeled the estimated baseline population at risk for dengue infection in
1990 (A) and in 2085 (B) using climate data for 1961–1990 and projections for humidity
change—a function of climate change—for 2080–2100 (Fig.4). Ranges above indicate
percentage of the population at risk: 0–10%, 10–20%, etc. However, many scientists do not
agree that climate change will appreciably alter the risk of dengue.
In Vietnam, the current distribution of Aedes aegypti covers the majority of the country. While
predominately in the South of the country, Aedes aegypti can also be found in most areas
during the wet season. This range is reflected in Fig. 5 below from Kawada et al., (2009)
showing the distribution of Aedes aegypti (red) and Aedes albopictus (yellow) larvae found in
used tires. While this is not the preferred breeding site for Aedes aegypti, it does give a
general indication of the spread of Aedes aegypti throughout the country.
Medical importance
Aedes aegypti are pests. Their bites cause minor localized itching and irritation to the skin,
and can make an outdoor adventure very unpleasant. Most bites are not medically
significant, but can be annoying. While many mosquitoes bite at night, dawn or dusk, Aedes
aegypti readily bite during the day and indoors as well as outdoors.
There are four dengue virus serotypes all of which can cause dengue fever (DF) and dengue
hemorrhagic fever (DHF), a more severe and potentially fatal form of the disease. Dengue
imposes a significant global disease burden with some 2.5 billion people - 40% of the world’s
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population - at risk of infection. The World Health Organization (WHO) reports 50 to 100
million cases of dengue annually.

Figure 4. World distribution of dengue fever in 1990 (A) and of dengue fever projected for
2085 (B)3
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Source: Hales S. et al., 2002. Potential effect of population and climate changes on global distribution
of dengue fever: an empirical model. Lancet 360:830–834
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Figure 5. Distribution of Aedes aegypti (red) and Aedes albopictus (yellow) in
Vietnam (Kawada et al., 2009)
In recent decades there has been a global resurgence of epidemic DF and DHF. Many
factors are responsible for this widespread increase in dengue activity, however, it is clear
that rapid population growth, urbanization and increased international air travel have all been
driving forces associated with the explosive increase in dengue incidence. Rapid population
growth and poorly planned urbanization has led to substandard housing, inadequate water
supply and waste management systems. Consequently, storage of drinking water and other
urban water sources (e.g. old tires, litter) provides habitat for mosquito larvae of Aedes
aegypti, the principal dengue vector. As they are adapted to these domestic environments,
their distribution in urban areas has expanded. In addition, increased air travel has facilitated
the spread of dengue strains and serotypes between regions, increasing the prevalence of
hyper-endemicity and the risk of DHF.
Currently, there are no specific treatments or effective vaccines to fight dengue
fever.Therefore disease monitoring and vector control programs are the only methods
available for dengue prevention. However, these measures largely involve insecticide-based
programs that are expensive to maintain and large-scale application often carry considerable
risks.
In Vietnam, Aedes aegypti was recognized in the beginning of Century 20 (Borel, 1930). The
fist case of haemorrhagic fewer was recognized in 1958 in Da Nang city. Recently, dengue
fever cases have been rising, especially in the South (Figs 6, 7). The reasons may be due to
higher insecticide resistance of the mosquito vectors, improvements in water supply
infrastructure (increase in breeding sites) and influences of climate change.
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Figure 6.Dengue fever transmission in Vietnam

Figure 7.Dengue cases in Vietnam (MoH, 2010)
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2.1.4. Management
It is difficult to control Aedes aegypti. For example, in 1947, the Pan American Health
Organization implemented an eradication program for Aedes aegypti in the hopes of
eliminating yellow fever outbreaks in the Western hemisphere. In 1965, Florida initiated an
Aedes aegypti eradication program through the 67 county health departments and the U.S.
Public Health Service to prevent yellow fever and dengue outbreaks (Florida State Board of
Health, 1965). As of 1965, 19 countries had completed the program and were declared
Aedes aegypti free (Soper, 1965). After the eradication program ended, low doses of
malathion were used for control, but Aedes aegypti rapidly developed resistance to the
pesticide (Gubler, 1989).
Unfortunately, Aedes aegypti has established itself throughout the Americas and has
expanded its range in the United States. No eradication program is currently operational, but
there are several steps individuals can take to reduce localized mosquito numbers. Because
Aedes aegypti are container-inhabiting mosquitoes, one of the most successful and costeffective methods to reducing populations is by preventing containers around the home from
collecting water.
The following measures are generally being used for the mosquito control:
2.1.4.1.

Biological measures

Eliminate egg-laying water bodies by turning over empty flowerpots, properly maintaining fish
ponds, and removing unused tires, greatly reducing the number of places mosquitoes can
have to lay eggs. Aerate aquariumsand make sure gutters are free of blockages. Clean pet
bowls everyday and always empty overflow dishes for potted plants.
2.1.4.2.

Physical control

Physical control methods focus on excluding mosquitoes from the indoors and include the
following:
•
•
•
•
•

Install screens that are 16 to 18 mesh.
Keep doors closed if not screened.
Caulk cracks and crevices where insects can enter.
Use a fly swatter for the occasional mosquito that is inside.
Electricity traps

2.1.5.3. Chemical Control
A number of products and materials can be used alone or in combination to control
mosquitoes. These control methods can be directed toward either larvae or adults and thus
are categorized as larvicides or adulticides. In Vietnam, the use of larvicides is banned by the
Ministry of Health to protect the quality of household drinking water.
2.1.5.4. Bio-control: using different predators:
•
•
•

2.2

Larvivorous fish
Toxorhynchites spp
Mesocyclops spp

Wolbachia
12

	
  

2.1.1

Characteristics

Wolbachia are obligate intracellular endosymbiotic bacteria belonging to the order
Rickettsiales and are classified as strains of one species- Wolbachia pipentis (Perman et
al.2006). Rickettsiales appear to have a more dynamic genome with more repeats and labile
genetic components than found in other eukaryote inhabiting bacteria (Wernegreen.2005)
and include unique bacteriophage designated as WO phage (Sanogo et. al. 2005) which may
be associated with Cl (Bordenstein& Reznikoff 2005). Wolbachia genomes range in size from
about 1to1.6 Mb for wMel (Wu et al.2004). The major genetic difference between wMelPop is
a single genomic inversion (Sun et al. 2003). wMel was thought to contain large amounts of
repeated DNA mobile genetic elements (Who at al.2004) although subsequently it was found
to have a smaller genome and less mobile elements than in wPip (Klasson et al.2008).
Because both mtDNA and Wolbachia are maternally inherited, Wolbachia have been
associated with decreases in mtDNA diversity (Hurst and Jiggins.2005). Riegler et al. 2005
have found evidence of global wMel sweep in D. melanogaster that carried a particular
mtDNA haplotype into high frequency and Turelli etal. (1992) observed a Wolbachia infection
of D. melanogaster in California where all infected flies had the same mtDNA haplotype.
The bacterium has been observed in a wide range of invertebrates including crabs, mites
and filarial nematodes (Sun et al. 2003) and generally behaves as parasites in arthropod
hosts and as mutualist in nematodes (Fennand Blaxter 2006; Werren et al., 2008; Mercot &
Poinsot 2009). There is currently some controversy as to whether the Wolbachia that infect
filarial nematodes should be classified as a separate species as their biology is quite distinct
to the Wolbachia that infect insects (Pfarr et al. 2007). The presence of Wolbachia can be
detected in the host by PCR using primers specific to Wolbachia such as the Wolbachia
outer surface proteins(Braig et al., 1998; Dobson et al., 1999) or ftsZ (Lo et al., 2002). An
estimated 20% of all insect species contain Wolbachia (Cook and Butchers 1999), but this is
likely an underestimate because of low prevalence infections, inadequate sampling and false
negatives as a result of PCR primer sets not being able to amplify all Wolbachia
(Jeyaprakash & Hoy 2000; Weinert et al.2007). Stevens et al. (2001) suggest that a more
likely figure is that 75% of all arthropod species are infected. Aedes aegypti is not known to
naturally is not known to naturally harbour Wolbachia (Ruang-areerate and Kittaypong 2006)
although many other species of mosquito are known to be infected naturally (Tsai et al.,
2004; Rasgon & Scott 2004).
Wolbachia are maternally transmitted and infect reproductive tissues and manipulate the
host reproductive tissues and reproductive cycle to increase their spread (Stevens et
al.2001; Tram et al. 2003). Reproductive strategies associated with Wolbachia infection
include parthenogenesis, male killing or feminization, sex ratio distortions (Cook and Butcher
1999; Dyson etal. 2002; Hurst et al.2002) and cytoplasmic incompatibility (Cl) (McGraw and
O’Neill 2004). Although exactly how Cl is achieved has not yet been resolved, cytoplasmic
incompatibility offers the potential to control arthropod transmission of disease agents by
providing a drive mechanism by which Wolbachia could invade a target host species and
confer a desirable trait such as virus blocking (Poinsot et al.2003; Kent and Norris 2005). Cl
provides an asymmetric mating advantage to infected females who can mate successfully
with either infected or uninfected males, whereas mating between uninfected males issterile.
Multiple Wolbachia strains may circulate within a host species, leading to super-infections
and bi-directional incompatibility within populations (Hoffmann and Turelli 1988). Wolbachia
induced Cl potentially allows a relatively small number of propagules to drive through an
uninfected population. This has been observed in both the field (Turelli and Hoffmann 1991)
and laboratory, e.g. after Xi et al (2005) successfully introduced the wAlbB strain into an
Aedes aegypti culture they were able to fix it in a caged Aedesaegypti population within
seven generations. Brownstein et al. (2003) used models to show that low initial frequencies
of Wolbachia modified Ae.aegypti (0.2- 0.4) could drive into a population and substantially
reduce dengue transmission, but this was limited by the rate of Cl achieved and any
reduction on host fecundity.
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Wolbachia may induce a range of beneficial, neutral or pathogenic phenotypes in hosts
Stouthamer et al., 1999; Weeks et al.2002), including life extension under dietary restriction
(Mair et al.2005) or life shortening (Min and Benzer 1997), increased immune response to
filarial nematodes (Kambris et al 2009), increased fecundity (Vavre et al., 1999; Wade &
Chang 1995) or reduced fecundity (Hoffmann et al., 1990; Min & Benzer 1997; Silva et al.,
2000; Wenseleers et al., 2002; Wright & Barr 1980), reduced ability to disperse (Silva et
al.2000) and reduced adult survival and locomotor performance (Evans et al.2009; Fleury et
al. 2000; Peng et al., 2008). Wolbachia have also been implicated in providing resistance to
RNA viruses in their hosts by delaying accumulation of the virus. This was demonstrated by
Teixeira et al. 2008 and Hedges et al. 2008 where Wolbachia infected Drosophila
melanogaster lived significantly longer than uninfected flies challenged by RNA infection.
This resistance did not apply to a DNA virus. Subsequently it has been shown that
Wolbachia can interfere with a range of pathogens infecting Aedes aegypti including filarial
nematodes, bacterial pathogens, dengue, chikungunya viruses as well as Plasmodium
(Kambris et al.2009; Moreira et al. 2009).
The close association between Wolbachia and host reproductive tissues is expected to
increase the possibility of horizontal gene transfer events. Genomic comparisons of
arthropod and Wolbachia indicate this has repeatedly occurred, but the majority of
exchanged material is non-functional (Woolfit et al.2009). Hotopp et al. (2007) found
evidence of Wolbachia transfer in the genomes of four insect and four nematode species,
and Nikon et al. (2008) estimated that 30% of wMel genes had been integrated into the
genome of the beetle Callosobruchus chinensis in an event occurring about one million years
ago, but they were currently inactive. Klasson et al. (2009) identified a functional gene in Ae.
aegypti that they associated with an ancient Wolbachia horizontal gene transfer event and
Woolfir et al (2009) found the genes coding for salivary gland surface (SGS) proteins unique
to mosquitoes (including Ae. aegypti) had putative homologos in Wolbachia, with genetic
evidence suggesting transfer from the eukaryote to the bacteria rather than the other
direction. In addition to genetic exchange,Wolbachia may also interact directly with host
genomes as Xi et al. (2008) observed. Wolbachia activating genes in Drosophila host that
facilitated Wolbachia movement into reproductive tissues
2.1.2

