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Abstract  
 

Mosquitoes carrying endosymbiotic bacteria called Wolbachia are being released in mosquito and 

arbovirus control programs around the world. Open field releases of Wolbachia-infected male 

mosquitoes have achieved over 95% population suppression, while the replacement of populations with 

Wolbachia-infected females is self-sustaining and can greatly reduce local dengue transmission. Despite 

many successful interventions, significant questions and challenges lie ahead. Wolbachia, viruses and 

their mosquito hosts can evolve, leading to uncertainty around the long-term effectiveness of a given 

Wolbachia strain, while few ecological impacts of Wolbachia releases have been explored. Wolbachia 

strains are diverse and the choice of strain to release should be made carefully, taking environmental 

conditions and the release objective into account. Mosquito quality control, thoughtful community 

awareness programs and long-term monitoring of populations are essential for all types of Wolbachia 

intervention. Releases of Wolbachia-infected mosquitoes show great promise, but existing control 

measures remain an important way to reduce the burden of mosquito-borne disease.  

 

A brief introduction to Wolbachia 
 

Wolbachia are a group of Gram-negative bacteria that live inside the cells of insects and other 

arthropods. Wolbachia are normally maternally inherited, where females that carry Wolbachia transmit 

the infection to their offspring (Newton et al., 2015). On rare occasions, Wolbachia can spread between 

species through routes such as predation and parasitism (Sanaei et al., 2020). Wolbachia are best known 

for their effects on host reproduction. Wolbachia may increase the proportion of females produced by 

their host by killing or feminizing male offspring (Hurst and Jiggins, 2000). Wolbachia can also trigger 

asexual reproduction in females, removing the need for males entirely (Huigens and Stouthamer, 2003, 

Ma and Schwander, 2017). More commonly, Wolbachia induce cytoplasmic incompatibility, where 

males infected with Wolbachia do not produce viable offspring with females that are not infected 
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(Shropshire et al., 2020). These effects on reproduction aid the spread of Wolbachia through 

populations by making the females that carry and transmit Wolbachia relatively more fit.  

 

Wolbachia can also provide direct host fitness benefits (Zug and Hammerstein, 2015). For instance, 

Wolbachia can increase host lifespan or fecundity through nutritional provisioning (Brownlie et al., 2009, 

Ju et al., 2020) or altering programmed cell death (Fast et al., 2011, Guo et al., 2018). Furthermore, 

Wolbachia can protect their hosts against natural pathogens, including viruses (Teixeira et al., 2008, 

Hedges et al., 2008). The dramatic effects of Wolbachia on their hosts are being used to control 

mosquito populations through releases of Wolbachia-infected mosquitoes into the environment (Figure 

1B). 

 

Effects of natural and artificial Wolbachia infections in mosquitoes 

 

Wolbachia are found naturally in about 30% of mosquito species (Inacio da Silva et al., 2021). Although 

Wolbachia are absent from many important vectors including Aedes aegypti (Gloria-Soria et al., 2018, 

Ross et al., 2020c) and most Anopheles species (Chrostek and Gerth, 2019, Walker et al., 2020), 

Wolbachia can be introduced artificially through a process called transinfection (Hughes and Rasgon, 

2014). To transfer Wolbachia to a new host, cytoplasm or tissue homogenate from a Wolbachia-infected 

insect is injected into mosquito embryos using a fine needle. Stably infected lines can be generated by 

selecting for Wolbachia-infected females each generation. Both natural and artificial Wolbachia 

infections can have effects on that are useful for mosquito control programs, including cytoplasmic 

incompatibility, pathogen blocking and host fitness costs (Figure 1B). 
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Figure 1. Wolbachia transmission and effects in mosquitoes. (A) Wolbachia are maternally inherited 

and cause cytoplasmic incompatibility. Wolbachia-infected females transmit Wolbachia to their 

offspring, regardless of whether males are Wolbachia-infected or uninfected. Uninfected females that 

mate with Wolbachia-infected males have fewer or no viable offspring due to cytoplasmic 

incompatibility. (B) Wolbachia have three key effects in mosquitoes that can be utilized to reduce 

pathogen transmission or mosquito population sizes. 

 

Cytoplasmic incompatibility 

 

Most Wolbachia infections in mosquitoes cause cytoplasmic incompatibility, where uninfected females 
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that mate with Wolbachia-infected males produce fewer (or no) viable offspring (Figure 1A). Female 

mosquitoes carrying Wolbachia are compatible with both Wolbachia-infected and uninfected males. 

Cytoplasmic incompatibility provides Wolbachia-infected females with a reproductive advantage, 

allowing Wolbachia to spread through mosquito populations. This advantage is frequency-dependent 

(Hoffmann and Turell, 1997); when Wolbachia is at a high frequency in the population, uninfected 

females have a high likelihood of mating with Wolbachia-infected males and becoming infertile. When 

Wolbachia is at a low frequency, cytoplasmic incompatibility provides little advantage because most 

uninfected females will mate with uninfected males. 

Cytoplasmic incompatibility is key to all Wolbachia-based mosquito control programs (Figure 1B). It can 

drive Wolbachia through mosquito populations, replacing the native population with mosquitoes that 

are less capable of transmitting viruses. When only Wolbachia-infected male mosquitoes are released, 

cytoplasmic incompatibility can reduce the fertility of wild female mosquitoes and their overall 

population size. Cytoplasmic incompatibility can occur between mosquitoes carrying different 

Wolbachia strains; when the infertility occurs in both directions this is called bidirectional 

incompatibility (Joubert et al., 2016, Atyame et al., 2014). By using Wolbachia infections with different 

patterns of cytoplasmic incompatibility it is possible to replace or crash mosquito populations even if 

they already carry Wolbachia (Zheng et al., 2019, Fu et al., 2010). 

The strength of cytoplasmic incompatibility (in other words, the proportion of eggs hatching from a 

cross between a Wolbachia-infected male and an uninfected female) depends on the Wolbachia strain 

and mosquito species. Most characterized Wolbachia infections in mosquitoes cause strong or complete 

cytoplasmic incompatibility (Fraser et al., 2017, Atyame et al., 2011, Dobson et al., 2001) but some do 

not cause any (Ant et al., 2018, Wu, 2020). The strength of cytoplasmic incompatibly is also related to 

the density of Wolbachia inside the mosquito, which can be influenced by environmental conditions. 

The wMel strain in Aedes aegypti shows complete cytoplasmic incompatibility under standard 

laboratory conditions but weakens when mosquitoes experience high temperatures (Ross et al., 2017) 

or hatch from quiescent eggs (Lau et al., 2021). For some natural Wolbachia infections, cytoplasmic 

incompatibility weakens as males age, likely corresponding to a decline in Wolbachia density 

(Kittayapong et al., 2002). 

 

There are no known cases of Wolbachia causing feminization, male killing or asexual reproduction in 

mosquitoes. However, Wolbachia strains with these effects could be useful for driving Wolbachia into 

mosquito populations and strains causing these effects could plausibly be introduced from other insects. 

 

Pathogen blocking 
 

Wolbachia are renowned for their ability to protect their hosts against and interfere with the 

transmission of pathogens. Wolbachia-induced pathogen protection was first discovered in Drosophila, 

where flies carrying Wolbachia had higher survival compared to uninfected flies when challenged with 

RNA viruses (Teixeira et al., 2008, Hedges et al., 2008) or the fungus Beauveria bassiana (Panteleev et 
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al., 2007). In mosquitoes, Wolbachia infections can interfere with the replication and transmission of 

human pathogens (Table 1), insect-specific viruses (Schnettler et al., 2016) and non-human animal 

pathogens including the filarial nematode Brugia pahangi (Kambris et al., 2009, Andrews et al., 2012) 

and rodent malaria parasites (Joshi et al., 2017). How Wolbachia can block pathogen transmission is not 

fully understood, but there appear to be multiple mechanisms involved (Terradas and McGraw, 2017, 

Lindsey et al., 2018), including immune up-regulation (Rances et al., 2012) and interactions with host 

lipids (Geoghegan et al., 2017, Koh et al., 2020, Manokaran et al., 2020). 

The pathogen blocking effects of some Wolbachia strains form the basis of mosquito release programs 

to reduce dengue transmission (Figure 1B). When natural Aedes aegypti populations carry the wMel or 

wAlbB Wolbachia strains at a high frequency, this reduces the vector competence of the population, 

resulting in fewer dengue cases (Ryan et al., 2019, Nazni et al., 2019, Indriani et al., 2020). Wolbachia 

infections do not always provide protection against pathogens, and the strength of blocking depends on 

the pathogen (Teixeira et al., 2008), insect host (Lu et al., 2012), Wolbachia strain (Osborne et al., 2009, 

Ferguson et al., 2015) and environmental conditions (Murdock et al., 2014, Chrostek et al., 2020, 

Mancini et al., 2020a, Caragata et al., 2013). The strength of virus blocking may also depend on the 

novelty of the Wolbachia-mosquito association (Terradas and McGraw, 2017); Wolbachia strains that 

show weak blockage in their native host can block much more effectively when transferred to a new 

host (Lu et al., 2012). However, some Wolbachia strains like wPip (originating from Culex 

quinquefasciatus) do not block, even in novel hosts (Moretti et al., 2018b, Fraser et al., 2020). 

 

Some Wolbachia infections can increase the probability of pathogen infection or transmission by 

mosquitoes (Hughes et al., 2012, Dodson et al., 2014) and there is a risk that releases of Wolbachia-

infected mosquitoes could increase rather than prevent disease. At low virus doses, the wMel strain in 

Ae. aegypti can increase the susceptibility of mosquitoes to dengue infection (King et al., 2018). 

Importantly, the Wolbachia strains in Ae. aegypti that are being released into the field, including wMel, 

have an overall suppressive effect on dengue transmission, both in laboratory (Ferguson et al., 2015, 

Carrington et al., 2017, Flores et al., 2020) and field trials (O'Neill et al., 2018, Ryan et al., 2019, Nazni et 

al., 2019, Indriani et al., 2020). However, given that pathogen blocking by Wolbachia is rarely complete, 

it is important to consider this variability when planning releases of Wolbachia-infected mosquitoes.  

 

Table 1. Wolbachia infections can block human pathogens transmitted by mosquitoes. Blocking is 

defined by a reduction in pathogen titer, infection rate or transmission rate in Wolbachia-infected 

mosquitoes compared to uninfected controls. Note that cases where Wolbachia infections have no 

effect or enhance pathogen infection are not included here, but see Pan et al. (2017) and Caragata and 

Moreira (2017).  