Method of modification

Wolbachia is routinely cultured in insect cell lines (Dobson et al. 2002; Furukawa et al. 2008;
Jin et al 2009; O’Neill et al., 1997; Xi & Dobson 2005) although transfer to novel hosts by
microinjection can be technically challenging and success unpredicted (McMeniman et al.,
2008). Ruang-areerate and Kittayapong (2006) were able to introduce a double infection of
the mAlbA and wAlbB strains into Ae. aegypti by microinjecting adults. The Wolbachia used
to transinfect Ae. aegypti was sourced from Australian laboratory cultures of D.
melanogaster, maintained in an Ae .albopictus cell line for – 240 passages (about 2.5 years)
then transferred to an Ae. aegypti cell line and cultured for another 60 passages. Stable
infection in live Ae. aegypti was achieved by embryonic microinjection (McMeniman et al.
2008; McMeniman et al. 2009).
Wolbachia infections can be removed from arthropods by exposure to antibiotics such as
tetracycline and rifampicin or by heat treatment (Breeuwer &Werren 1993; Dobson and
Rattanadechakul 2001; Dutton and Sinkins 2005; Glover et al., 1990; Hermans et al., 2001;
Min & Benzer 1997). Van opijnen and Breeuwer (1999) found 71% of the two-spotted spider
mite (Tetranychus urticae) lost their infection after rearing at 32O C for four generations. They
suspect that temperature may be important in determining the frequency of Wolbachia
infections in field populations. Kyei-Poku et al. (2003) found that tetracycline treatment
eliminated Wolbachia from the wasp Urolepis rufipes in four generations whereas heat
treatment (34 oC) required six generations and significantly lower densities of Wolbachiawere
found in Ae. albopictus reared at 37oC compared to 25oC (Wiwatanaratanabutr and
Kittayapong 2006).
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2.3

The Vietnam Eliminate Dengue Project

The Eliminate Dengue Project is a large multi-institution research program led by Professor
Scott O’Neill, Dean of Science at Monash University. It is developing a new approach to
control mosquito-borne diseases such as dengue and malaria4. The work is funded primarily
through the Grand Challenges in Global Health initiative of the Bill & Melinda Gates
Foundation. In addition to Monash University the program includes researchers at the
Queensland Institute of Medical Research, The University of Melbourne, James Cook
University, Queensland Health, The University of California Davis, North Carolina State
University, as well as partners in Vietnam and Thailand. In Vietnam the project is being
implemented by the National Institute for Hygiene and Epidemiology, with support from the
Pasteur Institute Nha Trang, the American-based NGO FHI 360 and the Oxford University
Clinical Research Unit. The Eliminate Dengue Program is a public good activity that is notfor-profit.
The approach adopted by the research project is highly novel, using a naturally occurring
obligate intracellular insect bacterium, Wolbachia pipientis, to block transmission of dengue
viruses by the primary mosquito vector Aedes aegypti. This bacterium is extremely common
in the environment infecting more than 20% of all insect species including many species that
are pests of agriculture and store food products, as well as many species of insects that bite
humans such as nuisance mosquitoes. It does not naturally infect the mosquito species that
are major human disease vectors however. In painstaking work,Monash University has
successfully transferred Wolbachia into the mosquito species Aedes aegypti that is the major
vector of human viruses such as dengue, Yellow fever and Chikungunya. It is intracellular
and not transmitted infectiously between individual mosquitoes but instead transmitted
vertically through the eggs of an infected insect. It induces a reproductive trait known as
cytoplasmic incompatibility that provides a mechanism by which Wolbachia is able to invade
an interbreeding insect population by reducing the reproductive output of female insects that
do not carry Wolbachia if they mate to a Wolbachia infected male insect. Mating between two
insects both containing Wolbachia produces normal numbers of offspring that all contain the
bacterium.
Laboratory studies have confirmed that the presence of Wolbachia in Aedes aegypti greatly
reduces the ability of the mosquito to transmit dengue and other human pathogens. This has
been demonstrated to occur through a number of mechanisms including direct interference
with the ability of the pathogen to replicate in a Wolbachia infected mosquito as well as
indirect measures such as shortening the lifespan of the mosquito. The results of these
studies have recently been published in the most prestigious international scientific journals
including Nature, Science and Cell. These laboratory studies have been extended with a
number of contained semi-field experiments undertaken in large purpose built enclosed
Quarantine Insectary Containment Level 2 outdoor field cages in Cairns, Australia. These
experiments have demonstrated that Wolbachia can successfully invade interbreeding
populations of wild A. aegypti mosquitoes. The next step for our research program is to
undertake a series of open field experiments to test the method. Since Wolbachia is not
infectiously transmitted, these field tests will involve the release of small numbers of
Wolbachia-infected Aedes aegypti which will “seed” the local wild population with Wolbachia.
Our expectation is that the introduced Wolbachia will spread into the interbreeding Aedes
aegypti population over subsequent generations until all mosquitoes within the area carry the
infection and will subsequently lead to a reduced ability to transmit dengue.
Vietnam Field Trial
The Vietnam release isplanned to begin once approval has been granted from the Ministry of
Health, hopefully in 2012. The proposed site is Tri Nguyen Island (TNI), an island off the
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
4www.eliminatedengue.com	
  

15
	
  

coast of Nha Trang, the metropolis of Khanh Hoa Province on the south central coast of
Vietnam (Figure 8). Tri Nguyen has a small population of only 711 houses (approximately
3500 people) and is close to Institute Pasteur Nha Trang (IPNT), was chosen because it is
isolated from the mainland and has a great number of Aedes mosquitoes in the wet season.

Figure 8. A map highlighting the Tri Nguyen field site in relation to the rest of Vietnam
The goals forVietnam’s pilot release are to:
1. Demonstrate both the establishment of Wolbachia infection and invasion into
natural mosquito populations.
2. Demonstrate that the anti-dengue properties of Wolbachia are present in
mosquitoes under field conditions.
3. Demonstrate to the community and also other countries that a release is not
harmful.
The pilot release on Tri NguyenIslandwillbe undertaken in three phases.
The First Phase focuses on suppressing the existing population of Aedes mosquitoes on Tri
Nguyen Island. This would be done by regularly sweeping household water containers with
nets for 6 to 8 weeks to remove any immature mosquitoes before they can emerge as adults.
It is expected that this will significantly reduce the Aedes population (by up to 90%).
The SecondPhasewillbe the release of Wolbachia infected Aedes aegypti mosquitoes. It is
planned to release 10 pupae per house once a week during 3 months. Pupae will be reared
at IPNT and transported to Tri Nguyen Island by boat where they will be placed in small cups
hung from a rafter just outside the house but under cover from the elements. This will allow a
neased monitoring on the number of pupae that emerge, as well as undisturbed household
activity to be remained. Assigned staff need to revisit each household in 2 days afterward, to
collect and record number of dead pupae/adults, and invert container in the holder to remove
the water.
The Third Phase will be monitoring Aedes population for the presence of Wolbachia. It is
proposed to conduct post-release monitoring at 2 weekly intervals for collecting late stage
larvae/pupae from field containers and then undertaking PCR on collected samples to
determine if Wolbachia is present.
During all three phases the project will continue to engage the community about project
activities and to answer any concerns or questions. It will employ community collaborators to
undertake the suppression, release and monitoring activities, as well as community
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engagement activities, with oversight from skilled staff at NIHE, IPNT and international
partners.
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3. Risk Assessment: Objectives and
Methodology
3.1

Objectives and scope

The Vietnam risk assessment was conducted based on the approach and methodology
guide in the Risk Analysis Framework by the Australian Office of the Gene Technology
Regulator (OGTR). This aims to provide a Vietnam context of the three organisms pertinent
to the risk analysis: the host organism Aedes aegypti, the dengue virus, and the Wolbachia
bacteria responsible for the modification, that are not covered by the Australian Risk
Assessment. Another focus of the study is human behavior that occurs when a population
believes it is not at risk of the disease.
It is the objective of the risk assessment to identify and characterize the undesirable
implications for the safety of humans and the environment that possibly happen by releasing
mosquitoes containing Wolbachia. The unwanted harms are to be estimated over a period of
30 years.
This risk assessment aims at answering the following study questions:
• Which hazards can happen?
• How could harm occur?
• How likely is that to happen?
• How serious could the harm be?
• What is the level of risk?

3.2

Overall risk assessment framework

In general, a risk assessment is the process of estimating the potential impact of a chemical,
physical, microbiological or psychosocial hazard on a specified human population or
ecological system under a specific set of conditions and for a certain timeframe. There are
several models of risk assessments and various definitions for the relevant terms. This
assessment uses a model Risk Analysis Framework developed by the Australian Office of
the Gene Technology Regulator (OGTR). It includes the following components: Hazard
identification, likelihood of risk, consequence of risk, and level of risk estimation (Figure 9).
What could go wrong?
How could harm occur?
(Hazardidentification)

How serious could
the harm be?
(Consequence
assessment)

EVENTS

How likely is harm to
occur?
(Likelihood
assessment)	
  
What is the level of risk?

(Riskestimation)

UNCERTAINTY

Figure 9. Risk assessment framework
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3.3

Expert elicitation

Expert elicitation is the synthesis of opinions of experts of a subject where there is
uncertainty due to insufficient data, or when such data is unattainable because of physical
constraints or lack of resources. Expert elicitation is essentially a consensus methodology. It
is often used in the study of rare events. The expert elicitation process may involve
integrating empirical data, an "educated guess", with scientific judgment, and identifying a
range of possible outcomes and likelihoods. Expert elicitation generally quantifies
uncertainty. In this risk assessment, the expert elicitation was used as a major method to
obtain and synthesize the opinions of experts on judgment of issues related to hazards and
harm to humans and the environment.

3.4

Bayesian Belief Network (BBN)

Bayesian approaches were proposed for this risk assessment. BBNs were used to develop
the risk analysis framework and combine expert judgment with conditional probabilities to
determine the risk value for the end-point. A Bayes net is a model that describes the states of
some part of a system that is being modelled and how these states are related to each other
by probabilities.
The BBN was constructed using GeNIe 2.0, a free software package developed and
distributed by the Decision Systems Laboratory, University of Pittsburgh5. The BBN was
constructed by representing variables as nodes connected by directed links which are
indications of conditional dependence. A link from node A (parent node) to node B (child
node) indicates that A and B are
functionally related, or that A and B
Box 1: Bayes theorem
are statistically correlated. Each
child node (i.e. a node linked to one
IF
E (event) happens
or more parents) contains a
conditional probability table (CPT).
THEN
H (Hypothesis) happens {prob. p}
The CPT gives the conditional
probability for the node being in a
specific state given the configuration
of the states of its parent nodes.
Example:
When networks are compiled,
Bayes’ theorem is applied according
If the road is broken, there will be often a traffic
to the values in the CPT, so that
jam
changes
in
the
probability
p(A B)
distribution for the states at node A
p(A∩ B) = p(B∩ A)
p(A|B)=
are reflected in changes in the
p(B)
probability distribution for the states
IF road is broken
at node B.

!



p(B | A)* p(A)
( B {prob
A) 0.85}
THEN trafficpjam
p(A | B) =
Bayes’ theorem is used to calculate
p( B | A) =
p(B)
p( A)
the conditional probability at each
node of a hazard and within each
node of the software given the
outcomes at the previous nodes and eventually an absolute probability for the final outcome,
which is calculated by taking the product of all conditional probabilities. BBN is used in 2
practical components
§

Network (graph theory): The connection in a graph depicting the relationship between the
variables. The application of this helps draw a net of nodes, in which the relation among
them is causally established.
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§

Probability: A conditional probability is the probability of one event if another event
occurred. This application supports populating the likelihood of each node.

Given that in some risk assessments there will be a considerable element of judgment and
different experts will have different prior beliefs, the Bayesian approaches incorporate these
in a formalized way into the risk assessment by using simulations with different weightings so
that prior knowledge, assumptions and judgments can be formalized and explicitly used in
the risk assessment. This approach can be as valid as conventional statistic techniques for
estimating probabilities

3.5

Steps of the risk assessment in Vietnam

An Independent Assessment Team of 5 national consultants was recruited to work with FHI
360 and NIHE to complete a thorough risk assessment of the Eliminate Dengue Project. The
Team consists of a Team Leader, an Aedes aegypti expert, a dengue virus expert, an
environmental health specialist, and an expert in risk assessment methodology.
There were several steps to conduct the assessment (see box 2). The Team undertook a
number of discussions and an elicitation workshop to gather opinions and evidences from
related experts of various technical and community areas. After the workshop, the team
members worked directly with experts when further discussions or revision of the results
were in need.
Box 2: Steps to carry out risk assessment:
A workshop entitled “Risk assessment of
Wolbachiainfected Ae. aegyptireleases in
Stage 1: Preparation
control of Dengue Fever” was held in 2
• Step 1: Endpoint (issue) identification
days July 14-15 2011 in Hanoi. The
• Step 2: Expert selection
objective of the workshop was to elicit
– Scope and format of the elicitation
opinions of experts on the potential
negative effects/hazards of releasing
– Design of the elicitation protocol
Wolbachiainfected Ae. aegypti. The
– Selection of experts
potential hazards were examined under
– Preparation of the elicitation
four major domains, including i) Ecology
session
change, ii) Management efficacy, iii)
Stage 2: Expert elicitation
Public Health, and iv) Socio-economic
change.
• Step 3: Hazard identification &
mapping
• Step 4: Likelihood of risks
• Step 5: Consequence of risks
• Step 6: Estimation of levels of risk
Stage 3: Reporting and follow-up

There were 28 experts who participated
in the workshop. They were experts
working in different professional areas
related to Aedes aegypti, socio-economic
and public health aspect of dengue fever
management,
and
• Step 7: Writing, consultation with
communityrepresentatives. They actively
experts and disseminating report
discussed and gave their expert opinions
	
  
on the selected topics. Staff from the
Vietnam ED project, officials and experts from NIHE, FHI 360 and MOH were also present at
the workshop as resources of information. To ensure there was access to sufficient
information, there were also 2 experts on Wolbachia and dengue fever from Monash
University to join and provide detailed information on Wolbachia and the Australian ED
project, but they did not give their opinions during the expert elicitation.
The expert elicitation workshop started with a series of presentations giving background on
Wolbachia and the ED project, as well as experience on the risk assessment and release of
Wolbachia infected Ae. aegypti that was done in Australia. The status of the ED project and
planned activities in Vietnam was presented in detail, assuring all necessary information was
clearly provided. Finally, the risk assessment objective and methodology was presented by
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the consultant team. All these presentations allowed our experts to have a similar level of
information and understanding of the project and to facilitate the discussion. In addition, most
experts who participated in the workshop had been received background information on the
ED project before the workshop.
During the workshop, the experts were divided into four groups, including Ecology,
Management, Public Health, and Socio-economic, according to their professional knowledge
and expertise. Each group was enabled by a group facilitator (or group leader).

3.6

Limitations and uncertainties

Due to the attributes of the methodology, there may be several limitations and uncertainties
for the risk assessment outcomes. It is clear there are differences in how risks are perceived
by scientists. Several factors can influence this differential interpretation, including: personal
experience of the adverse effect, social cultural background and beliefs, ability to exercise
control over a particular risk, the extent to which information gained from different sources, a
tendency to over estimate very low risk and sometimes to under estimate very high ones by
people. At this stage of the process, the risk must be considered a potential risk because it is
not known if it occurs in actual ecosystems. There could be judgment of different beliefs
when knowledge about Wolbachia and infected mosquitos is limited. This ecosystem is a
complex matter relating to biodiversity and natural environment, containing different kinds of
living organisms, a large number of species, about which little is known.
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4. Problem and Hazard identification and
mapping
4.1

Introduction

This section describes the problem formulation, hazard identification and mapping, aimed to
answer the questions: What could go wrong? And how could harm occur?
The risk analysis was conducted against the
end point (problem or adverse hazard which
we do not want to occur) that the proposed
release would result in more harm than that
expected to be caused by naturally occurring
Aedes aegypti (Cause More Harm). The risk
of this event occurring was estimated with a
time frame of 30 years.

4.2

	
  

Methods

The purpose of the hazard elicitation was to
identify all possible hazards under the 4
identified components, as well as to put them
in relation to the “cause more harm” context
Figure 10.Cause more harm
of releasing Wolbachia infected Aedes
endpoint
aegypti for a duration of 30 years. The expert
elicitation on hazard identification and mapping was undertaken in several steps: i)
generating possible hazards and events, ii) discussion on how harm could happen, iii)
finalizing the consensus list of hazards with agreed definitions.

4.3

Results

4.3.1 Ecology
An ecosystem-based approach was used for discussion on identification of ecological
hazards when releasing Wolbachia infected Aedes aegypti. As with any vector-borne
disease, dengue fever is a biocenosis in which the pathogenic microorganism (dengue virus)
is transmitted from an infected individual to another individual (human) by a vector (Aedes
aegypti mosquito). These three components are in a close nutrient relationship with one
another, and under interaction with natural and social environment conditions of the human
ecosystem (Fig.10). Any factor that impacts on this ecosystem’s structure (any living or nonliving thing) may influence its function, and possibly the health of the ecosystem.
Hazards were identified by expert elicitation through three stages. In the first stage, experts
discussed the end point “Worse ecological change” to answer the following questions:
-

How would the Wolbachia parasite impact on its host, the Aedes aegypti?
How would the Wolbachia parasite impact on the surrounding natural environment?
How would the Wolbachia parasite impact to the human?

In the second stage, participants explained all hazards that they proposed (about 18 hazards
and events). In the third phase, the hazard set was refined by combining synonymous or
redundant hazards (i.e. those that were essentially the same) and breaking broad hazards
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into two or more distinct hazard. A brief description of each hazard was then finalized by the
group. In total there were 14 hazards and 4 undeveloped events were identified (Table
1).The “worse ecological impacts” sub-tree of the Cause More Harm was also established
(Fig. 11).

Figure 11.Ecosystem’s scheme of Dengue fever (vector-borne) disease biocenosis with
impacts by Wolbachiainfected Aedes aegypti
Table 1.Hazards of Ecosystem Group
1

Horizontal transfer of
Wolbachia into
environment

Hazard

Wolbachia horizontal transfer from
organism such as Aedes aegypti
environment (to living things)

2

Wolbachia transfer to
animals

Hazard

Wolbachia
species.

3

Wolbachia transfer to
the mosquito predator
species

Hazard

Wolbachia horizontal transfer to the mosquito
predator species when feeding on the
mosquito
larvae
(fish,
crustaceans,
Toxorhynchites mosquitoes…) or on adult
mosquitoes (birds, frogs, spiders, etc)

4

Wolbachia transfer to
the other animal
species

Hazard

Wolbachia horizontal transfer to other
vertebrate and invertebrate species beside
predator species

5

Wolbachia transfer to
humans

Hazard

Wolbachia transfer to people through a
mosquito bite or by eating Wolbachia insects.