Pathogen Wolbachia strains (mosquito 

host species) 

Selected references 

Dengue virus wAlbB (Aedes aegypti) Bian et al. (2010) 

wMelPop (Aedes aegypti) (Moreira et al., 2009a, Ferguson et al., 

2015) 
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wMel (Aedes aegypti) (Walker et al., 2011, Carrington et al., 

2017) 

wMelCS (Aedes aegypti) (Fraser et al., 2017) 

wRi (Aedes aegypti) (Fraser et al., 2017) 

wAu (Aedes aegypti) (Ant et al., 2018) 

wMel/wAlbB (Aedes aegypti) (Joubert et al., 2016) 

wMel (Aedes albopictus) (Blagrove et al., 2012) 

wMel/wPip (Aedes albopictus) (Moretti et al., 2018b) 

wAlbA/wAlbB (Aedes albopictus) (Mousson et al., 2012) 

wAu/wAlbA/wAlbB (Aedes 

albopictus) 

(Mancini et al., 2020b) 

wAlbB (Aedes polynesiensis) (Bian et al., 2013b) 

Zika virus wAlbB (Aedes aegypti) (Ant et al., 2018) 

wMel (Aedes aegypti) (Dutra et al., 2016, Aliota et al., 2016a) 

wAlbA (Aedes aegypti) (Chouin-Carneiro et al., 2020) 

wAu (Aedes aegypti) (Ant et al., 2018) 

wAlbB (Aedes albopictus1) (Schultz et al., 2017) 

wStri (Aedes albopictus1) (Schultz et al., 2017) 

wAu/wAlbA/wAlbB (Aedes 

albopictus) 

(Mancini et al., 2020b) 

Chikungunya virus wMelPop (Aedes aegypti) (Moreira et al., 2009a) 

wMel (Aedes aegypti) (van den Hurk et al., 2012, Aliota et al., 

2016b) 

wMel (Aedes albopictus) (Blagrove et al., 2013) 

wAlbB (Aedes albopictus1) (Raquin et al., 2015) 

wMel/wPip (Aedes albopictus) (Moretti et al., 2018b) 

West Nile virus wAlbB (Aedes aegypti) (Joubert and O'Neill, 2017) 

wMelPop (Aedes aegypti) (Hussain et al., 2013) 

wPip (Culex quinquefasciatus) (Glaser and Meola, 2010) 

Yellow Fever virus wMelPop (Aedes aegypti) (van den Hurk et al., 2012) 

wMel (Aedes aegypti) (Rocha et al., 2019) 

Sindbis virus wAlbB (Aedes aegypti) (Bhattacharya et al., 2020) 

wAlbB (Aedes albopictus1) (Ekwudu et al., 2020) 

wStri (Aedes albopictus1) (Bhattacharya et al., 2020) 

wMel (Drosophila melanogaster2) (Bhattacharya et al., 2017, Nainu et al., 

2019) 

Semliki forest virus wAlbB (Aedes aegypti) (Ant et al., 2018) 

wMel (Aedes aegypti) (Ant et al., 2018) 

wAu (Aedes aegypti) (Ant et al., 2018) 

wMel (Drosophila melanogaster2) (Rainey et al., 2016) 
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Ross River virus wAlbB (Aedes albopictus1) (Ekwudu et al., 2020) 

Barmah Forest virus wAlbB (Aedes albopictus1) (Ekwudu et al., 2020) 

Mayaro virus wMel (Aedes aegypti) (Pereira et al., 2018, Sucupira et al., 2020) 

Plasmodium 

falciparum  

(human malaria 

parasite) 

wAlbB3 (Anopheles gambiae) (Hughes et al., 2011) 

wMelPop3 (Anopheles gambiae) (Hughes et al., 2011) 

wAlbB (Anopheles stephensi) (Bian et al., 2013a) 

1 mosquito cell line 

2 non-mosquito cell line model 

3 somatic (transient) Wolbachia infection 

 

Host fitness costs  
 

Wolbachia infections may alter the fitness of their hosts, with effects depending on the Wolbachia strain 

and insect host. Natural Wolbachia infections in mosquitoes tend to be benign (Rasgon and Scott, 2003, 

Baton et al., 2013) or even beneficial, with Wolbachia-infections conferring increased fertility or 

lifespans (Brelsfoard and Dobson, 2011, Dobson et al., 2002). In contrast, Wolbachia infections typically 

have harmful effects when transferred to novel mosquito hosts (Ross et al., 2019c). Most drastic are 

their effects on female fertility, with almost all Wolbachia transinfections reducing fecundity or egg 

hatch (Axford et al., 2016, Fraser et al., 2017, Ant et al., 2018). These negative effects become 

pronounced with age, such as when eggs are quiescent (Allman et al., 2020), or appear under poor 

nutritional conditions (Caragata et al., 2014). Consequently, the negative effects of Wolbachia strains 

are likely to be underestimated when evaluated under standard laboratory conditions. 

Host fitness costs of Wolbachia can be utilized during mosquito release programs (Figure 1B). Before the 

discovery that Wolbachia could block pathogen transmission, a deleterious strain of Wolbachia called 

wMelPop (Min and Benzer, 1997) was introduced to Ae. aegypti mosquitoes. wMelPop shortens 

mosquito lifespan (McMeniman et al., 2009, Ross et al., 2020a) and reduces the blood feeding success of 

older females (Turley et al., 2009, Moreira et al., 2009b). These effects could indirectly reduce dengue 

transmission because wMelPop-infected mosquitoes are less likely to survive long enough to feed on an 

infected person, incubate the virus, then transmit it to a new host (Brownstein et al., 2003, Rasgon et 

al., 2003, Cook et al., 2008). Host fitness costs can also be used to suppress mosquito populations once a 

Wolbachia strain is established (Rašić et al., 2014, Ritchie et al., 2015). However, these same effects 

could prevent the establishment of Wolbachia in the population if they are too severe (Nguyen et al., 

2015).  

 

The use of Wolbachia for mosquito control 
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Wolbachia-infected mosquitoes can be used in three main ways to control mosquito populations, with 

each approach having distinct objectives that rely on different Wolbachia traits (Figure 2). All types of 

Wolbachia intervention involve the release of Wolbachia-infected mosquitoes (either naturally 

occurring or transinfected) from the lab into the field. Unlike conventional vector control, Wolbachia 

releases target a single mosquito species. The released mosquitoes are intended to mate with wild 

mosquitoes and/or reproduce in the natural environment. Releases can either introduce Wolbachia 

infections into the target species, suppress populations of the target species, or both (Figure 2). 

 

 

Figure 2. Three ways to use Wolbachia for mosquito and mosquito-borne pathogen control. (A) 

‘Population replacement’ involves releasing Wolbachia-infected mosquitoes with the aim of spreading 

Wolbachia through the population to reduce mosquito vectorial capacity. (B) ‘Population suppression’ 

involves releasing only male mosquitoes that cause cytoplasmic incompatibility to reduce the fertility of 

wild mosquitoes and temporarily crash the population. (C) ‘Population replacement followed by 

suppression’ involves releasing Wolbachia-infected mosquitoes that cause substantial host fitness costs 
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with the aim of directly reducing the vector competence of mosquitoes as well as reducing the 

population size. In the ‘Release dynamics’ column, yellow and gray shaded regions show the proportion 

of Wolbachia-infected and wild mosquitoes respectively in the population. 

 

Population replacement 

Population replacement programs (Figure 2A) use cytoplasmic incompatibility to spread Wolbachia 

through a mosquito population to reach a stable high frequency, with the overall goal of reducing the 

vectorial capacity of mosquitoes. This approach requires a Wolbachia strain that directly blocks human 

pathogen transmission (Table 1) or indirectly reduces mosquito vectorial capacity, such as by shortening 

adult lifespan (McMeniman et al., 2009). Alternatively, the Wolbachia strain could be coupled with an 

anti-pathogen transgene (Curtis and Sinkins, 1998, Buchman et al., 2020). 

 

Population replacement programs involve the release of both male and female Wolbachia-infected 

mosquitoes. Both sexes contribute to Wolbachia proliferation; Wolbachia-infected females transmit 

Wolbachia to their offspring, while Wolbachia-infected males mate with wild females and induce 

cytoplasmic incompatibility, increasing the relative fitness of Wolbachia-infected females. Once 

Wolbachia-infected mosquitoes reach a threshold frequency in the population, Wolbachia can spread by 

itself without further releases of mosquitoes. The threshold frequency depends on the fidelity of 

Wolbachia maternal transmission and cytoplasmic incompatibility, as well as the host fitness costs of 

Wolbachia infection (Caspari and Watson, 1959, Hoffmann and Turell, 1997). For the wMel strain in Ae. 

aegypti which has relatively low host fitness costs, the threshold frequency is estimated to be 20-30% 

(Hoffmann et al., 2011). If the frequency of Wolbachia in the population is below this point, the infection 

will likely be lost without further releases of Wolbachia-infected mosquitoes. 

 

The number of Wolbachia-infected mosquitoes required for successful population replacement depends 

on the native mosquito population density and the size of the release area. Releases can be timed so 

that the mosquito population is at its lowest point; alternative mosquito control efforts prior to releases 

can aid population replacement (Hoffmann et al., 2011). Population replacement releases can involve 

hundreds of thousands to millions of mosquitoes. The first Wolbachia population replacement program 

in Cairns, Australia involved the weekly release of ~30,000 Wolbachia-infected Ae. aegypti for 10 weeks 

in two suburbs with an estimated population size of ~20,000 Ae. aegypti (Hoffmann et al., 2011, Ritchie 

et al., 2013). Releases and monitoring (i.e. regular Wolbachia screening of wild mosquitoes) should 

continue until the frequency of Wolbachia is well above the threshold for several weeks. 

 

Population replacement is irreversible; once a Wolbachia infection has established it may persist 

indefinitely. The wMel strain of Wolbachia has remained at high frequencies in Cairns for a decade (Ryan 

et al., 2019) with other programs also showing persistence of Wolbachia across multiple years 

(Tantowijoyo et al., 2020, Ahmad et al., 2021). In continuous populations, where an area with 

Wolbachia-infected mosquitoes is adjacent to an area with uninfected mosquitoes, Wolbachia can 

continue to spread outside the release area (Schmidt et al., 2017). The rate of spread depends on 

Wolbachia traits such as host fitness costs (Turelli and Barton, 2017) but also the environment; 
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heterogeneity in mosquito population densities (Hancock et al., 2019) and landscape features that 

inhibit mosquito dispersal (Schmidt et al., 2018) can both slow spread. In Ae. aegypti, wMel spreads at a 

rate of 100-200 meters per year (Schmidt et al., 2017) or less (Tantowijoyo et al., 2020), making it 

possible to contain Wolbachia within a local area. Consequently, releases across most of the target 

location may be required for complete Wolbachia coverage. Once established, Wolbachia infections can 

only drop out of the population if incomplete maternal transmission and/or immigration of uninfected 

mosquitoes push the Wolbachia frequency below the threshold required for spread. This irreversibility 

means that population replacement can provide ongoing protection from dengue without the need for 

further intervention.  

 

Population suppression 

 

Population suppression programs (Figure 2B) rely on the release of Wolbachia-infected males to induce 

cytoplasmic incompatibility with wild females, making them infertile. Wolbachia-based population 

suppression (also known as the incompatible insect technique) is like the sterile insect technique 

(Benedict, 2021), but uses cytoplasmic incompatibility rather than irradiation as the method of reducing 

female fertility. Population suppression programs require accurate sex sorting so that only male 

mosquitoes are released. Sex sorting is typically achieved through mechanical separation at the pupal 

stage, followed by visual inspection of the adults to remove any remaining females (O'Connor et al., 

2012, Mains et al., 2016). Recent releases have also used automated processes including machine 

learning to allow for larger-scale and more efficient sex sorting (Crawford et al., 2020).  

 

For population suppression to be effective, large numbers of Wolbachia-infected males need to be 

released over a sustained period. Suppression is easier to achieve when the mosquito population is low, 

such as during the dry season, because higher ratios of Wolbachia-infected males to wild males will 

increase the likelihood of female infertility (Chambers et al., 2011). Ratios of at least 5:1 (Wolbachia-

infected to wild males) are thought to be required for suppression (Pagendam et al., 2020); a recent 

program that achieved greater than 95% suppression involved release ratios that exceeded 50:1 

(Crawford et al., 2020). The released males must be able to survive under field conditions, inseminate 

wild females and induce cytoplasmic incompatibility, so unfit males will reduce the efficiency of 

population suppression. Although Wolbachia infections do not typically affect male mating success 

(Segoli et al., 2014), the fitness of released males could decrease as a consequence of mass-rearing, 

inbreeding or adaptation to laboratory conditions (Ross et al., 2019a, Qureshi et al., 2019). 

Population suppression is substantially more labor-intensive than population replacement; it requires 

higher numbers of mosquitoes as well as accurate sex sorting. Population suppression is also temporary, 

requiring ongoing releases to maintain effectiveness. Elimination of a population is unlikely; Wolbachia-

infected males may not reach all wild females in the population if coverage is incomplete or females 

exhibit mating preferences. Since Aedes eggs may undergo diapause or quiescence, fertile adults could 

appear for months after releases begin. Even if elimination is successful, the population can re-establish 

from immigrant mosquitoes if suitable habitat remains. Consequently, suppression is likely to be more 
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effective in locations that are geographically isolated from other mosquito populations (O'Connor et al., 

2012, Crawford et al., 2020). 

Population suppression, even if temporary, is still an effective way to control mosquito populations and 

brings several advantages over population replacement. Population suppression may be perceived more 

favorably by the community because it can reduce nuisance biting by mosquitoes as well as the threat of 

disease. Because releases do not involve biting females, obtaining regulatory approval is also more 

straightforward (Murray et al., 2016). Furthermore, the Wolbachia-infected mosquitoes are not 

intended to persist in the population, which may ease potential concerns about irreversible changes to 

the ecosystem. Because direct pathogen blocking by females is not required, any Wolbachia strain that 

induces cytoplasmic incompatibility (even natural Wolbachia infections) can potentially be used for 

population suppression. This means that population suppression can target a much broader range of 

mosquito species, including mosquitoes where Wolbachia has no effect on pathogen transmission or 

mosquitoes that are more important as nuisance pests than vectors. 

 

Population replacement followed by suppression 

  
 ‘Population replacement followed by suppression’ aims to reduce the mosquito population size after 

the Wolbachia infection has already established in the population (Figure 2C). This strategy requires a 

Wolbachia strain that causes host fitness costs and involves the release of both males and females. Once 

the Wolbachia infection is at a high frequency, host fitness costs can reduce the size of the population 

by decreasing mosquito survival or fertility. If the Wolbachia infection is at an intermediate frequency in 

the population, cytoplasmic incompatibility can also contribute to population suppression by making 

some females infertile, particularly when incompatibility is bidirectional (Moretti et al., 2018a). 

Furthermore, Wolbachia strains that have pathogen blocking effects can further reduce the vectorial 

capacity of the remaining mosquitoes.  

The extent of population suppression will depend on the nature and severity of the host fitness costs. 

When costs are triggered by environmental conditions, such as high temperatures or low rainfall, 

releases of Wolbachia-infected mosquitoes can be timed to facilitate the spread of Wolbachia when 

costs are low, followed by seasonal suppression when costs are high (Rašić et al., 2014, Ritchie et al., 

2015). Most Wolbachia transinfections in mosquitoes reduce the viability of quiescent eggs (Allman et 

al., 2020), making it possible use these strains for population suppression during long dry seasons when 

rainfall is infrequent. Aedes aegypti carrying the wMel strain of Wolbachia become partially self-

incompatible at high temperatures (Ross et al., 2019b), which may decrease population sizes during the 

hottest times of the year. If host fitness costs occur regardless of conditions, ongoing suppression could 

be achieved without further mosquito releases if the Wolbachia infection remains in the population. If 

host fitness costs are too severe, stable population replacement may not be possible (Nguyen et al., 

2015), but releases may still achieve temporary suppression. 

 

Replacement followed by suppression has not yet been undertaken deliberately in the field, but semi-
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field trials demonstrate its potential (Ritchie et al., 2015). Some population replacement releases may 

have already achieved unintended suppression. Releases of wAlbB-infected Ae. aegypti in Malaysia 

decreased the size of the Ae. aegypti population in some locations (Nazni et al., 2019), possibly due to 

host fitness costs in mosquitoes hatching from quiescent eggs (Lau et al., 2021). Because all Wolbachia 

strains being used for population replacement have host fitness costs, observed decreases in dengue 

transmission could in part be explained by decreased vector population sizes. Population replacement 

releases should therefore include monitoring of mosquito abundance in addition to Wolbachia 

frequencies. 

 

Field releases around the world  
 

Population replacement 
 

Mosquitoes carrying Wolbachia infections are now being released in open field trials (Figure 3). The first 

population replacement release was conducted in 2011, leading to establishment of the wMel 

Wolbachia strain in two Ae. aegypti populations in Cairns, Australia (Hoffmann et al., 2011). Following 

this success, releases expanded to cover a total area of 150 km2 throughout Australia’s current Ae. 

aegypti distribution (O'Neill et al., 2018, Ryan et al., 2019). Although dengue is not endemic in Australia, 

imported dengue cases frequently result in local outbreaks. Today, local dengue transmission in 

Australia has almost completely been eliminated in locations where Wolbachia infections have 

established (O'Neill et al., 2018, Ryan et al., 2019). 
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Figure 3. Milestone releases of Wolbachia-infected mosquitoes for population replacement or 

population suppression. 

 

Population replacement programs are now operating in over 10 countries 

(http://worldmosquitoprogram.org, (Nazni et al., 2019). Wolbachia infections can invade and persist in 

natural populations (Garcia et al., 2019, Tantowijoyo et al., 2020) and reduce dengue transmission 

(Nazni et al., 2019, Indriani et al., 2020) in locations where dengue is endemic. Randomized controlled 

trials are also underway (Anders et al., 2018), with (unpublished) results from Yogyakarta, Indonesia 

indicating a 77% reduction in dengue transmission in locations where Wolbachia-infected mosquitoes 

have been released (https://www.worldmosquitoprogram.org/en/news-stories/media-releases/world-

mosquito-programs-wolbachia-method-dramatically-reduces-dengue). Because Wolbachia infections 

remain in the population, population replacement is likely to provide long-term protection against 

dengue. 

Not all population replacement releases have been successful. The wMelPop Wolbachia infection 

dropped out of natural populations after reaching high frequencies in two locations, likely because the 

host fitness costs of this strain are severe (Nguyen et al., 2015). Releases with wMel in Rio de Janeiro, 

Brazil initially failed because insecticide-susceptible mosquitoes were being released into locations with 

heavy insecticide use, greatly reducing their fitness compared to the insecticide-resistant wild 

population (Garcia et al., 2019). Wolbachia may also drop out from some locations if immigration of 

uninfected mosquitoes is too high, requiring additional releases (Nazni et al., 2019). Although complete 

population replacement can be challenging, arbovirus transmission could still decrease if replacement is 

temporary or incomplete. In Niterói, Brazil, wMel establishment was highly heterogeneous across 
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different release regions, but dengue cases decreased even in sites where wMel was at a low to 

intermediate frequency (Pinto et al., 2021), possibly due to cytoplasmic incompatibility decreasing the 

relative population size of Ae. aegypti. 

To date, population replacement programs have only been undertaken in Ae. aegypti, with almost all 

involving the wMel Wolbachia strain. Although most research has focused on dengue, Wolbachia can 

block a variety of human pathogens in several vector species (Table 1), raising opportunities to expand 

release programs to target alternative mosquito hosts and human pathogens. Given the diversity of 

Wolbachia strains in nature, strains may exist that could more effectively block pathogen transmission 

and persist in populations.  

 

 

Population suppression 

 

Wolbachia-based population suppression has a long history. The first releases took place during the 

1960s in Culex pipiens mosquitoes (Laven, 1967) before the discovery that cytoplasmic incompatibility 

was caused by infection with Wolbachia (Yen and Barr, 1973). Culex pipiens carry several related 

Wolbachia strains with diverse patterns of incompatibility (Atyame et al., 2014). Population suppression 

was achieved by releasing male mosquitoes from a population that carried a different Wolbachia strain 

to the target population, resulting in cytoplasmic incompatibility (Laven, 1967). A later study achieved 

suppression by releasing Aedes polynesiensis carrying a Wolbachia strain from Aedes riversi, a closely 

related species (O'Connor et al., 2012). These mosquitoes were generated by introducing the Wolbachia 

into an Ae. polynesiensis background through repeated backcrossing (Brelsfoard et al., 2008). 

 

Population suppression programs experienced a resurgence in the 2010s after the first successful 

Wolbachia transinfections in mosquitoes (Xi et al., 2005, Xi et al., 2006, McMeniman et al., 2009), 

making population suppression with Wolbachia now possible for Ae. aegypti and Ae. albopictus. Recent 

studies show that releases of Wolbachia-infected males can directly reduce female fertility as well as 

population sizes (Caputo et al., 2020, Mains et al., 2016, Mains et al., 2019, Crawford et al., 2020). 

Although population suppression can reduce the incidence of biting by female mosquitoes (Zheng et al., 

2019), no studies have linked reductions in mosquito populations to decreased disease incidence. 

Unfortunately, studies rarely include data from population monitoring after the release period, raising 

the question of how long suppression will last. 

 

A common criticism of Wolbachia-based population suppression is that the accidental release of 

Wolbachia-infected females (which are fertile) could result in unintended population replacement. 

Although low levels of contamination during sex sorting are common, unintended population 

replacement has not yet been observed. Population replacement will only occur if the frequency of 

Wolbachia-infected females exceeds the threshold required for Wolbachia to spread, meaning that a 

low level of contamination is unlikely to pose a threat (Pagendam et al., 2020). Furthermore, if the 

target mosquito population carries a different Wolbachia strain, this will further reduce the probability 

of unintended replacement because the presence of bidirectional cytoplasmic incompatibility will 
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increase the threshold frequency (Brelsfoard et al., 2008, Moretti et al., 2018a). To mitigate this risk, 

two recent population suppression programs irradiated all released mosquitoes to ensure that any 

released females are sterile (Zheng et al., 2019, Kittayapong et al., 2019). However, this added safeguard 

may come at the cost of reduced male mating competitiveness, requiring more males for the same level 

of suppression compared to Wolbachia infection alone.  

 

 

Choosing the right Wolbachia strain for the job 
 

Over 25 artificial Wolbachia infections have been generated in mosquitoes through transinfection, 

mainly in Ae. aegypti and Ae. albopictus (Ross et al., 2019c). These infections are diverse in their effects 

on pathogen blocking and host fitness costs, as well as their stability in different environments. 

Wolbachia superinfections, where more than one Wolbachia strain occupies a single mosquito, have 

also been generated, which can have cumulative effects (Joubert et al., 2016). For population 

suppression programs, the choice of Wolbachia strain is relatively simple: the best strain will induce 

complete cytoplasmic incompatibility with the target population and have as few host fitness costs as 

possible to increase the potential competitiveness of males. In contrast, ideal Wolbachia strains for 

population replacement do not exist, requiring a trade-off between Wolbachia infection stability, host 

fitness costs and pathogen blocking. The choice of Wolbachia strain must be made carefully. 

 

A successful population replacement program relies on Wolbachia infections invading and persisting in 

natural mosquito populations and blocking pathogen transmission. Three different Wolbachia strains in 

Ae. aegypti have been released in population replacement programs, to varying levels of success (Table 

2). wMel is the strain of choice for the World Mosquito Program, who have been involved in most 

population replacement releases to date (https://www.worldmosquitoprogram.org). wMel has 

relatively few host fitness costs, at least when tested under standard laboratory conditions (Ross et al., 

2019c). wMel reduces the transmission of several arboviruses (Table 1), although blocking is incomplete 

and can be quite variable when tested under realistic conditions (Carrington et al., 2017). w el’s 

greatest strength is perhaps its reputation, with demonstrated success in multiple field trials. wMel is 

used widely in basic research, including as a model for studying the mechanisms of pathogen blocking 

(Ford et al., 2019, Manokaran et al., 2020, Koh et al., 2020) and cytoplasmic incompatibility (LePage et 

al., 2017, Shropshire et al., 2018). A key limitation of wMel is its instability at high temperatures (Ulrich 

et al., 2016, Ross et al., 2017). Although wMel has successfully invaded multiple Ae. aegypti populations 

in the tropics (O'Neill et al., 2018, Ryan et al., 2019, Indriani et al., 2020), cytoplasmic incompatibility 

(Ross et al., 2019b) and dengue blocking (Mancini et al., 2020a) could weaken after wMel is established. 