6

Increased dengue

Hazard

Increased effectiveness of the dengue virus

horizontal

transfer

to

one
into

animal
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transfer intensity of the
mosquitoes

transfer by Wolbachiainfected Aedes aegypti
to humans

7

Increased host biting

Hazard

Increased biting or number of blood meals
required by Wolbachia infected Aedes aegypti

8

Increased
longevity/lifespan of the
mosquito

Hazard

Increased number of days for which a
mosquito female can live

9

Transfer of other
arborviruses

UE

Wolbachiainfected Aedes aegyptican transfer
other arboviruses such as Chikungunya and
yellow fever viruses

10

Increased fecundity of
mosquitoes

Hazard

Increased total number of eggs laid by a
female mosquito with Wolbachia

11

Increased host
component

Hazard

Increased biting host species number
(vertebrate species) of Wolbachia infected
Aedes aegypti

12

Ecosystem change

Hazard

The release of Wolbachia infected Aedes
aegypti results in ecosystems changes in
structure and functions/ services

13

Replacement of the
Dengue transfer
vectors

14

Decreased ecosystem
health

Hazard

Hazard

The release of Wolbachia infected Aedes
aegypti results in reduced mosquito
populations, even possible local extinction,
and other mosquito vector species (Aedes
albopictus for example) may develop,
gradually occupying this ecological niche
The release of Wolbachia infected Aedes
aegypti results in decreased ecosystem
health or an ecosystem's pending loss of
carrying capacity, its ability to perform
nature's services

15

Worse ecological
change

End point

The release of Wolbachia infected Aedes
aegypti results in Worse ecological change

16

Increased geographic
range

UE

Aedes
aegypti
increases
geographic
distribution beyond predicted limits or at a
faster rate than expected

17

Larger Aedes aegypti
population

UE

Aedes aegypti population density per unit
area increases

18

New mosquito species
arrives

UE

New species arrives (but not established)

The worse ecological impact sub-component of “Cause More Harm”
This sub-tree incorporates “Horizontal Wolbachia transfer”, “Ecosystem change” and
“increased dengue transfer intensity”. The risk of Horizontal Wolbachia transfer could result
from two paths, either directly via host biting or indirect transfer to predacious species via
feeding on the Wolbachiainfected Aedes aegypti (pre-adult stages: fishes, Toxorhynchites
larvae, Mesocyclops, and adults: birds, frogs, spiders…). The considerably dangerous risk of
Horizontal Wolbachia transfer that could be occurred is Wolbachiatransfer to humans from
two ways, either directly via mosquito biting or indirect transfer via eating Wolbachia
predacious species (Mesocyclops or other invertebratespredators) living in drinking water
bodies. However, so far there has been no scientific evidence that Wolbachia could spread
to humans.
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Figure 12. Ecological sub-tree of “Cause More Harm”
The risk of “increased transfer intensity” of Wolbachia infected Aedes aegypti could result
from two paths: i) increased longevity/lifespan and ii) increased fecundity which depends on
increased host biting intensity or increased host species competence. The risk of “ecosystem
change” could resulted from different ways: i) Aedes aegypti populations could decline, even
crash; and ii) Ecosystem services such as providing food sources for some predacious
species, incidental pollination for some plant species could be reduced influencing
ecosystem health.
When Aedes aegypti populations decline, another mosquito vector population that is
currently absent from the region could develop, and this vector population replacement could
occur to fulfill the poor/ empty ecological niche. A candidate species for this is Aedes
albopictus which has previously outcompeted and displaced Aedes aegyptiin the Americas
(Mousson et al. 2005), and is also occurring in Vietnam currently (Kawada et al., 2009}.
4.3.2 Management Efficacy
A discussion on management efficacy was carried out among experts from the Department
of Plant Protection, Institute of Agriculture Environment, Ministry of Resources and
Environment, Vietnam Administration of Veterinary and National Institute of Hygiene and
Epidemiology (Ministry of Health). The major concern of this group was that the release of
Wolbachia infected mosquitoes would result in negative impacts on management and control
of mosquitoes that transmit dengue. A foremost key concern was the approval process of the
release of Wolbachia infected mosquitoes. According to the Ordinance of Standing
Committee of National Assembly of Vietnam no.36/2001/PL-UBTVQH10, dated July 25th,
2001 on Plant Quarantine and Plant Protection, Wolbachia is a subject to be controlled by
the MOH. For any action relating to the import and/or export of Wolbachia the responsibility
and safety measures of their management would be with the MOH Vietnam. Regarding this
issue, the experts agreed that the processes being undertaken to gain approval for a release
of Wolbachia infected mosquitoes in Vietnam has proceeded properly.
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Professor Nguyen Van Tuat takes Group 2 through the hazard mapping process
Experts were concerned about how effective Wolbachia would be in controlling DF in new
habitats, how released mosquitoes would be managed and monitored on the island, and
whether new control strategies to dengue fever could raise a new secondary virus that could
become more virulent to humans. As a result, eight possible hazards were generated with
specific definitions (Table 2), in addition to two events that were discussed but would not be
analyzed further in next chapters (undeveloped events).
Table 2. Hazards of the management group
1. Reduced
management efficacy

End point

Release of Wolbachia infected Aedes aegypti may
affect the management of mosquitoes and DF.

2. Insecticide resistance

Hazard

The release ofWolbachia infected Aedes aegypti
may result in insecticide resistance, requiring
higher doses and more types of insecticides

3. New disease occurs

Hazard

Wolbachia infected Aedes aegypti release may
result in more disease transmission and therefore
an increase in activities to overcome these
constraints in both disease and vector
management.

4. Less concerned DF
management
program

Hazard

Less attention and investment will be paid to
control dengue due to belief in the new
intervention.

5. Increased mosquito
control at households

Hazard

Households may do more mosquito control
practice since they are not confident with the
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effectiveness of Wolbachia infected mosquitoes,
or these mosquitoes do not prove their
effectiveness to control DF/DHF.
6. Increased exposure
to DF

Hazard

Exposure to DF transmission may increase
among people.

7. New ineffective
pathotypes of
bacteria

Hazard

Wolbachia could cause the generation of other
pathotypes of bacteria with low efficacy, requiring
an enhancement of control measures.

8. Reduced mosquito
control

Hazard

Conflicts of interest or the assumption that
Wolbachia infected Aedes aegypti would help to
solve DF may lead to a reduced investment in
mosquito control.

9. Increased distribution
area

UE*

Geographic distribution of Ae. aegypti would
expand beyond the estimated area or spread
more rapidly than expected.
A new species of mosquito may come into
existence (but not invade).

10. Occurrence of new
mosquito

UE

* UE: Undeveloped event

Figure 13. Management Sub-tree of “Cause More Harm”
Of the 8 hazards, the group analyzed their impact on each other by taking into account their
linkage to the end point of reduced management efficacy. Four hazards including pesticide
resistance, new disease occurrence, reduced mosquito management and increased
exposure were determined to be directly linked to management efficacy. Their possible
cause may relate to the occurrence of new bacteria that has low efficacy and does not show
good results for blocking dengue transmission, plus a reduced investment and concern for
mosquito control programs and an increase in mosquito prevention measures practiced by
households (Fig. 13).

27
	
  

4.3.3 Public health
The public health group was made up of 6 experts from the Ministry of Health, Institute
Pasteur Nha Trang, and NIHE. The main objective of this public health expert elicitation was
to identify any potential hazards of a Wolbachia infected Aedes aegypti release on the health
of people. The end point was “Worse Public Health”, meaning that all potential hazards
involved in the release of Wolbachia infected Aedes aegypti may lead to a worse health
status among people living within and close to the release site.
Experts started brainstorming a large range of hazards by answering the question what
would be the impact of releasing Wolbachia infected Aedes aegypti on health. Experts were
reminded to be aware that there would be overlapping hazards between the Public Health
group and other groups, in particular with the group of Ecology and the group of
Management. However, experts were free to identify any hazards that will be refined later to
avoid redundancies.
Hazards were listed and grouped under four categories related to how the dengue virus,
Wolbachia, mosquitoes and humans could be affected by the release of Wolbachia infected
Aedes aegypti. Hazards relating to the dengue virus were identified as “Dengue virus
evolution”, meaning that the virus evolves into other strains. Horizontal transfer of Wolbachia,
in particular to humans, was identified as an important hazard. However, this hazard was
considered to belong in the Ecology group and therefore was removed from the Public
Health group.
Many hazards related to the vector such as density, behavior of feeding including frequency,
preference of host target, possibility of transmitting other diseases than dengue fever, and
dengue transmission enhancement. The change in the biological rhythm of the mosquito
when biting humans was also mentioned. It was even suggested that the introduction of
Wolbachia into the mosquito could make a fundamental change that male mosquitoes will
become a biter (feminization). Insecticide resistance was also as a potential hazard of
introducing Wolbachia into Aedes aegypti, as was the possibility that life expectancy may
actually increase as a result of the infection. However, further discussion and findings on the
biology of Wolbachia infected Aedes aegypti by the ED researchers from Australia concluded
that extended life expectancy and changes to the biological rhythm of mosquitoes were
highly unlikely to occur. Male mosquito becoming a biter once infected with Wolbachia was
also determined to be unrealistic, whereas changes in resistance to pesticides were
proposed to be accommodated in the Management group.
From human perspectives, 3 main hazards were identified: more severe (severity) and an
increase in cases of dengue due to changes in transmission, disease and virus evolution.
More complicated clinic symptoms that may be caused by Wolbachia infected Aedes aegypti
were defined as a hazard because this could lead to difficulty in diagnosis and hence worse
health of people. In addition, community awareness on dengue prevention was also a hazard
but was finally accommodated in the Socio-economic group.
All the hazards were defined by a short description including the possibilities of how hazards
would occur and their potential consequences. Table 3 presents the final 9 identified and
retained hazards, 1 endpoint and 2 undeveloped events of the Public Health group.
Table 3. Hazards of group “Public Health”
1.

Mosquito density

Hazard

Density of Wolbachia infected Aedes aegypti (for
example in each household) is higher than the
density of naturally occurring Aedes aegypti. This
might be due to the change in reproduction capacity,
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life cycle, and population fluctuation.
2.

Feeding frequency

Hazard

Wolbachia infected Aedes aegypti bites more
frequently compared to naturally occurring Aedes
aegypti. This is due to the changes in physiology and
behaviour or other changes.

3.

Host preference

Hazard

Wolbachia infected Aedes aegypti feeds takes a
higher proportion of blood meals from certain human
groups for example children, males or females than
naturally occurring Aedes aegypti.

4.

Dengue virus
evolution

Hazard

Wolbachia infected Aedes aegypti evolves into other
strains and transmits more dengue

5.

Dengue
transmission

Hazard

Dengue transmission by Wolbachia infected Aedes
aegypti is higher than naturally occurring Aedes
aegypti. This might be due to the mosquito density,
feeding frequency, host preference, and clinical
symptom changes (see # 6)

6.

Clinical symptoms
complication

Hazard

Clinical symptoms of patient caused by Wolbachia
infected Aedes aegypti are modified and complicated
compared to symptoms usually observed in patients
caused by naturally occurring Aedes aegypti. This
leads to a difficult diagnosis.

7.

Other pathogens

Hazard

Wolbachia infected Aedes aegypti transmits
pathogens other than the dengue virus (other
viruses, bacteria, and parasites). This transmission
of other pathogens might be due to the density of
mosquito, their host preference, and feeding
frequency.

8.