Instability at high temperatures could help to explain the slow spread of wMel and fluctuating infection 

frequencies in some trial locations (Tantowijoyo et al., 2020, Ross et al., 2020b, Pinto et al., 2021), 

though direct comparisons between strains under field conditions have not yet been performed.  
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Table 2. Wolbachia strains are diverse in their effects. Comparison of the three Wolbachia strains in 

Aedes aegypti mosquitoes that have been that have been released in open field trials. For a 

comprehensive list of Wolbachia infections generated in mosquitoes, see table S1 of Ross et al. (2019c). 

 Wolbachia strain 

 wAlbB wMelPop wMel  

Original host Aedes albopictus Drosophila melanogaster Drosophila melanogaster 

Reference for 

first 

transinfection 

Xi et al. (2005) McMeniman et al. (2009) Walker et al. (2011) 

Features  Cytoplasmic 

incompatibility, maternal 

transmission, pathogen 

blocking. 

Cytoplasmic 

incompatibility, maternal 

transmission, pathogen 

blocking. 

Cytoplasmic incompatibility, 

maternal transmission, 

pathogen blocking. 

Key 

advantages 

Heat and antibiotic 

resistant, with 

Wolbachia phenotypes 

likely to be stable in 

different environments 

(Ross et al., 2017, 

Endersby-Harshman et 

al., 2019). 

 

Host fitness costs when 

eggs are quiescent could 

be utilized for seasonal 

population suppression 

(Lau et al., 2021). 

Strong pathogen 

blocking compared to 

other strains (Walker et 

al., 2011, Ferguson et al., 

2015). 

 

Substantial host fitness 

costs could be effective 

for temporary 

population suppression 

(Ritchie et al., 2015). 

Limited host fitness costs 

allow wMel to invade natural 

populations with relative 

ease (Walker et al., 2011). 

 

Demonstrated success in 

multiple field trials around 

the world 

(worldmosquitoprogram.org). 

Key 

disadvantages 

wAlbB-infected females 

hatching from quiescent 

eggs become infertile. 

This fitness cost could 

reduce Wolbachia 

invasion and persistence 

in locations with long dry 

seasons (Lau et al., 

2021). 

Severe costs to host 

fitness, particularly when 

mosquitoes age, make 

stable population 

replacement unlikely 

(McMeniman and 

O'Neill, 2010, Yeap et al., 

2011).  

 

Occasional maternal 

transmission instability, 

even under benign 

conditions (Ross et al., 

2020a). 

Instability at high 

temperatures could result in 

weakened cytoplasmic 

incompatibility, maternal 

transmission and pathogen 

blocking in tropical 

environments (Ross et al., 

2017, Ross et al., 2019b, 

Mancini et al., 2020a). 
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Field release 

outcomes 

wAlbB reached stable, 

high frequencies in some 

release locations in a 

population replacement 

program in Malaysia 

(Nazni et al., 2019). 

 

wAlbB suppressed 

populations in 

Singapore, Australia and 

the USA through male-

only releases (Crawford 

et al., 2020, Mains et al., 

2019), unpublished). 

wMelPop reached high 

frequencies in 

population replacement 

programs in Australia 

and Vietnam, but failed 

to persist (Nguyen et al., 

2015). 

wMel reached stable, high 

frequencies in population 

replacement programs in 

several countries including 

Australia, Indonesia and 

Brazil (Hoffmann et al., 2011, 

Garcia et al., 2019, 

Tantowijoyo et al., 2020), 

worldmosquitoprogram.org). 

 

 

wAlbB was the first Wolbachia strain to be introduced to Ae. aegypti (Xi et al., 2005) and is similar to 

wMel in many ways; both strains induce complete cytoplasmic incompatibility and have similar effects 

on pathogen blocking (Joubert et al., 2016, Flores et al., 2020). However, wAlbB is relatively stable at 

high temperatures (Ross et al., 2017, Ant et al., 2018) and its effects on host fitness can differ to wMel 

under some environmental conditions (Lau et al., 2021, Lau et al., 2020). When wAlbB-infected Ae. 

aegypti hatch from eggs that are more than a few weeks old, a substantial proportion of females that 

hatch are infertile (Lau et al., 2021). These traits could make wAlbB more effective Wolbachia than 

wMel for reducing dengue transmission in hot environments, but population replacement with wAlbB 

could be more challenging in locations with a long dry season.  

 

The wMelPop strain of Wolbachia is a variant of wMel that imposes a suite of costly effects on 

mosquitoes, including dramatically reduced lifespan and fertility (McMeniman et al., 2009, Turley et al., 

2009, Yeap et al., 2011). wMelPop is no longer being considered for field releases due to previous 

failures (Nguyen et al., 2015) but it remains a popular choice for basic research due to its strong and far-

reaching effects on insect hosts.  

 

Planning an effective Wolbachia release program 
 

Releases of mosquitoes carrying Wolbachia aim to reduce the incidence of disease (or nuisance biting) in 

a target population, but many factors will influence these objectives (Figure 4). Anyone undertaking a 

Wolbachia release program should first decide on the approach, whether it be replacement, 

suppression, or a combination. The choice will depend on aspects of the target population including the    

incidence of disease, local expertise and facilities, as well as public perception. Population replacement 

is more cost-effective (Brady et al., 2020) but may have greater perceived risks (Murphy et al., 2010). 
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Suppression could be preferred when nuisance biting is a key concern, when the release area is small 

and isolated, or when the costs associated with ongoing releases can be met. Population suppression is 

only possible in locations with the resources to mass-rear and sex mosquitoes, but population 

replacement can be done almost anywhere. Since sex-sorting is not required, mosquitoes can be mass-

reared remotely, shipped as eggs to the release site, and hatched locally. This approach was recently 

used for Wolbachia replacement releases in the Pacific Islands 

(http://www.eliminatedengue.com/pi/Progress/view/news/1063/pg/1). However, because storage and 

transport can reduce Wolbachia-infected egg viability (Allman et al., 2020), remote mass-rearing may 

increase production requirements and produce lower quality mosquitoes. 

 

Figure 4. Factors affecting the success of Wolbachia releases. This figure has been modified and 

expanded from Ross et al. (2019c). 

 

Controlling mosquito populations by releasing even more mosquitoes may seem counter-intuitive, 

especially when biting female mosquitoes are released. There are also potential risks unique to 
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Wolbachia releases, such as the possibility of Wolbachia spreading to non-target insects or enhancing, 

rather than suppressing, virus transmission. Community engagement programs are essential to ensure 

that the general public are informed and approve of releases (O'Neill et al., 2018, Costa et al., 2020). 

Engagement activities should clearly explain the Wolbachia technology and adequately address 

concerns from the community. Obtaining regulatory approval for Wolbachia releases is also necessary, 

but it is not enough. If the public oppose the technology or are unaware of the releases taking place, this 

will build mistrust and jeopardize future releases (Nading, 2014).  

Successful population replacement or suppression requires more than just releasing as many 

mosquitoes as possible. Mosquitoes must be of high quality and released with adequate coverage of the 

target area. Wolbachia releases must consider the host fitness costs of the Wolbachia strain but also the 

fitness of the mosquitoes they inhabit. Mosquitoes that are inbred or lacking local genetic traits (such as 

insecticide resistance) are unlikely to perform well in the field (Ross et al., 2019a, Garcia et al., 2019). 

Backcrossing mosquitoes to the target population can improve fitness (Yeap et al., 2011), but the 

Wolbachia infection must also be maintained at a high frequency in release stocks. Mosquito genetic 

background can influence pathogen blocking by Wolbachia (Terradas et al., 2017, Ford et al., 2019) as 

well as host fitness costs (Ritchie et al., 2015, Carvalho et al., 2020), making it important to evaluate 

strains in local mosquitoes before releases take place. Handling conditions are also crucial, since rearing, 

storage, transport and release procedures can affect mosquito quality (Chung et al., 2018, Culbert et al., 

2018).  

Release planning should involve careful consideration of the local environment, including landscape 

features and climate. Gaps in Wolbachia coverage may occur in areas where mosquito dispersal is 

limited (Jasper et al., 2019) or where population densities are heterogeneous (Hancock et al., 2019), 

requiring additional targeted releases. Wolbachia spread may depend on the distribution and 

productivity of larval habitats, with slower spread expected when larval competition is high (Hancock et 

al., 2016) and when habitats are unsheltered and reach high temperatures (Ross et al., 2019b). 

Verticality is also an important consideration; population suppression programs in dense urban 

environments with high-rise apartments may be ineffective if mosquitoes are only released at ground 

level (https://www.straitstimes.com/singapore/male-wolbachia-carrying-mozzies-to-be-released-in-

tampines-west-and-nee-soon-east-in-april). The nature of the local mosquito population can also affect 

release outcomes. In locations with multiple vector species, there is a risk that suppression of one 

species could increase the prevalence of others that occupy a similar niche, which could have 

unexpected consequences for pathogen transmission (Ritchie et al., 2018). Natural Wolbachia infections 

in the target mosquito population could also be an issue; if the resident Wolbachia strain is compatible 

with the release strain, this can prevent replacement or suppression (Ross et al., 2020c).  

 

Releases of Wolbachia-infected mosquitoes for population replacement began only a decade ago, so 

how long will Wolbachia remain effective for? Over time, the phenotypic effects of Wolbachia are 

expected to weaken due to evolutionary changes in Wolbachia, mosquitoes or pathogens (Bull and 

Turelli, 2013). In Ae. aegypti, Wolbachia have so far remained stable, with no observed changes in 

cytoplasmic incompatibility, fitness costs or virus blocking (Hoffmann et al., 2014, Frentiu et al., 2014, 

Ross and Hoffmann, 2018, Ahmad et al., 2021, Gesto et al., 2020) and few changes in the Wolbachia 
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genome (Huang et al., 2020) after field releases. No studies have tested whether Wolbachia releases 

cause genetic changes in mosquito populations, but mosquitoes could plausibly adapt to Wolbachia 

infection (White, 2011). Because Wolbachia and mitochondria are both maternally inherited, 

mitochondrial variants associated with the release strain will spread alongside Wolbachia, reducing the 

native diversity (Yeap et al., 2016, Huang et al., 2020). Since pathogen blocking by Wolbachia is usually 

incomplete, there is a risk that pathogens could evolve to bypass Wolbachia-mediated blocking. 

Laboratory selection experiments have failed to generate Wolbachia-resistant virus strains (Koh et al., 

2019, Martinez et al., 2019), but virus diversity is much greater in natural populations. There is also a 

risk that wild mosquitoes could evolve mating preferences against the released mosquitoes (Cator et al., 

2020), decreasing the effectiveness of Wolbachia releases over time. With the potential for evolutionary 

changes, ongoing monitoring of Wolbachia, pathogen and mosquito populations is crucial to ensure that 

releases continue to achieve their objective (Ritchie et al., 2018). If a Wolbachia strain loses its 

effectiveness, releases of different Wolbachia strains might extent the longevity of disease suppression 

(Joubert et al., 2016), but this will depend on the mechanisms involved.  

 

Conclusions 
 

Releases of Wolbachia-infected mosquitoes can be an effective tool for disease control, with field trials 

showing tangible impacts on mosquito populations and dengue transmission. Wolbachia releases are 

best used in conjunction with existing vector control measures and are not intended to replace them 

(Ritchie and Johnson, 2017). Source reduction, surveillance and community awareness programs will 

continue to be effective ways to reduce mosquito-borne disease (Fonseca et al., 2013, Healy et al., 2014, 

Trewin et al., 2017, Forsyth et al., 2020) and public awareness programs for Wolbachia releases should 

continue to emphasize the importance of these measures. Wolbachia releases currently focus on a 

handful of mosquito species but there is great potential for Wolbachia to control other vectors, pests 

and diseases (Gong et al., 2020, Mateos et al., 2020, Kamtchum-Tatuene et al., 2016). Expansions of 

Wolbachia releases around the world will likely have great benefits, but releases must be supported by 

ongoing research, monitoring and community engagement. 

 

References 

 

 

AHMAD, N. A., MANCINI, M. V., ANT, T. H., MARTINEZ, J., KAMARUL, G. M. R., NAZNI, W. A., 
HOFFMANN, A. A. & SINKINS, S. P. 2021. Wolbachia strain wAlbB maintains high density and 
dengue inhibition following introduction into a field population of Aedes aegypti. Philos Trans R 
Soc Lond B Biol Sci, 376, 20190809. 

ALIOTA, M. T., PEINADO, S. A., VELEZ, I. D. & OSORIO, J. E. 2016a. The wMel strain of Wolbachia reduces 
transmission of Zika virus by Aedes aegypti. Sci Rep, 6, 28792. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


ALIOTA, M. T., WALKER, E. C., URIBE YEPES, A., DARIO VELEZ, I., CHRISTENSEN, B. M. & OSORIO, J. E. 
2016b. The wMel strain of Wolbachia reduces transmission of chikungunya virus in Aedes 
aegypti. PLoS Negl Trop Dis, 10, e0004677. 

ALLMAN, M. J., FRASER, J. E., RITCHIE, S. A., JOUBERT, D. A., SIMMONS, C. P. & FLORES, H. A. 2020. 
Wolbachia's deleterious Impact on Aedes aegypti egg development: The potential role of 
nutritional parasitism. Insects, 11. 

ANDERS, K. L., INDRIANI, C., AHMAD, R. A., TANTOWIJOYO, W., ARGUNI, E., ANDARI, B., JEWELL, N. P., 
RANCES, E., O'NEILL, S. L., SIMMONS, C. P. & UTARINI, A. 2018. The AWED trial (Applying 
Wolbachia to Eliminate Dengue) to assess the efficacy of Wolbachia-infected mosquito 
deployments to reduce dengue incidence in Yogyakarta, Indonesia: study protocol for a cluster 
randomised controlled trial. Trials, 19, 302. 

ANDREWS, E. S., CRAIN, P. R., FU, Y., HOWE, D. K. & DOBSON, S. L. 2012. Reactive oxygen species 
production and Brugia pahangi survivorship in Aedes polynesiensis with artificial Wolbachia 
infection types. PLoS Pathog, 8, e1003075. 

ANT, T. H., HERD, C. S., GEOGHEGAN, V., HOFFMANN, A. A. & SINKINS, S. P. 2018. The Wolbachia strain 
wAu provides highly efficient virus transmission blocking in Aedes aegypti. PLoS Pathog, 14, 
e1006815. 

ATYAME, C. M., LABBE, P., DUMAS, E., MILESI, P., CHARLAT, S., FORT, P. & WEILL, M. 2014. Wolbachia 
divergence and the evolution of cytoplasmic incompatibility in Culex pipiens. PLoS One, 9, 
e87336. 

ATYAME, C. M., PASTEUR, N., DUMAS, E., TORTOSA, P., TANTELY, M. L., POCQUET, N., LICCIARDI, S., 
BHEECARRY, A., ZUMBO, B., WEILL, M. & DURON, O. 2011. Cytoplasmic incompatibility as a 
means of controlling Culex pipiens quinquefasciatus mosquito in the islands of the south-
western Indian Ocean. PLoS Negl Trop Dis, 5, e1440. 

AXFORD, J. K., ROSS, P. A., YEAP, H. L., CALLAHAN, A. G. & HOFFMANN, A. A. 2016. Fitness of wAlbB 
Wolbachia infection in Aedes aegypti: parameter estimates in an outcrossed background and 
potential for population invasion. Am J Trop Med Hyg, 94, 507-516. 

BATON, L. A., PACIDÔNIO, E. C., DA SILVA GONÇALVES, D. & MOREIRA, L. A. 2013. wFlu: characterization 
and evaluation of a native Wolbachia from the mosquito Aedes fluviatilis as a potential vector 
control agent. PloS one, 8, e59619. 

BENEDICT, M. Q. 2021. Sterile insect technique: lessons from the past. J Med Ent. 
BHATTACHARYA, T., NEWTON, I. L. & HARDY, R. W. 2020. Viral RNA is a target for Wolbachia-mediated 

pathogen blocking. PLoS pathog, 16, e1008513. 
BHATTACHARYA, T., NEWTON, I. L. G. & HARDY, R. W. 2017. Wolbachia elevates host methyltransferase 

expression to block an RNA virus early during infection. PLoS Pathog, 13, e1006427. 
BIAN, G., JOSHI, D., DONG, Y., LU, P., ZHOU, G., PAN, X., XU, Y., DIMOPOULOS, G. & XI, Z. 2013a. 

Wolbachia invades Anopheles stephensi populations and induces refractoriness to Plasmodium 
infection. Science, 340, 748-751. 

BIAN, G., XU, Y., LU, P., XIE, Y. & XI, Z. 2010. The endosymbiotic bacterium Wolbachia induces resistance 
to dengue virus in Aedes aegypti. PLoS Pathog, 6, e1000833. 

BIAN, G., ZHOU, G., LU, P. & XI, Z. 2013b. Replacing a native Wolbachia with a novel strain results in an 
increase in endosymbiont load and resistance to dengue virus in a mosquito vector. PLoS Negl 
Trop Dis, 7, e2250. 

BLAGROVE, M. S., ARIAS-GOETA, C., DI GENUA, C., FAILLOUX, A. B. & SINKINS, S. P. 2013. A Wolbachia 
wMel transinfection in Aedes albopictus is not detrimental to host fitness and inhibits 
chikungunya virus. PLoS Negl Trop Dis, 7, e2152. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


BLAGROVE, M. S., ARIAS-GOETA, C., FAILLOUX, A. B. & SINKINS, S. P. 2012. Wolbachia strain wMel 
induces cytoplasmic incompatibility and blocks dengue transmission in Aedes albopictus. Proc 
Natl Acad Sci U S A, 109, 255-260. 

BRADY, O. J., KHARISMA, D. D., WI AST  E  R ,  .  .,  ’REI  Y, K.  .,  E DRICKX, E., BAST S,  . S., 
YAKOB, L. & SHEPARD, D. S. 2020. The cost-effectiveness of controlling dengue in Indonesia 
using wMel Wolbachia released at scale: a modelling study. BMC Medicine, 18, 1-12. 

BRELSFOARD, C. L. & DOBSON, S. L. 2011. Wolbachia effects on host fitness and the influence of male 
aging on cytoplasmic incompatibility in Aedes polynesiensis (Diptera: Culicidae). J Med Ent, 48, 
1008-1015. 

BRELSFOARD, C. L., SÉCHAN, Y. & DOBSON, S. L. 2008. Interspecific hybridization yields strategy for 
South Pacific filariasis vector elimination. PLoS Negl Trop Dis, 2, e129. 

BROWNLIE, J. C., CASS, B. N., RIEGLER, M., WITSENBURG, J. J., ITURBE-ORMAETXE, I., MCGRAW, E. A. & 
O'NEILL, S. L. 2009. Evidence for metabolic provisioning by a common invertebrate 
endosymbiont, Wolbachia pipientis, during periods of nutritional stress. PLoS Pathog, 5, 
e1000368. 

BR W STEI , J. S.,  ETT, E. &  ’ EI  , S.  . 2003. The potential of virulent Wolbachia to modulate 
disease transmission by insects. J Invertebr Pathol, 84, 24-29. 

BUCHMAN, A., GAMEZ, S., LI, M., ANTOSHECHKIN, I., LI, H. H., WANG, H. W., CHEN, C. H., KLEIN, M. J., 
DUCHEMIN, J. B., CROWE, J. E., JR., PARADKAR, P. N. & AKBARI, O. S. 2020. Broad dengue 
neutralization in mosquitoes expressing an engineered antibody. PLoS Pathog, 16, e1008103. 

BULL, J. J. & TURELLI, M. 2013. Wolbachia versus dengue: Evolutionary forecasts. Evol Med Public 
Health, 2013, 197-207. 

CAPUTO, B., MORETTI, R., MANICA, M., SERINI, P., LAMPAZZI, E., BONANNI, M., FABBRI, G., PICHLER, V., 
DELLA TORRE, A. & CALVITTI, M. 2020. A bacterium against the tiger: preliminary evidence of 
fertility reduction after release of Aedes albopictus males with manipulated Wolbachia infection 
in an Italian urban area. Pest Manag Sci, 76, 1324-1332. 

CARAGATA, E. P. & MOREIRA, L. A. 2017. Using an endosymbiont to control mosquito-transmitted 
disease. Arthropod Vector: Controller of Disease Transmission, Volume 1. 

CARAGATA, E. P., RANCES, E., HEDGES, L. M., GOFTON, A. W., JOHNSON, K. N., O'NEILL, S. L. & 
MCGRAW, E. A. 2013. Dietary cholesterol modulates pathogen blocking by Wolbachia. PLoS 
Pathog, 9, e1003459. 

CARAGATA, E. P., RANCES, E., O'NEILL, S. L. & MCGRAW, E. A. 2014. Competition for amino acids 
between Wolbachia and the mosquito host, Aedes aegypti. Microb Ecol, 67, 205-218. 

CARRINGTON, L. B., TRAN, B. C. N., LE, N. T. H., LUONG, T. T. H., NGUYEN, T. T., NGUYEN, P. T., NGUYEN, 
C. V. V., NGUYEN, H. T. C., VU, T. T., VO, L. T., LE, D. T., VU, N. T., NGUYEN, G. T., LUU, H. Q., 
DANG, A. D., HURST, T. P., O'NEILL, S. L., TRAN, V. T., KIEN, D. T. H., NGUYEN, N. M., WOLBERS, 
M., WILLS, B. & SIMMONS, C. P. 2017. Field- and clinically derived estimates of Wolbachia-
mediated blocking of dengue virus transmission potential in Aedes aegypti mosquitoes. Proc 
Natl Acad Sci U S A. 

CARVA   , D.  ., T RRES    Z  , J. A., KOSKINIOTI, P., DILRUKSHI WIJEGUNAWARDANA, N. D. A., 
LIANG, X., PILLWAX, G., XI, Z. & BOURTZIS, K. 2020. Aedes aegypti lines for combined sterile 
insect technique and incompatible insect technique applications: the importance of host 
genomic background. Entomol Exp Appl, 168, 560-572. 

CASPARI, E. & WATSON, G. 1959. On the evolutionary importance of cytoplasmic sterility in mosquitoes. 
Evolution, 13, 568-570. 

CATOR, L. J., WYER, C. A. & HARRINGTON, L. C. 2020. Mosquito sexual selection and reproductive control 
programs. Trends Parasitol. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


CHAMBERS, E. W., HAPAIRAI, L., PEEL, B. A., BOSSIN, H. & DOBSON, S. L. 2011. Male mating 
competitiveness of a Wolbachia-introgressed Aedes polynesiensis strain under semi-field 
conditions. PLoS Negl Trop Dis, 5, e1271. 

CHOUIN-CARNEIRO, T., ANT, T. H., HERD, C., LOUIS, F., FAILLOUX, A. B. & SINKINS, S. P. 2020. Wolbachia 
strain wAlbA blocks Zika virus transmission in Aedes aegypti. Med Vet Entomol, 34, 116-119. 