More cases

Hazard

Wolbachiainfected Aedes aegypti causes higher
number of dengue cases than naturally occurring
Aedes aegypti. This is due to changes in dengue
transmission.

9.

Severity of
disease

Hazard

Wolbachia infected Aedes aegypti makes dengue
cases more severe than naturally occurring Aedes
aegypti does. The severity is due to the evolution of
the dengue virus and clinical symptom modification.

10.

Worsen Public
Health

End point

Health of people becomes worse by releasing
Wolbachia infected Aedes aegypti. This could be due
to the increase in dengue cases, increased severity
and or an increase in other pathogens.

11.

Transfer of
Wolbachia to
humans

UE*

Wolbachia will be transmitted to humans

12.

Male mosquito
bites

UE*

Male mosquito
mosquito:

will

bite

humans

like

female

*UE: Undeveloped Event
Cause More Harm sub-tree of Public Health
Once the experts had agreed on the final list of hazards, the next step was to establish a
influence diagram that reflects the causal relationships among hazards and the endpoint.
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Figure 14 shows the relations between the hazards. It was determined that these verity and
the number of cases of disease influence the “Public Health” endpoint, as well as the “other
pathogens” hazard (see Table 3). A risk for an increased number of cases resulting from
dengue transmission is in turn influenced by 3 hazards related to the mosquito (density,
frequency and host preference) and clinical symptom complications. The three hazards
relating to the mosquito also have an impact on other pathogens. Finally, the dengue
evolution is linked to the severity of disease and the clinical symptom complications. (Figure
14).

Figure 14. Pubic Health Sub-tree of “Cause More Harm”

4.3.4 Socio-economic
The expert elicitation on possible negative effects on social and economics issues was
conducted with the participation of different points of view from the representatives of the
community, Women’s Union, Tri Nguyen commune People’s Committee, Khanh Hoa Health
Department and the Famer’s Association. Following the same steps as the other groups, the
expert elicitation firstly aimed at exploring all possible unexpected impacts/hazards to occur
when mosquitoes containing Wolbachia are released.
Sub-tree of “Cause More Harm” for this group discussion was identified as “worse socioeconomic change”. This is consequently composed by two major sub-groups of hazards: 1)
worse effects on the social aspects and 2) worse effects on the economy. The scope of
negative impacts was initially described as being on Tri Nguyen Island where the release of
mosquitoes containing Wolbachia would take place. The impact was later discussed in a
more extended area, Khanh Hoa province.
At the start up, a long list of possible hazards were generated for discussion on these two
sub-groups of hazards. Since Khanh Hoa is a famous tourist beach site, it was likely that the
experts focused their concerns on unexpected impacts on economic aspects related to
reduced tourism. In addition to reduced income, two other possible hazards were discussed,
including “reduced real estate” and “employment”. It was suggested that the release of
Wolbachia infected mosquitoes could bring about fear of living in the pilot area; hence people
would tend not to invest their money in real estate and reduce their interest in searching and
maintaining jobs in such an area. Besides reduced income, an increase in expense was
considered as a hazard at both the government and household levels. Many reasons were
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mentioned during the elicitation. For example, at the national level increases in budget may
need reallocation for monitoring this new measure, households may need to spend more
money to avoid being bitten by purchasing more equipment and materials to control
mosquitoes.
Regarding social change, more harm was identified under behavioral change, opinion
conflict, mental confusion, and influenced living. “Adverse media” was found to be one of the
hazards to possibly cause most of the above impacts. It would result in providing insufficient
or confusing information about releasing Wolbachia infected Aedes aegypti. Consequently,
people may become more fearful and try to move from their current living areas. Another
issue that was also a concern is related to opinion conflict. Due to lack of adequate
information, there would be many different opinions and beliefs that can cause people to feel
nervous or even doubt the policy of local government.
Two undeveloped events were mentioned: 1) Wolbachia mosquitoes crossing international
borders and 2) emigration. After careful consideration, all experts agreed that these two
events would surely never happen or were very negligible. Therefore, these hazards were
later excluded from the list of hazards for further analyses in the BBN elicitation. (Table 4)
Table 4.Hazards of socio-economic group
1. Worse socioeconomic change

Endpoint

2. Economic change

Hazard

3. Social change

Hazard

4. Lost income

Hazard

5. Expense change

Hazard

6. Reduced real estate
value
7. Reduced productivity

Hazard

8. Reduced tourism

Hazard

Hazard

9. Increase public
expense
10. Increased household
expense

Hazard

11. Opinion conflict

UE

12. Immigration

Hazard

13. Behavioral change

Hazard

14. Influenced living

Hazard

15. Mental confusion

Hazard

Hazard

The release of mosquitoes containing Wolbachia
may cause more harm in terms of socioeconomic change
The release of mosquitoes containing Wolbachia
may reduce the area’s economy through
decreased incomes and increased expenses
The release of mosquitoes containing Wolbachia
may change social behaviors
Individuals and businesses lose income through
reduced real estate, tourism or employment.
Expenses can increase due to more measures
required
for
preventing
and
monitoring
mosquitoes
Real estate values may reduce because of fear of
Wolbachia infected Aedes aegyptiin pilot area.
Adverse effects on economy by resulting less
seasonal or permanent workers available in the
region.
Tourism declines because of fear of Wolbachia
infected Aedes aegyptiin the region.
More public expense is required for protective
measures
Households increase expense for prevention of
mosquitoes due to fear of Wolbachia infected
Aedes aegypti
There are conflicting opinions about Wolbachia
infected Aedes aegypti
Immigration rate into the release area decreases
because of fear of Wolbachia infected Aedes
aegypti.
People in the area change their practice in
preventing mosquitoes and dengue fever due to
their misunderstanding about Wolbachia
Presence of more mosquitoes may cause trouble
to people in their daily life
Due to lack of information or misunderstanding
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16. Adverse media

Hazard

17. Cross Border transfer

UE

18. Increases emigration

UE

about the measure, people can become nervous,
confused and unsupportive
Media may provide unclear messages causing
misunderstanding and worries among audiences
Wolbachia infected mosquitoes can spread
across borders to other countries
People emigrate due to fear of Wolbachia
infected mosquitoes

Socio-economic Sub-tree of “Cause More Harm”
Based on the identified hazards (nodes), the next discussion focused on building the network
to depict the causal relationship among all nodes and links to the end point of sub-tree of
“Cause More Harm”. (Figure 15). Eight parent nodes (in yellow color) and eight child nodes
including the end point were identified.

Figure 15.Socio-economic Sub-tree of “Cause More Harm”

Theoretically, it is believed that the release would cause negative change in economics by
increasing expenditure and decreasing income. “Income loss” was considered due to
“decreased real estate”, “reduced productivity”, and “reduced tourism”. In the meantime,
“increased public and household expense” appeared to be a reason for increasing expense.
As mentioned in the earlier step, since “adverse media” was discussed as one of the biggest
concerns among experts, it would become a main cause of mental confusion leading to the
creation of opinion conflict among people. This, along with “immigration”, “behavioral
change”, and “affected living” will influence social change.

4.4

Summary of hazard elicitation

32
	
  

This expert elicitation section was conducted to identify hazards and build a net. The results
were:
• A list of totally 48 possible hazards and 12 undeveloped events to be discussed
(Table 5).
• Four BBNs were built to depict the conditional relationship among different nodes
(hazards). These BBNs were developed under four sub-trees of the “Cause More
Harm”, including; Ecology, Management Efficacy, Public Health, and Socio-economic
Table 5. List of all hazards and definitions by groups
No

Hazards

Types

Definition

Group 1: Ecology
1.

Horizontal transfer of
Wolbachia into
environment

Hazard

Wolbachia horizontal transfer from one organism
such as Aedes aegypti into environment (to
living things)

2.

Wolbachia transfer
to animals

Hazard

Wolbachia horizontal transfer to animal
species.

3.

Wolbachia transfer to
the mosquito predator
species

Hazard

Wolbachia horizontal transfer to the mosquito
predator species when feeding on the mosquito
larvae (fish, crustaceans, Toxorhynchites
mosquitoes…) or on adult mosquitoes (birds,
frogs, spiders, etc)

4.

Wolbachia transfer to
the other animal
species

Hazard

Wolbachia horizontal transfer to other vertebrate
and invertebrate species beside predator
species

5.

Wolbachia transfer to
human

Hazard

Wolbachia transfer to people through a mosquito
bite or by eating Wolbachia insects.

6.

Increased dengue
transfer intensity of
the mosquitoes

Hazard

Increased effectiveness of the dengue virus
transfer by Wolbachia infected Aedes aegypti to
humans

7.

Increased host biting

Hazard

Increased biting or number of blood meals
required by Wolbachia infected Aedes aegypti

8.

Increased
longevity/lifespan of
the mosquito

Hazard

Increased number of days for which a mosquito
female can live

9.

Transfer of other
arboviruses

UE

Wolbachia infected Aedes aegypti can transfer
other arboviruses such as Chikungunya and
yellow fever viruses

10.

Increased fecundity of
mosquitoes

Hazard

Increased total number of eggs laid by a female
mosquito with Wolbachia

11.

Increased host
component

Hazard

Increased biting host species number (vertebrate
species) of Wolbachia infected Aedes aegypti

12.

Ecosystem change

Hazard

The release of Wolbachia infected Aedes
aegypti results in ecosystems changes in
structure and functions/ services

13.

Replacement of the
Dengue transfer
vectors

Hazard

The release of Wolbachia infected Aedes
aegypti results in reduced mosquito populations,
even possible local extinction, and other
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No

Hazards

Types

Definition
mosquito vector species (Aedes albopictus for
example) may develop, gradually occupying
this ecological niche

14.

Decreased
ecosystem health

Hazard

The release of Wolbachia infected Aedes
aegypti results in decreased ecosystem health or
an ecosystem's pending loss of carrying
capacity, its ability to perform nature's services

15.

Worse ecological
change

End point

The release of Wolbachia infected Aedes
aegypti results in Worse ecological change

16.

Increased geographic
range

UE

Aedes aegypti increases geographic distribution
beyond predicted limits or at a faster than
expected rate

17.

Larger Aedes aegypti
population

UE

Aedes aegypti population density per unit area
increases

18.

New mosquito
species arrives

UE

New species arrives (but not established)

Group 2: Management
19.

Reduced
management efficacy

End point

Release of Wolbachia infected Aedes aegypti
may affect the management of mosquitoes and
DF.

20.

Insecticide resistance

Hazard

The release of Wolbachia infected Aedes
aegypti may result in insecticide resistance,
requiring higher doses and more types of
insecticides

21.

New disease occurs

Hazard

Wolbachia infected Aedes aegypti release may
result in more disease transmission and
therefore an increase in activities to overcome
these constraints in both disease and vector
management.

22.