CHROSTEK, E. & GERTH, M. 2019. Is Anopheles gambiae a natural host of Wolbachia? mBio, 10. 
CHROSTEK, E., MARTINS, N. E., MARIALVA, M. S. & TEIXEIRA, L. 2020. Wolbachia-conferred antiviral 

protection is determined by developmental temperature. bioRxiv, 2020.06.24.169169. 
CHUNG, H. N., RODRIGUEZ, S. D., GONZALES, K. K., VULCAN, J., CORDOVA, J. J., MITRA, S., ADAMS, C. G., 

MOSES-GONZALES, N., TAM, N., CLUCK, J. W., ATTARDO, G. M. & HANSEN, I. A. 2018. Toward 
implementation of mosquito sterile insect technique: The effect of storage conditions on 
survival of male Aedes aegypti mosquitoes (Diptera: Culicidae) during transport. J Insect Sci, 18. 

C  K, P. E.,  C E I A , C. J. &  ’ EI  , S. L. 2008. Modifying insect population age structure to 
control vector-borne disease. Transgenesis and the management of vector-borne disease. 
Springer. 

COSTA, G. B., SMITHYMAN, R., O'NEILL, S. L. & MOREIRA, L. A. 2020. How to engage communities on a 
large scale? Lessons from World Mosquito Program in Rio de Janeiro, Brazil. Gates Open Res, 4, 
109. 

CRAWFORD, J. E., CLARKE, D. W., CRISWELL, V., DESNOYER, M., CORNEL, D., DEEGAN, B., GONG, K., 
HOPKINS, K. C., HOWELL, P., HYDE, J. S., LIVNI, J., BEHLING, C., BENZA, R., CHEN, W., DOBSON, K. 
L., ELDERSHAW, C., GREELEY, D., HAN, Y., HUGHES, B., KAKANI, E., KARBOWSKI, J., KITCHELL, A., 
LEE, E., LIN, T., LIU, J., LOZANO, M., MACDONALD, W., MAINS, J. W., METLITZ, M., MITCHELL, S. 
N., MOORE, D., OHM, J. R., PARKES, K., PORSHNIKOFF, A., ROBUCK, C., SHERIDAN, M., SOBECKI, 
R., SMITH, P., STEVENSON, J., SULLIVAN, J., WASSON, B., WEAKLEY, A. M., WILHELM, M., WON, 
J., YASUNAGA, A., CHAN, W. C., HOLEMAN, J., SNOAD, N., UPSON, L., ZHA, T., DOBSON, S. L., 
MULLIGAN, F. S., MASSARO, P. & WHITE, B. J. 2020. Efficient production of male Wolbachia-
infected Aedes aegypti mosquitoes enables large-scale suppression of wild populations. Nat 
Biotechnol, 38, 482-492. 

CULBERT, N. J., MAIGA, H., SOMDA, N. S. B., GILLES, J. R. L., BOUYER, J. & MAMAI, W. 2018. Longevity of 
mass-reared, irradiated and packed male Anopheles arabiensis and Aedes aegypti under 
simulated environmental field conditions. Parasit Vectors, 11, 603. 

CURTIS, C. & SINKINS, S. 1998. Wolbachia as a possible means of driving genes into populations. 
Parasitology, 116, S111-S115. 

DOBSON, S. L., MARSLAND, E. J. & RATTANADECHAKUL, W. 2001. Wolbachia-induced cytoplasmic 
incompatibility in single- and superinfected Aedes albopictus (Diptera: Culicidae). J Med Ent, 38, 
382-387. 

DOBSON, S. L., MARSLAND, E. J. & RATTANADECHAKUL, W. 2002. Mutualistic Wolbachia infection in 
Aedes albopictus: accelerating cytoplasmic drive. Genetics, 160, 1087-1094. 

DODSON, B. L., HUGHES, G. L., PAUL, O., MATACCHIERO, A. C., KRAMER, L. D. & RASGON, J. L. 2014. 
Wolbachia enhances West Nile virus (WNV) infection in the mosquito Culex tarsalis. PLoS Negl 
Trop Dis, 8, e2965. 

DUTRA, H. L., ROCHA, M. N., DIAS, F. B., MANSUR, S. B., CARAGATA, E. P. & MOREIRA, L. A. 2016. 
Wolbachia blocks currently circulating Zika virus isolates in Brazilian Aedes aegypti mosquitoes. 
Cell Host Microbe, 19, 771-4. 

EKWUDU, O., DEVINE, G. J., AASKOV, J. G. & FRENTIU, F. D. 2020. Wolbachia strain wAlbB blocks 
replication of flaviviruses and alphaviruses in mosquito cell culture. Parasit Vectors, 13, 54. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


ENDERSBY-HARSHMAN, N. M., AXFORD, J. K. & HOFFMANN, A. A. 2019. Environmental concentrations 
of antibiotics may diminish Wolbachia infections in Aedes aegypti (Diptera: Culicidae). J Med 
Ent, 56, 1078-1086. 

FAST, E. M., TOOMEY, M. E., PANARAM, K., DESJARDINS, D., KOLACZYK, E. D. & FRYDMAN, H. M. 2011. 
Wolbachia enhance Drosophila stem cell proliferation and target the germline stem cell niche. 
Science, 334, 990-992. 

FERGUSON, N. M., HUE KIEN, D. T., CLAPHAM, H., AGUAS, R., TRUNG, V. T., BICH CHAU, T. N., POPOVICI, 
J., RYA , P. A.,  ’ EI  , S.  .,  C RAW, E. A.,     , V. T., D I,  . T.,    YE , H. L., VINH CHAU, 
N. V., WILLS, B. & SIMMONS, C. P. 2015. Modeling the impact on virus transmission of 
Wolbachia-mediated blocking of dengue virus infection of Aedes aegypti. Sci Transl Med, 7, 
279ra37. 

FLORES, H. A., TANEJA DE BRUYNE, J., O'DONNELL, T. B., TUYET NHU, V., THI GIANG, N., THI XUAN 
TRANG, H., THI THUY VAN, H., THI LONG, V., THI DUI, L., LE ANH HUY, H., THI LE DUYEN, H., THI 
VAN THUY, N., THANH PHONG, N., VAN VINH CHAU, N., THI HUE KIEN, D., THUY VI, T., WILLS, B., 
O'NEILL, S. L., SIMMONS, C. P. & CARRINGTON, L. B. 2020. Multiple Wolbachia strains provide 
comparative levels of protection against dengue virus infection in Aedes aegypti. PLoS Pathog, 
16, e1008433. 

FONSECA, D. M., UNLU, I., CREPEAU, T., FARAJOLLAHI, A., HEALY, S. P., BARTLETT-HEALY, K., STRICKMAN, 
D., GAUGLER, R., HAMILTON, G., KLINE, D. & CLARK, G. G. 2013. Area-wide management of 
Aedes albopictus. Part 2: gauging the efficacy of traditional integrated pest control measures 
against urban container mosquitoes. Pest Manag Sci, 69, 1351-61. 

FORD, S. A., ALLEN, S. L., OHM, J. R., SIGLE, L. T., SEBASTIAN, A., ALBERT, I., CHENOWETH, S. F. & 
MCGRAW, E. A. 2019. Selection on Aedes aegypti alters Wolbachia-mediated dengue virus 
blocking and fitness. Nat Microbiol, 4, 1832-1839. 

FORSYTH, J. E., MUTUKU, F. M., KIBE, L., MWASHEE, L., BONGO, J., EGEMBA, C., ARDOIN, N. M. & 
LABEAUD, A. D. 2020. Source reduction with a purpose: Mosquito ecology and community 
perspectives offer insights for improving household mosquito management in coastal Kenya. 
PLoS Negl Trop Dis, 14, e0008239. 

FRASER, J. E., DE BRUYNE, J. T., ITURBE-ORMAETXE, I., STEPNELL, J., BURNS, R. L., FLORES, H. A. & 
O'NEILL, S. L. 2017. Novel Wolbachia-transinfected Aedes aegypti mosquitoes possess diverse 
fitness and vector competence phenotypes. PLoS Pathog, 13, e1006751. 

FRASER, J. E., O'DONNELL, T. B., DUYVESTYN, J. M., O'NEILL, S. L., SIMMONS, C. P. & FLORES, H. A. 2020. 
Novel phenotype of Wolbachia strain wPip in Aedes aegypti challenges assumptions on 
mechanisms of Wolbachia-mediated dengue virus inhibition. PLoS Pathog, 16, e1008410. 

FRENTIU, F. D., ZAKIR, T., WALKER, T., POPOVICI, J., PYKE, A. T., VAN DEN HURK, A., MCGRAW, E. A. & 
O'NEILL, S. L. 2014. Limited dengue virus replication in field-collected Aedes aegypti mosquitoes 
infected with Wolbachia. PLoS Negl Trop Dis, 8, e2688. 

FU, Y., GAVOTTE, L., MERCER, D. R. & DOBSON, S. L. 2010. Artificial triple Wolbachia infection in Aedes 
albopictus yields a new pattern of unidirectional cytoplasmic incompatibility. Appl Environ 
Microbiol, 76, 5887-5891. 

GARCIA, G. D. A., SYLVESTRE, G., AGUIAR, R., DA COSTA, G. B., MARTINS, A. J., LIMA, J. B. P., PETERSEN, 
M. T., LOURENÇO-DE-  IVEIRA, R., S ADB  T,  .  ., RAŠIĆ,  .,      A  , A. A., VI  E A, D. 
A.  ., DIAS,  . B. S., D   , Y.,  ’ EI  , S. L., MOREIRA, L. A. & MACIEL-DE-FREITAS, R. 2019. 
Matching the genetics of released and local Aedes aegypti populations is critical to assure 
Wolbachia invasion. PLoS Negl Trop Dis, 13, e0007023. 

GEOGHEGAN, V., STAINTON, K., RAINEY, S. M., ANT, T. H., DOWLE, A. A., LARSON, T., HESTER, S., 
CHARLES, P. D., THOMAS, B. & SINKINS, S. P. 2017. Perturbed cholesterol and vesicular 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


trafficking associated with dengue blocking in Wolbachia-infected Aedes aegypti cells. Nat 
Commun, 8, 526. 

GESTO, J. S. M., RIBEIRO, G. S., ROCHA, M. N., DIAS, F. B. S., PEIXOTO, J., CARVALHO, F. D., PEREIRA, T. N. 
& MOREIRA, L. A. 2020. Reduced competence to arboviruses following the sustainable invasion 
of Wolbachia into native Aedes aegypti from Niterói, Southeastern Brazil. bioRxiv, 
2020.09.25.312207. 

GLASER, R. L. & MEOLA, M. A. 2010. The native Wolbachia endosymbionts of Drosophila melanogaster 
and Culex quinquefasciatus increase host resistance to West Nile virus infection. PloS One, 5, 
e11977. 

GLORIA-SORIA, A., CHIODO, T. G. & POWELL, J. R. 2018. Lack of evidence for natural Wolbachia 
infections in Aedes aegypti (Diptera: Culicidae). J Med Entomol, 55, 1354-1356. 

GONG, J. T., LI, Y., LI, T. P., LIANG, Y., HU, L., ZHANG, D., ZHOU, C. Y., YANG, C., ZHANG, X., ZHA, S. S., 
DUAN, X. Z., BATON, L. A., HONG, X. Y., HOFFMANN, A. A. & XI, Z. 2020. Stable introduction of 
plant-virus-inhibiting Wolbachia into planthoppers for rice protection. Curr Biol, 30, 4837-4845 
e5. 

GUO, Y., HOFFMANN, A. A., XU, X. Q., ZHANG, X., HUANG, H. J., JU, J. F., GONG, J. T. & HONG, X. Y. 2018. 
Wolbachia-induced apoptosis associated with increased fecundity in Laodelphax striatellus 
(Hemiptera: Delphacidae). Insect Mol Biol, 27, 796-807. 

HANCOCK, P. A., LINLEY-WHITE, V., CALLAHAN, A. G., GODFRAY, H. C. J., HOFFMANN, A. A. & RITCHIE, S. 
A. 2016. Density-dependent population dynamics in Aedes aegypti slow the spread of wMel 
Wolbachia. J Appl Ecol, n/a-n/a. 

HANCOCK, P. A., RITCHIE, S. A., KOENRAADT, C. J. M., SCOTT, T. W., HOFFMANN, A. A., GODFRAY, H. C. J. 
& ELDERD, B. 2019. Predicting the spatial dynamics of Wolbachia infections in Aedes aegypti 
arbovirus vector populations in heterogeneous landscapes. J Appl Ecol, 56, 1674-1686. 

HEALY, K., HAMILTON, G., CREPEAU, T., HEALY, S., UNLU, I., FARAJOLLAHI, A. & FONSECA, D. M. 2014. 
Integrating the public in mosquito management: active education by community peers can lead 
to significant reduction in peridomestic container mosquito habitats. PLoS One, 9, e108504. 

HEDGES, L. M., BROWNLIE, J. C., O'NEILL, S. L. & JOHNSON, K. N. 2008. Wolbachia and virus protection in 
insects. Science, 322, 702-702. 

HOFFMANN, A. A., ITURBE-ORMAETXE, I., CALLAHAN, A. G., PHILLIPS, B. L., BILLINGTON, K., AXFORD, J. 
K., MONTGOMERY, B., TURLEY, A. P. & O'NEILL, S. L. 2014. Stability of the wMel Wolbachia 
infection following invasion into Aedes aegypti populations. PLoS Negl Trop Dis, 8, e3115. 

HOFFMANN, A. A., MONTGOMERY, B. L., POPOVICI, J., ITURBE-ORMAETXE, I., JOHNSON, P. H., MUZZI, F., 
GREENFIELD, M., DURKAN, M., LEONG, Y. S., DONG, Y., COOK, H., AXFORD, J., CALLAHAN, A. G., 
KENNY, N., OMODEI, C., MCGRAW, E. A., RYAN, P. A., RITCHIE, S. A., TURELLI, M. & O'NEILL, S. L. 
2011. Successful establishment of Wolbachia in Aedes populations to suppress dengue 
transmission. Nature, 476, 454-7. 

HOFFMANN, A. A. & TURELL, M. J. 1997. Cytoplasmic incompatibility in insects. Influential passengers: 
Inherited microorganisms and arthropod reproduction. 

HUANG, B., YANG, Q., HOFFMANN, A. A., RITCHIE, S. A., VAN DEN HURK, A. F. & WARRILOW, D. 2020. 
Wolbachia genome stability and mtDNA variants in Aedes aegypti field populations eight years 
after release. iScience, 23, 101572. 

HUGHES, G. L., KOGA, R., XUE, P., FUKATSU, T. & RASGON, J. L. 2011. Wolbachia infections are virulent 
and inhibit the human malaria parasite Plasmodium falciparum in Anopheles gambiae. PLoS 
Pathog, 7, e1002043. 

HUGHES, G. L. & RASGON, J. L. 2014. Transinfection: a method to investigate Wolbachia-host 
interactions and control arthropod-borne disease. Insect Mol Biol, 23, 141-51. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


HUGHES, G. L., VEGA-RODRIGUEZ, J., XUE, P. & RASGON, J. L. 2012. Wolbachia strain wAlbB enhances 
infection by the rodent malaria parasite Plasmodium berghei in Anopheles gambiae mosquitoes. 
Appl Environ Microbiol, 78, 1491-5. 

HUIGENS, M. E. & STOUTHAMER, R. 2003. Parthenogenesis associated with Wolbachia. Insect symbiosis, 
1, 247-266. 

HURST, G. & JIGGINS, F. M. 2000. Male-killing bacteria in insects: mechanisms, incidence, and 
implications. Emerging infectious diseases, 6, 329. 

HUSSAIN, M., LU, G., TORRES, S., EDMONDS, J. H., KAY, B. H., KHROMYKH, A. A. & ASGARI, S. 2013. Effect 
of Wolbachia on replication of West Nile virus in a mosquito cell line and adult mosquitoes. J 
Virol, 87, 851-858. 

INACIO DA SILVA, L. M., DEZORDI, F. Z., PAIVA, M. H. S. & WALLAU, G. L. 2021. Systematic review of 
Wolbachia symbiont detection in mosquitoes: An entangled topic about methodological power 
and true symbiosis. Pathogens, 10. 

INDRIANI, C., TANTOWIJOYO, W., RANCÈS, E., ANDARI, B., PRABOWO, E., YUSDI, D., ANSARI, M. R., 
WARDANA, D. S., SUPRIYATI, E. & NURHAYATI, I. 2020. Reduced dengue incidence following 
deployments of Wolbachia-infected Aedes aegypti in Yogyakarta, Indonesia: A quasi-
experimental trial using controlled interrupted time series analysis. Gates open research, 4. 

JASPER, M., SCHMIDT, T. L., AHMAD, N. W., SINKINS, S. P. & HOFFMANN, A. A. 2019. A genomic 
approach to inferring kinship reveals limited intergenerational dispersal in the yellow fever 
mosquito. Mol Ecol Resour, 19, 1254-1264. 

JOSHI, D., PAN, X., MCFADDEN, M. J., BEVINS, D., LIANG, X., LU, P., THIEM, S. & XI, Z. 2017. The 
maternally inheritable Wolbachia wAlbB Induces refractoriness to Plasmodium berghei in 
Anopheles stephensi. Front Microbiol, 08. 

JOUBERT, D. A. & O'NEILL, S. L. 2017. Comparison of stable and transient Wolbachia infection models in 
Aedes aegypti to block dengue and West Nile viruses. PLoS Negl Trop Dis, 11, e0005275. 

JOUBERT, D. A., WALKER, T., CARRINGTON, L. B., DE BRUYNE, J. T., KIEN, D. H., HOANG NLE, T., CHAU, N. 
V., ITURBE-ORMAETXE, I., SIMMONS, C. P. & O'NEILL, S. L. 2016. Establishment of a Wolbachia 
superinfection in Aedes aegypti mosquitoes as a potential approach for future resistance 
management. PLoS Pathog, 12, e1005434. 

JU, J. F., BING, X. L., ZHAO, D. S., GUO, Y., XI, Z., HOFFMANN, A. A., ZHANG, K. J., HUANG, H. J., GONG, J. 
T., ZHANG, X. & HONG, X. Y. 2020. Wolbachia supplement biotin and riboflavin to enhance 
reproduction in planthoppers. ISME J, 14, 676-687. 

KAMBRIS, Z., COOK, P. E., PHUC, H. K. & SINKINS, S. P. 2009. Immune activation by life-shortening 
Wolbachia and reduced filarial competence in mosquitoes. Science, 326, 134-136. 

KAMTCHUM-TATUENE, J., MAKEPEACE, B. L., BENJAMIN, L., BAYLIS, M. & SOLOMON, T. 2016. The 
potential role of Wolbachia in controlling the transmission of emerging human arboviral 
infections. Curr Opin Infect Dis. 

KING, J. G., SOUTO-MAIOR, C., SARTORI, L. M., MACIEL-DE-FREITAS, R. & GOMES, M. G. M. 2018. 
Variation in Wolbachia effects on Aedes mosquitoes as a determinant of invasiveness and 
vectorial capacity. Nat Commun, 9, 1483. 

KITTAYAPONG, P., MONGKALANGOON, P., BAIMAI, V. & O'NEILL, S. 2002. Host age effect and expression 
of cytoplasmic incompatibility in field populations of Wolbachia-superinfected Aedes albopictus. 
Heredity, 88, 270-274. 

KITTAYAPONG, P., NINPHANOMCHAI, S., LIMOHPASMANEE, W., CHANSANG, C., CHANSANG, U. & 
MONGKALANGOON, P. 2019. Combined sterile insect technique and incompatible insect 
technique: the first proof-of-concept to suppress Aedes aegypti vector populations in semi-rural 
settings in Thailand. PLoS Negl Trop Dis, 13, e0007771. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


KOH, C., AUDSLEY, M. D., DI GIALLONARDO, F., KERTON, E. J., YOUNG, P. R., HOLMES, E. C. & MCGRAW, 
E. A. 2019. Sustained Wolbachia-mediated blocking of dengue virus isolates following serial 
passage in Aedes aegypti cell culture. Virus Evol, 5, vez012. 

KOH, C., ISLAM, M. N., YE, Y. H., CHOTIWAN, N., GRAHAM, B., BELISLE, J. T., KOUREMENOS, K. A., 
DAYALAN, S., TULL, D. L., KLATT, S., PERERA, R. & MCGRAW, E. A. 2020. Dengue virus dominates 
lipid metabolism modulations in Wolbachia-coinfected Aedes aegypti. Commun Biol, 3, 518. 

LAU, M.-J., ROSS, P. A. & HOFFMANN, A. A. 2021. Infertility and fecundity loss of Wolbachia-infected 
Aedes aegypti hatched from quiescent eggs is expected to alter invasion dynamics. PLoS Negl 
Trop Dis, 15, e0009179. 

LAU, M. J., ROSS, P. A., ENDERSBY-HARSHMAN, N. M. & HOFFMANN, A. A. 2020. Impacts of low 
temperatures on Wolbachia (Rickettsiales: Rickettsiaceae)-infected Aedes aegypti (Diptera: 
Culicidae). J Med Entomol, 57, 1567-1574. 

LAVEN, H. 1967. Eradication of Culex pipiens fatigans through cytoplasmic incompatibility. Nature, 216, 
383-384. 

LEPAGE, D. P., METCALF, J. A., BORDENSTEIN, S. R., ON, J., PERLMUTTER, J. I., SHROPSHIRE, J. D., 
LAYTON, E. M., FUNKHOUSER-JONES, L. J., BECKMANN, J. F. & BORDENSTEIN, S. R. 2017. 
Prophage WO genes recapitulate and enhance Wolbachia-induced cytoplasmic incompatibility. 
Nature. 

LINDSEY, A. R., BHATTACHARYA, T., NEWTON, I. L. & HARDY, R. W. 2018. Conflict in the intracellular lives 
of endosymbionts and viruses: a mechanistic look at Wolbachia-mediated pathogen-blocking. 
Viruses, 10, 141. 

LU, P., BIAN, G., PAN, X. & XI, Z. 2012. Wolbachia induces density-dependent inhibition to dengue virus 
in mosquito cells. PLoS Negl Trop Dis, 6, e1754. 

MA, W. J. & SCHWANDER, T. 2017. Patterns and mechanisms in instances of endosymbiont-induced 
parthenogenesis. J Evol Biol. 

MAINS, J. W., BRELSFOARD, C. L., ROSE, R. I. & DOBSON, S. L. 2016. Female adult Aedes albopictus 
suppression by Wolbachia-infected male mosquitoes. Sci Rep, 6, 33846. 

MAINS, J. W., KELLY, P. H., DOBSON, K. L., PETRIE, W. D. & DOBSON, S. L. 2019. Localized control of 
Aedes aegypti (Diptera: Culicidae) in Miami, FL, via inundative releases of Wolbachia-infected 
male mosquitoes. J Med Ent. 

MANCINI, M. V., ANT, T. H., HERD, C. S., GINGELL, D. D., MURDOCHY, S. M., MARARO, E. & SINKINS, S. P. 
2020a. High temperature cycles result in maternal transmission and dengue infection 
differences between Wolbachia strains in Aedes aegypti. bioRxiv. 