Less concerned DF
management
program

Hazard

Less attention and investment will be paid to
control dengue due to belief in the new
intervention.

23.

Increased mosquito
control at households

Hazard

Households may do more mosquito control
practice since they are not confident with the
effectiveness of Wolbachia infected mosquitoes,
or these mosquitoes do not prove their
effectiveness to control DF/DHF.

24.

Increased exposure
to DF

Hazard

Exposure to DF transmission may increase
among people.

25.

New ineffective
pathotypes of
bacteria

Hazard

Wolbachia could cause the generation of other
pathotypes of bacteria with low efficacy,
requiring an enhancement of control measures.

26.

Reduced mosquito
control

Hazard

Conflicts of interest or the assumption that
Wolbachia infected Aedes aegypti would help to
solve DF may lead to a reduced investment in
mosquito control.

27.

Increased distribution
area

UE*

Geographic distribution of Ae. aegypti would
expand beyond the estimated area or spread
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No

Hazards

Types

Definition
more rapidly than expected.

28.

Occurrence of new
mosquito

UE*

A new type of mosquito may be caused to exist
(but not invade).

Group 3: Public Health group
29.

Mosquito density

Hazard

Density of Wolbachia infected Aedes aegypti(for
example in each household) is higher than the
density of naturally occurring Aedes aegypti.
This might be due to the change in reproduction
capacity, life cycle, and population fluctuation.

30.

Feeding frequency

Hazard

Wolbachia infected Aedes aegypti bites more
frequently compared to naturally occurring
Aedes aegypti. This is due to the changes in
physiology and behavior or other changes.

31.

Host preference

Hazard

Wolbachia infected Aedes aegyptifeeds takes a
higher proportion of blood meals from certain
human groups for example children, males or
females than naturally occurring Aedes aegypti.

32.

Dengue virus
evolution

Hazard

Wolbachia infected Aedes aegyptievolves into
other strains and transmits more dengue

33.

Dengue transmission

Hazard

Dengue transmission by Wolbachia infected
Aedes aegyptiis higher than naturally occurring
Aedes aegypti. This might be due to the
mosquito density, feeding frequency, host
preference, and clinical symptom changes (see
#7)

34.

Clinical symptoms
complication

Hazard

Clinical symptoms of patient caused by
Wolbachia infected Aedes aegypti are modified
and complicated compared to symptoms usually
observed in patients caused by naturally
occurring Aedes aegypti. This leads to a difficult
diagnosis.

35.

Other pathogens

Hazard

Wolbachia infected Aedes aegypti transmits
pathogens other than the dengue virus (other
viruses,
bacteria,
and
parasites).
This
transmission of other pathogens might be due to
the density of mosquito, their host preference,
and feeding frequency.

36.

More cases

Hazard

Wolbachia infected Aedes aegypti causes higher
number of dengue cases than naturally occurring
Aedes aegypti. This is due to changes in dengue
transmission.

37.

Severity of disease

Hazard

Wolbachia infected Aedes aegypti makes
dengue cases more severe than naturally
occurring Aedes aegypti does. The severity is
due to the evolution of the dengue virus and
clinical symptom modification.

38.

Worsen Public Health

End point

People’s health can be worsened by releasing
Wolbachia infected Aedes aegypti. This could be
attributable to the increase in dengue cases,
increased severity and or an increase in other
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No

Hazards

Types

Definition
pathogens.

39.

Transfer of Wolbachia
to humans

UE*

Wolbachia will be transmitted to humans

40.

Male mosquito bites

UE*

Male mosquitoes will bite humans like females

Group 4: Socio-economic
41.

Worse socioeconomic change

End-point

The release of mosquitoes containing Wolbachia
may cause more harm in terms of socioeconomic change

42.

Economic change

Hazard

The release of mosquitoes containing Wolbachia
may reduce the area’s economy through
decreased incomes and increased expenses

43.

Social change

Hazard

The release of mosquitoes containing Wolbachia
may change social behaviors

44.

Lost income

Hazard

Individuals and businesses lose income through
reduced real estate, tourism or employment.

45.

Expense change

Hazard

Expenses can increase due to more measures
required
for preventing
and
monitoring
mosquitoes

46.

Reduced real estate
value

Hazard

Real estate value may reduce because of fear of
Wolbachia infected Aedes aegyptiin pilot area.

47.

Reduced productivity

Hazard

Adverse effects on economy by resulting less
seasonal or permanent workers available in the
region.

48.

Reduced tourism

Hazard

Tourism declines because of fear of Wolbachia
infected Aedes aegyptiin the region.

49.

Increase public
expense

Hazard

More public expense is required for protective
measures

50.

Increased household
expense

Hazard

Households increase expense for prevention of
mosquitoes due to fear of Wolbachia infected
Aedes aegypti

51.

Opinion conflict

UE

There are conflicting opinions about Wolbachia
infected Aedes aegypti

52.

Immigration

Hazard

Immigration rate into the release area decreases
because of fear of Wolbachia infected Aedes
aegypti.

53.

Behavioral change

Hazard

People in the area change their practice in
preventing mosquitoes and dengue fever due to
their misunderstanding about Wolbachia

54.

Influenced living

Hazard

Presence of more mosquitoes may cause
trouble to people in their daily life

55.

Mental confusion

Hazard

Due to lack of information or misunderstanding
about the measure, people can become
nervous, confused and unsupportive

56.

Adverse media

Hazard

Media may provide unclear messages causing
misunderstanding and worries among audiences

57.

Cross Border transfer

UE

Wolbachia infected mosquitoes can spread
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No

Hazards

Types

Definition
across borders to other countries

58.

Increases emigration

UE

People emigrate due to fear of Wolbachia
infected mosquitoes
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5. Expert elicitation on Bayesian Belief
Network (BBN) likelihoods
5.1

Introduction

After the conclusion of hazard identification and mapping, the participants then discussed the
likelihood of each hazard occurring as a preliminary step towards calculating risk. The
likelihood elicitation phase aimed at answering the question “What is the likelihood that the
release of Wolbachiainfected Aedes aegypti will cause more harm than that currently
provided by naturally occurring Aedes aegypti?”
Following the previous step, this section continued with the four groups: Ecology, Mosquito
Management Efficacy, Public Health, and Socio-economic effects. Two major probabilities
are given to each of the groups:
•
•

5.2

No Change (no more harm is achieved)
Worse (more harm results from the release of Wolbachia infected Aedes aegypti)

Methods

In this section, construction of a Bayesian Belief Net was used to capture expert opinion of
the likelihood of the project hazards. Within each group, discussion on the likelihoods were
firstly given to the BBN parent nodes, then probabilities of all following child nodes were
calculated, and finally, the probability of the sub-tree end point “Worse harm” was estimated.
After the four groups discussed and finalized their likelihoods, a final discussion within the
whole workshop was facilitated to merge all results into the final “cause more harm” endpoint
of the assessment.

5.3

Results

5.3.1

Ecology

The Ecology group results are presented in Fig.16 and Table 6.
Table 6.Calculated probability of the identified Ecological hazards
1

Transfer into environment

0.01

2

Transfer to animals

0.04

3

Transfer to predators,

0.08

4

Transfer to other animals

0.01

5

Transfer to human

0.03

6

Longevity/lifespan

0.01

7

Fecundity

0.02

8

Host biting

0.04

9

Host competence

0.09

10

Dengue transfer intensity

0.02

11

Vector replacement

0.02
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12

Ecosystem change

0.02

13

Ecosystem health

0.02

14

Worse Ecological change

0.02

The calculated probability of hazards show that 3 out of 13 hazards have negligible risk,
namely Transfer into environment, Transfer to other animals and Longevity/lifespan. Most of
the remaining hazards have very low risk.

Figure 16.BBN for Ecology “Cause More Harm”

Groups 1 and 2 discussing BBN methodology
5.3.2 Management Efficacy
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Figure 17. BBN for Management “Cause more harm”

Table 7. Calculated probability of the identified Management hazards
Probability

1.
2.
3.
4.
5.
6.
7.
8.

Reduced management efficacy

0.06

Insecticide resistance

0.03

New disease occurs

0.01

Reduced mosquito control

0.05

Increased exposure to DF

0.02

New ineffective pathotypes of bacteria

0.01

Increased mosquito control at households

0.04

Less concerned DF Management program

0.02

Two risks were assessed as negligible in probability, including: "New disease occurs" and
“New ineffective pathotypes of bacteria" with probabilities of 1%. All other risk probabilities
were in the range from 2% to 6% and were assessed as "very low".

5.3.3 Public health
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9 of the 10 hazards and 1 endpoint show a negligible probability of occurring (0-1%) except
for the “host preference” hazard, which had a probability of 4%, falling under very low risk.

Table 8. Calculated probability of the identified hazards
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Name
Mosquito density
Feeding frequency
Host preference
Dengue virus evolution
Dengue transmission
Clinical symptoms complication
Other pathogens
Cases
Severity of disease
Worsen Public Health

Probability
0.01
0.01
0.04
0.01
0.01
0.01
0.00
0.01
0.00
0.00

Figure 18. BBN for Public Health “Cause more harm”
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5.3.4 Socio-economic
13 hazards were determined to influence in some way the two major child nodes, socio
change and economic change, and finally the endpoint “worse socio-economic change”
(Figure 19). However this influence was considered very low with the two major child nodes
and the end point registering negligible risk.

Figure 19. BBN for Socio-economic “Cause more harm”
Most of hazards were estimated with probability of “negligible” (0.01) and “very low” (from
0.02 – 0.10). Two hazards with higher probabilities including “adverse media” (0.30), and
“reduced tourism” (0.15). (Table 9)
Table 9. Probability of socio-economic change hazards
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Name
Probability
Economic change
0.01
Social change
0.01
Lost income
0.02
Expense change
0.01
Reduced real estate value
0.05
Reduced productivity
0.02
Reduced tourism
0.15
Increase public expense
0.01
Increased household expense
0.02
Opinion conflict
0.02
Immigration
0.01
Behaviour change
0.02
Influenced living
0.02
Mental confusion
0.10
Adverse media
0.30
Worse socio-economy change
0.01

42
	
  

5.4

Summary

Solicited likelihoods provided an estimated failure likelihood for ‘Ecological impacts’ of 98%,
‘Mosquito management efficacy’ (94%) ‘Public health’ (100%), and ‘Economic effects’ (99%).
This lead to an estimated failure likelihood of 98% for the endpoint ‘Cause More Harm’

Figure 20. Likelihoods of BBN “Cause More Harm” and sub-models

Table 10.Estimated failure likelihoods of “Cause More Harm”
No. Hazards
1
2
3
4
5

Cause More Harm
Worse ecological change
Dengue Management change
Public Health
Socio-economic change

Probability
(%)
98
98
94
100
99
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6. Expert solicitation on consequence and
risk estimate
6.1

Introduction

This is the last elicitation stage to estimate the consequences should a hazard occur and
therefore overall level of risk.

6.2

Methods

The participants were asked to define what the scale represented both qualitatively and
quantitatively so that they were applying the same context. Making use of the scale used by
the Australian Risk Assessment, experts agreed on a scale to score likelihood and
consequence of hazards as in Table 11.
Table 11. Scale for likelihood and consequence estimation
Scale
Probability

Negligible
0-0.01

Very low
(very light)
0.02-0.10

Low
(light)
0.11-0.30

Moderate
0.31-0.74

High
(heavy)
0.75-0.95

Very high
(very heavy)
0.96-1.00

The scale definition was also discussed and agreed among participants. Basically, the
definition was made based on possible effects toward human health and ecosystems as
represented in Table 12.
Table 12. Scale and definition of consequence
Scale
Negligible
Very low
Low

Medium

High

Very high

Defining the extent of affecting human health and ecosystems
Almost no change
Negligible impact on human health
Minimal impact or no damage to the ecosystem
Adverse health effects but is reversible.
Damage to the environment or disruption to biological communities that is
reversible and limited in time and space or numbers affected.
Adverse health effects that are difficult to reverse.
Damage to the environment or disruption to biological communities that is
widespread but reversible or of limited severity.
Adverse health effects that are irreversible.
Damage to the environment or disruption to biological communities that is
widespread long-term but still reversible.
Adverse health effects that are severe, widespread and irreversible.
Extensive damage to the environment or extensive biological and physical
disruption of whole ecosystems, communities or an entire species that
persists over time or is not readily reversible.

The discussion in groups 3 and 4 applied a scale ranging from “negligible” to “very high”. The
degree of each scale was calculated by considering the level of impact each hazard would
have on human beings, the coverage and duration of that impact, and finally the reversibility
of each hazard. By applying the above scale, Group 3 (public health) in particular translated
45
	
  

their definitions into a more management-focus, changing terms from “no” or “limited
adverse” to ”heavily destroyed effects”. Similarly, Group 4 (socio-economic) incorporated the
definitions with additional scales following from “no”, “limit measurable impact on businesses”
and “social/cultural practices” to “heavily extensive socio-economic impacts”.
After populating the values of consequence for each hazard, each group discussed where to
place each hazard into the following matrix (Table 13).

Table 13. Matrix of level of risk

Consequence
Negligible

Very low
(very light)

Low
(light)

Moderate

High
(heavy)

Very high
(very
heavy)

Negligible

Negligible

Negligible

Negligible

Negligible

Very low

Negligible

Negligible

Negligible

Negligible

Very low

Low

Negligible

Negligible

Negligible

Very low

Low

Moderate

Negligible

Negligible

Very low

Low

Moderate

High

Negligible

Very low

Low

Moderate

High

Very high

Low

Moderate

High

Very high

Negligible

Very low

Likelihood

Low

Moderate

High
Negligible
Very high

Very low

After each group finalized their consequences and level of risk of all identified hazards, a
final elicitation was held with all experts to synchronize all of the results into one final result
against “Cause More Harm”. The independent Team Leader facilitated this final elicitation
stage.
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6.3

Results

6.3.1

Ecology

According to the Health and Environment Linkages Policy Series (2011), although Aedes
aegypti is not naturally infected with Wolbachia, infection has been achieved by
transinfection with wMelPop from Drosophila melanogaster, by means of embryonic
microinjection. wMelPopis able to induce complete CI in Aedes aegypti, and this phenotype
can be reversed by tetracycline treatment. Moreover, it has a 100% maternal transmission
rate, with some fitness costs observed. Since it was introduced, this infection has been stably
maintained in Aedes aegypti for about 6 years in the laboratory.
Table 14. 13 consensus estimates for likelihood, consequence and risk by Ecology
Ecology
1 Transfer into
environment
2 Transfer to animals

Cons. Likelihood Cons.
likelihood
scale
Conseq.
0.01
Negligible
0.75

Conseq.
scale
High

Conseq.
risk
0.0075

Risk matrix
state
Negligible

0.04

Very low

0.6

Moderate

0.024

Negligible

3 Transfer to predators

0.08

Very low

0.75

High

0.06

Very low

4 Transfer to other
animals
5 Transfer to humans

0.01

Negligible

0.4

Moderate

0.004

Negligible

0.03

Very low

0.95

High

0.0285

Very low

6 Longevity/lifespan

0.01

Negligible

0.13

Low

0.0013

Negligible

7 Fecundity

0.02

Very low

0.11

Low

0.0022

Negligible

8 Host biting

0.04

Very low

0.20

Low

0.008

Negligible

9 Host component

0.09

Very low

0.20

Low

0.018

Negligible

10 Dengue transfer
intensity
11 Vector replacement

0.02

Very low

0.15

Low

0.003

Negligible

0.02

Very low

0.30

Moderate

0.006

Negligible

12 Ecosystem change

0.02

Very low

0.25

Low

0.005

Negligible

13 Ecosystem health

0.02

Very low

0.05

Very low

0.001

Negligible
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Professor Truong Quang Hoc discusses consequence and risk ratings with Group 1
Most of the 13 hazards relating to the “Worse ecological impacts” end point are negligible.
Only 2 hazards, “transfer to predators” and “transfer to humans” scored very low in the risk
matrix. It was interesting to note that while most of the likelihood scoring was either negligible
or very low, when applied to even a moderate or high consequence rating the total level of
risk remained low.
We therefore conclude that when Aedes aegypti mosquitoes are infected with Wolbachia, the
risks of changes to the ecosystem are of very low likelihood and consequence (0.02 and
0.05); thus, the level of risk is considered negligible (0.001).
6.3.2

Management efficacy

The management efficacy group focused more time to the consequences as it was quickly
agreed that the likelihood for all their hazards was very low or negligible. From a
consequence perspective all of the hazards were estimated at “moderate” level (from 31%74%).
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Table 15. 8 consensus estimates for likelihood, consequence and risk by Management
Efficacy
Management Efficacy
1. Reduced
management efficacy
2. Insecticide resistance

Cons. Likelihood Cons.
likelihood
scale
Conseq.
0.06
Very low
0.60

Conseq.
scale
Moderate

Conseq.
risk
0.036

Risk matrix
state
Negligible

0.03

Very low

0.50

Moderate

0.015

Negligible

3. New disease occurs

0.01

Very low

0.70

Moderate

0.007

Negligible

4. Reduced mosquito
control
5. Increased exposure to
DF
6. New ineffective
pathotypes of bacteria
7. Increased mosquito
control at households
8. Less concerned DF
Management program

0.05

Very low

0.60

Moderate

0.03

Negligible

0.02

Very low

0.55

Moderate

0.011

Negligible

0.01

Negligible

0.50

Moderate

0.005

Negligible

0.04

Negligible

0.40

Moderate

0.016

Negligible

0.02

Very low

0.35

Moderate

0.007

Negligible

All risks were calculated to occur at an average level of consequence. This translating that
the experts expected that much attention would be paid to management issues when
improving dengue disease management efficiency. However, when combined with the
probability that the hazard may occur, all eight risks were estimated to be of “Negligible" risk.
6.3.3

Public Health

Opposite to the management group, there was not any special concern within the Public
Health group regarding risk. All hazards were considered of negligible risk. Several “very low”
consequences were given such as “Mosquito density”, “Feeding frequency”, “Host
preference”, and “Dengue virus evolution”. The likelihood and consequence ratings for
“Worse Public Health” were both zero, resulting in a zero risk rating.	
  
Table 16. 10 consensus estimates for likelihood, consequence and risk by Public Health
Public Health
1. Mosquito density

Cons. Likelihood Cons.
likelihood
scale
Conseq.
0.01
Negligible
0.05

Conseq.
scale
Very low

Conseq.
risk
0.0005

Risk matrix
state
Negligible

2. Feeding frequency

0.01

Negligible

0.02

Very low

0.0002

Negligible

3. Host preference

0.04

Very low

0.04

Very low

0.0016

Negligible

4. Dengue virus
evolution
5. Dengue transmission

0.01

Negligible

0.05

Very low

0.0005

Negligible

0.01

Negligible

0.015

Negligible

0.00015

Negligible

6. Clinical symptoms
complication
7. Other pathogens

0.01

Negligible

0.05

Negligible

0.0005

Negligible

0

Negligible

0.05

Negligible

0

Negligible

8. Cases

0.01

Negligible

0.012

Negligible

0.00012

Negligible

0

Negligible

0

Negligible

0

Negligible

0

Negligible

0

Negligible

0

Negligible

9. Severity of disease
10. Worsen Public Health

6.3.4

Socio-economic

In the discussion of consequences related to the socio-economic change hazards, the
experts were drawn to concentrate on tourism since Khanh Hoa is one of the most popular
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sites in Vietnam. However, most of hazards were rated at either very low or negligible for
consequence. 4 hazards were rated as low, including opinion conflict, behavior change,
mental confusion and adverse media. The endpoint worse social-economic change was
given a negligible consequence rating, which calculated out to a negligible risk rating for this
endpoint.

Table 17. 16 consensus estimates for likelihood, consequence and risk by Socio-Economics
Socio-economic
1 Worse socioeconomic change
2 Economics change

Cons. Likelihood Cons.
likelihood
scale
Conseq.
0.01
Negligible
0.01

Conseq.
scale
Negligible

Conseq.
risk
0.0001

Risk matrix
state
Negligible

0.01

Negligible

0.01

Negligible

0.0001

Negligible

3 Social change

0.01

Negligible

0.05

Very low

0.0005

Negligible

4 Lost income

0.02

Very low

0.01

Negligible

0.0002

Negligible

5 Expense change

0.01

Negligible

0.05

Very low

0.0005

Negligible

6 Reduced real estate
value
7 Reduced productivity

0.05

Very low

0.01

Negligible

0.0005

Negligible

0.02

Very low

0.01

Negligible

0.0002

Negligible

8 Reduced tourism

0.15

Low

0.10

Very low

00015

Negligible

9 Increase public
expense
10 Increased household
expense
11 Opinion conflict

0.01

Negligible

0.01

Negligible

0.0001

Negligible

0.02

Very low

0.10

Very low

0.002

Negligible

0.02

Very low

0.30

Low

0.006

Negligible

12 Immigration

0.01

Negligible

0.05

Very low

0.0005

Negligible

13 Behavior change

0.02

Very low

0.30

Low

0.006

Negligible

14 Influenced living

0.02

Very low

0.10

Very low

0.002

Negligible

15 Mental confusion

0.10

Negligible

0.30

Low

0.03

Negligible

16 Adverse media

0.30

Low

0.30

Low

0.09

Negligible
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6.4

Summary: expert elicitation on risk estimate

As seen in Table 18, most of the hazards were scored by experts at a negligible level of risk.
There were 2“very low” risks - “Transfer to predators” and “Transfer to humans. We would
recommend that these risks be addressed during project planning and implementation.

RA Team Leader Dr Nguyen Dinh Cuong elicits discussion from all experts on the findings of
each group in order to gain consensus
Table 18.Summary of 49 consensus estimates for likelihood, consequence and risk (ranked
by risk) for ‘Cause More Harm’ endpoint.
No.

Hazard

Cons. Likelihood Cons.
likelihood
scale
Conseq.
0.03
Very low
0.95

Conseq.
scale
High

Conseq. Risk matrix
risk
state
0.0285
Very low

1.

Transfer to humans

2.

Transfer to predators

0.08

Very low

0.75

High

0.06

Very low

3.

Adverse media

0.30

Low

0.30

Low

0.09

Negligible

4.

0.06

Very low

0.60

Moderate

0.036

Negligible

0.05

Very low

0.60

Moderate

0.03

Negligible

8.

Reduced management
efficacy
Reduced mosquito
control
Increased mosquito
control at households
Transfer into
environment
Transfer to animals

9.

Transfer to other animals

5.
6.

0.04

Very low

0.40

Moderate

0.016

Negligible

0.01

Negligible

0.75

High

0.0075

Negligible

0.04

Very low

0.6

Moderate

0.024

Negligible

0.01

Negligible

0.4

Moderate

0.004

Negligible

10. Longevity/lifespan

0.01

Negligible

0.13

Low

0.0013

Negligible

11. Fecundity

0.02

Very low

0.11

Low

0.0022

Negligible

12. Host biting

0.04

Very low

0.20

Low

0.008

Negligible

13. Host component

0.09

Very low

0.20

Low

0.018

Negligible

14. Dengue transfer intensity

0.02

Very low

0.15

Low

0.003

Negligible

15. Vector replacement

0.02

Very low

0.30

Moderate

0.006

Negligible

16. Ecosystem change

0.02

Very low

0.25

Low

0.005

Negligible

17.

0.02

Very low

0.05

Very low

0.001

Negligible	
  

7.

Ecosystem health
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18. Insecticide resistance

0.03

Very low

0.50

Moderate

0.015

Negligible

19. Increased exposure to
DF
20. New ineffective
pathotypes of bacteria
21. New disease occurrence

0.02

Very low

0.70

Moderate

0.014

Negligible

0.01

Negligible

0.50

Moderate

0.005

Negligible

0.01

Negligible

0.70

Moderate

0.007

Negligible

22. Reduced concern and
investment
23. Mosquito density

0.02

Very low

0.35

Moderate

0.007

Negligible

0.01

Negligible

0.05

Very low

0.0005

Negligible

24. Feeding frequency

0.01

Negligible

0.02

Very low

0.0002

Negligible

25. Host preference

0.04

Very low

0.04

Very low

0.0016

Negligible

26. Dengue virus evolution

0.01

Negligible

0.05

Very low

0.0005

Negligible

27. Dengue transmission

0.01

Negligible

0.015

Negligible

0.00015

Negligible

28. Clinical symptoms
complication
29. Other pathogens

0.01

Negligible

0.05

Negligible

0.0005

Negligible

0

Negligible

0.05

Negligible

0

Negligible

30. Inceased cases

0.01

Negligible

0.012

Negligible

0.00012

Negligible

31. Severity of disease

0

Negligible

0

Negligible

0

Negligible

32. Worsen Public Health

0

Negligible

0

Negligible

0

Negligible

33. Worse socio-economic
change
34. Economics change

0.01

Negligible

0.01

Negligible

0.0001

Negligible

0.01

Negligible

0.01

Negligible

0.0001

Negligible

35. Social change

0.01

Negligible

0.05

Very low

0.0005

Negligible

36. Lost income

0.02

Very low

0.01

Negligible

0.0002

Negligible

37. Expense change

0.01

Negligible

0.05

Very low

0.0005

Negligible

38. Reduced real estate
value
39. Reduced productivity

0.05

Very low

0.01

Negligible

0.0005

Negligible

0.02

Very low

0.01

Negligible

0.0002

Negligible

40. Reduced tourism

0.15

Low

0.10

Very low

00015

Negligible

41. Increased public
expense
42. Increased household
expense
43. Opinion conflict

0.01

Negligible

0.01

negligible

0.0001

Negligible

0.02

Very low

0.10

Very low

0.002

Negligible

0.02

Very low

0.30

Low

0.006

Negligible

44. Immigration

0.01

Negligible

0.05

Very low

0.0005

Negligible

45. Behavioral change

0.02

Very low

0.30

Low

0.006

Negligible

46. Influenced living

0.02

Very low

0.10

Very low

0.002

Negligible

47. Mental confusion

0.10

Negligible

0.30

Low

0.03

Negligible

The endpoint “Cause More Harm”
No.
48 Case More Harm

Cons.
Likelih.
likelihood
scale
0.02
Very low

Cons.
Conseq.
0.20

Conseq.
scale
Very low

Conseq.
risk
0.004

Risk matrix
state
Negligible

Risk Estimation Matrix
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A risk matrix was set up to combine the estimates of likelihood and consequence for each
hazard to calculate risk. Risk was estimated for each hazard using the group consensus
scores and plotted in the matrix.
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Negligible

Table 19.Risk Estimation Matrix populated with final 49 hazards based on group consensus scores for likelihood and consequence.

Negligible
0.0 – 0.01
Negligible Risk
- Other diseases
- Increased exp.
- Socio-economic
change

Very Low
Negligible Risk

High
0.75 – 0.95
Negligible Risk
- Transfer into
Environment
- Severity

Very High
0.96 – 1.0
Very Low Risk

Negligible Risk
- Cause more harm
- Vector replacement
- Haemorrhagic fever
transfer intensity
- Host biting
- Mosquito fecundity
- Host preference
- Mental confusing
- Opinion conflict
- Changed behaviour
Negligible Risk
- Host species
component
- Adverse media

Negligible Risk
- Transfer to animal
- Transfer to other animals
- Insecticide resistance
- Increased exposure
- Increased DF control at
households
- Reduced management
efficacy
- Reduced mosquito
control.
Very Low Risk

Very Low Risk
- Transfer to
predators
- Transfer to humans

Low Risk

Low Risk

Moderate Risk

Very Low Risk

Low Risk

Moderate Risk

High Risk

Negligible Risk

Negligible Risk
- New disease occurs
- Reduced concern and
investment
- Reduced tourism
Negligible Risk

Negligible Risk

Very Low Risk

Low Risk

Moderate Risk

High Risk

Extreme
Risk

Negligible Risk

Very Low Risk

Low Risk

Moderate Risk

High Risk

Extreme
Risk

Very
high

High

Mod.

Low

LIKELIHOOD

Negligible Risk
- Reduced
productivity
- Lost income
- Reduced real
estate

Very Low
0.02 – 0.10
Negligible Risk
- Mosquito density
- Biting frequency
- Dengue transmission
- Clinical symptoms
- Public Health
- Decreased immigration
Negligible Risk
- New ineffective bacteria
with low effectiveness
- Occurrence of new disease
- Increased household exp.
- Influenced living

CONSEQUENSE
Low
Moderate
0.11 – 0.30
0.31 – 0.74
Negligible Risk
Negligible Risk
- Mosquito fecundity
- More dengue fever cases
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7. Overall conclusions and recommendations
7.1

Overall conclusions

Aedes aegypti, a cosmophilic species, is the primary vector of several arboviruses such as
the dengue fever, Chikungunya, and yellow fever. The species is typically anthropophilic,
breeding around or inside houses. Until now, there are no specific treatments or effective
vaccines to fight dengue fever. In the meantime, disease monitoring and vector control
programs are the only methods available for dengue prevention. However, these measures
largely involve insecticide-based programs that are expensive to apply and maintain in the
long run. Therefore, development of new methods for effective control of Aedes aegypti
using Wolbachia is of great global significance.
It is estimated that there is a negligible risk that the release of Aedes aegypti containing
Wolbachia will result in more harm than what is currently caused by naturally occurring
Aedes aegypti over a 30-year timeframe.
There were a number of concerns raised by the experts that will require monitoring over time.
These included the lack of understanding on the biology and behaviour of Wolbachia, the
interaction of Wolbachia with other species, as well as theprocesses and calculators used
during the risk assessment. While we can equate these concerns to the newness of
Wolbachia and health risk assessments, we can conclude that this risk assessment drew
results from an analysis of the opinions of experts that were based on global evidence and
each expert’s practical experiences. The results of this risk assessment must be viewed as a
fluid process, requiring the continual addition of new research on Wolbachia into the matrix to
determine whether hazards are changing and risks are increasing.
In hindsight we would also conclude that this is a very cautious result, with experts preferring
to err on the higher side of both likelihood and consequences of each hazard. This was
especially evident in the “transfer to humans” and “transfer to predators” result, where
experts were determined that the consequence of such hazards should be high, even though
there is little evidence to substantiate that claim.

7.2

Recommendations

Although the estimated likelihood and consequences of possible hazards were identified and
ranked by the experts at the negligible level, the team would recommend the project to pay
attention to the following measures in planning and monitoring the project “Pilot Field Trial of
Aedes aegypti mosquitoes infected with the Wolbachia pipientis bacteria to reduce the ability
of mosquitoes to transmit the dengue virus in Tri Nguyen village, Hon Mieu Island, Khanh
Hoa province”:

	
  

•

It is necessary that when releasing Wolbachia infected mosquitos all related legal
documents of Vietnam such as Law on Biodiversity, the Regulations on Imported
Animal and Invasive Alien Species Guaranty, etc.

•

During the field release, it is necessary to control and keep WolbachiaAedes aegypti
population absolutely separated from outside Aedes aegypti populations

•

Beside the establishment and implementation of a monitoring and supervision plan,
the project should develop a preparedness plan in order to detect and promptly
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respond to any risks that eventuate. The project should also ensure local biosafety
regulations and management procedures are followed should hazards occur.

•

•

All necessary measures to respond to a potential dengue outbreak should be
prepared and available for the pilot site

•

As a Wolbachiainfected Aedes aegypti release has been piloted in Australia, it is
suggested that the Vietnam project can benefit from the Australian experience for
mitigating risks that may haveoccurred in Australia.

•

Guidelines for laboratory multiplication, isolated small scale and release trials of
Wolbachiainfected mosquitoes needs to be developed based on the available
scientific evidence on Wolbachia and adopted at the national level to reduce any risk.
The project needs to continue community engagement activities and ensure that local
people are kept sufficiently informed and understand the pilot release project.
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