MANCINI, M. V., HERD, C. S., ANT, T. H., MURDOCHY, S. M. & SINKINS, S. P. 2020b. Wolbachia strain wAu 
efficiently blocks arbovirus transmission in Aedes albopictus. PLoS Negl Trop Dis, 14, e0007926. 

MANOKARAN, G., FLORES, H. A., DICKSON, C. T., NARAYANA, V. K., KANOJIA, K., DAYALAN, S., TULL, D., 
MCCONVILLE, M. J., MACKENZIE, J. M. & SIMMONS, C. P. 2020. Modulation of acyl-carnitines, 
the broad mechanism behind Wolbachia-mediated inhibition of medically important flaviviruses 
in Aedes aegypti. Proc Natl Acad Sci U S A, 117, 24475-24483. 

MARTINEZ, J., BRUNER-MONTERO, G., ARUNKUMAR, R., SMITH, S. C. L., DAY, J. P., LONGDON, B. & 
JIGGINS, F. M. 2019. Virus evolution in Wolbachia-infected Drosophila. Proc Biol Sci, 286, 
20192117. 

MATEOS, M., MARTINEZ MONTOYA, H., LANZAVECCHIA, S. B., CONTE, C., GUILLÉN, K., MORÁN-ACEVES, 
B. M., TOLEDO, J., LIEDO, P., ASIMAKIS, E. D. & DOUDOUMIS, V. 2020. Wolbachia pipientis 
associated with tephritid fruit fly pests: from basic research to applications. Front Microbiol, 11, 
1080. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


MCMENIMAN, C. J., LANE, R. V., CASS, B. N., FONG, A. W., SIDHU, M., WANG, Y.-F. & O'NEILL, S. L. 2009. 
Stable introduction of a life-shortening Wolbachia infection into the mosquito Aedes aegypti. 
Science, 323, 141-144. 

MCMENIMAN, C. J. & O'NEILL, S. L. 2010. A virulent Wolbachia infection decreases the viability of the 
dengue vector Aedes aegypti during periods of embryonic quiescence. PLoS Negl Trop Dis, 4, 
e748. 

MIN, K.-T. & BENZER, S. 1997. Wolbachia, normally a symbiont of Drosophila, can be virulent, causing 
degeneration and early death. Proc Natl Acad Sci USA, 94, 10792-10796. 

MOREIRA, L. A., ITURBE-ORMAETXE, I., JEFFERY, J. A., LU, G., PYKE, A. T., HEDGES, L. M., ROCHA, B. C., 
HALL-MENDELIN, S., DAY, A., RIEGLER, M., HUGO, L. E., JOHNSON, K. N., KAY, B. H., MCGRAW, E. 
A., VAN DEN HURK, A. F., RYAN, P. A. & O'NEILL, S. L. 2009a. A Wolbachia symbiont in Aedes 
aegypti limits infection with dengue, Chikungunya, and Plasmodium. Cell, 139, 1268-1278. 

MOREIRA, L. A., SAIG, E., TURLEY, A. P., RIBEIRO, J. M., O'NEILL, S. L. & MCGRAW, E. A. 2009b. Human 
probing behavior of Aedes aegypti when infected with a life-shortening strain of Wolbachia. 
PLoS Negl Trop Dis, 3, e568. 

MORETTI, R., MARZO, G. A., LAMPAZZI, E. & CALVITTI, M. 2018a. Cytoplasmic incompatibility 
management to support Incompatible Insect Technique against Aedes albopictus. Parasit 
Vectors, 11, 649. 

MORETTI, R., YEN, P. S., HOUE, V., LAMPAZZI, E., DESIDERIO, A., FAILLOUX, A. B. & CALVITTI, M. 2018b. 
Combining Wolbachia-induced sterility and virus protection to fight Aedes albopictus-borne 
viruses. PLoS Negl Trop Dis, 12, e0006626. 

MOUSSON, L., ZOUACHE, K., ARIAS-GOETA, C., RAQUIN, V., MAVINGUI, P. & FAILLOUX, A. B. 2012. The 
native Wolbachia symbionts limit transmission of dengue virus in Aedes albopictus. PLoS Negl 
Trop Dis, 6, e1989. 

MURDOCK, C. C., BLANFORD, S., HUGHES, G. L., RASGON, J. L. & THOMAS, M. B. 2014. Temperature 
alters Plasmodium blocking by Wolbachia. Sci Rep, 4, 3932. 

MURPHY, B., JANSEN, C., MURRAY, J. & DE BARRO, P. 2010. Risk analysis on the Australian release of 
Aedes aegypti (L.)(Diptera: Culicidae) containing Wolbachia. Australia: CSIRO Entomology. 

MURRAY, J. V., JANSEN, C. C. & DE BARRO, P. 2016. Risk associated with the release of Wolbachia-
infected Aedes aegypti mosquitoes into the environment in an effort to control dengue. Front 
Public Health, 4, 43. 

NADING, A. M. 2014. The lively ethics of global health GMOs: The case of the Oxitec mosquito. 
BioSocieties, 10, 24-47. 

NAINU, F., TRENERRY, A. & JOHNSON, K. N. 2019. Wolbachia-mediated antiviral protection is cell-
autonomous. J Gen Virol, 100, 1587-1592. 

NAZNI, W. A., HOFFMANN, A. A., NOORAFIZAH, A., CHEONG, Y. L., MANCINI, M. V., GOLDING, N., 
KAMARUL, G. M. R., ARIF, M. A. K., THOHIR, H., NURSYAMIMI, H., ZATILAQMAR, M. Z., 
NURRUQQAYAH, M., NORSYAZWANI, A., FAIZ, A., IRFAN, F. M. N., RUBAAINI, S., NURADILA, N., 
NIZAM, N. M. N., IRWAN, S. M., ENDERSBY-HARSHMAN, N. M., WHITE, V. L., ANT, T. H., HERD, C. 
S., HASNOR, A. H., ABUBAKAR, R., HAPSAH, D. M., KHADIJAH, K., KAMILAN, D., LEE, S. C., PAID, Y. 
M., FADZILAH, K., TOPEK, O., GILL, B. S., LEE, H. L. & SINKINS, S. P. 2019. Establishment of 
Wolbachia strain wAlbB in Malaysian populations of Aedes aegypti for dengue control. Curr Biol, 
29, 4241-4248 e5. 

NEWTON, I. L., SAVYTSKYY, O. & SHEEHAN, K. B. 2015. Wolbachia utilize host actin for efficient maternal 
transmission in Drosophila melanogaster. PLoS Pathog, 11, e1004798. 

NGUYEN, T. H., NGUYEN, H. L., NGUYEN, T. Y., VU, S. N., TRAN, N. D., LE, T. N., VIEN, Q. M., BUI, T. C., LE, 
H. T., KUTCHER, S., HURST, T. P., DUONG, T. T., JEFFERY, J. A., DARBRO, J. M., KAY, B. H., ITURBE-
ORMAETXE, I., POPOVICI, J., MONTGOMERY, B. L., TURLEY, A. P., ZIGTERMAN, F., COOK, H., 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


COOK, P. E., JOHNSON, P. H., RYAN, P. A., PATON, C. J., RITCHIE, S. A., SIMMONS, C. P., O'NEILL, 
S. L. & HOFFMANN, A. A. 2015. Field evaluation of the establishment potential of wMelPop 
Wolbachia in Australia and Vietnam for dengue control. Parasit Vectors, 8, 563. 

O'CONNOR, L., PLICHART, C., SANG, A. C., BRELSFOARD, C. L., BOSSIN, H. C. & DOBSON, S. L. 2012. Open 
release of male mosquitoes infected with a Wolbachia biopesticide: field performance and 
infection containment. PLoS Negl Trop Dis, 6, e1797. 

O'NEILL, S. L., RYAN, P. A., TURLEY, A. P., WILSON, G., RETZKI, K., ITURBE-ORMAETXE, I., DONG, Y., 
KENNY, N., PATON, C. J. & RITCHIE, S. A. 2018. Scaled deployment of Wolbachia to protect the 
community from dengue and other Aedes transmitted arboviruses. Gates Open Res, 2. 

OSBORNE, S. E., SAN LEONG, Y., O'NEILL, S. L. & JOHNSON, K. N. 2009. Variation in antiviral protection 
mediated by different Wolbachia strains in Drosophila simulans. PLoS Pathogens, 5, e1000656. 

PAGENDAM, D. E., TREWIN, B. J., SNOAD, N., RITCHIE, S. A., HOFFMANN, A. A., STAUNTON, K. M., 
PATON, C. & BEEBE, N. 2020. Modelling the Wolbachia incompatible insect technique: strategies 
for effective mosquito population elimination. BMC Biol, 18, 161. 

PAN, X., THIEM, S. & XI, Z. 2017. Wolbachia-mediated immunity induction in mosquito vectors. 
Arthropod Vector: Controller of Disease Transmission, Volume 1. 

PANTELEEV, D. Y., GORYACHEVA, I. I., ANDRIANOV, B. V., REZNIK, N. L., LAZEBNY, O. E. & KULIKOV, A. M. 
2007. The endosymbiotic bacterium Wolbachia enhances the nonspecific resistance to insect 
pathogens and alters behavior of Drosophila melanogaster. Russ J Genet, 43, 1066-1069. 

PEREIRA, T. N., ROCHA, M. N., SUCUPIRA, P. H. F., CARVALHO, F. D. & MOREIRA, L. A. 2018. Wolbachia 
significantly impacts the vector competence of Aedes aegypti for Mayaro virus. Sci Rep, 8, 1-9. 

PINTO, S. B., RIBACK, T. I., SYLVESTRE, G., COSTA, G., PEIXOTO, J., DIAS, F. B., TANAMAS, S. K., SIMMONS, 
C. P., DUFAULT, S. M. & RYAN, P. A. 2021. Effectiveness of Wolbachia-infected mosquito 
deployments in reducing the incidence of dengue and chikungunya in Niterói, Brazil: a quasi-
experimental study. medRxiv. 

QURESHI, A., ALDERSLEY, A., HOLLIS, B., PONLAWAT, A. & CATOR, L. J. 2019. Male competition and the 
evolution of mating and life-history traits in experimental populations of Aedes aegypti. Proc R 
Soc Lond B Biol Sci, 286, 20190591. 

RAINEY, S. M., MARTINEZ, J., MCFARLANE, M., JUNEJA, P., SARKIES, P., LULLA, A., SCHNETTLER, E., 
VARJAK, M., MERITS, A., MISKA, E. A., JIGGINS, F. M. & KOHL, A. 2016. Wolbachia blocks viral 
genome replication early in infection without a transcriptional response by the endosymbiont or 
host small RNA pathways. PLoS Pathog, 12, e1005536. 

RANCES, E., YE, Y. H., WOOLFIT, M., MCGRAW, E. A. & O'NEILL, S. L. 2012. The relative importance of 
innate immune priming in Wolbachia-mediated dengue interference. PLoS Pathog, 8, e1002548. 

RAQUIN, V., VALIENTE MORO, C., SAUCEREAU, Y., TRAN, F. H., POTIER, P. & MAVINGUI, P. 2015. Native 
Wolbachia from Aedes albopictus blocks chikungunya virus infection in cellulo. PLoS One, 10, 
e0125066. 

RASGON, J. L. & SCOTT, T. W. 2003. Wolbachia and cytoplasmic incompatibility in the California Culex 
pipiens mosquito species complex: parameter estimates and infection dynamics in natural 
populations. Genetics, 165, 2029-2038. 

RASGON, J. L., STYER, L. M. & SCOTT, T. W. 2003. Wolbachia-induced mortality as a mechanism to 
modulate pathogen transmission by vector arthropods. J Med Ent, 40, 125-132. 

RAŠIĆ,  ., E DERSBY,  .  ., WI  IA S, C. &      A  , A. A. 2014.  sing Wolbachia based release for 
suppression of Aedes mosquitoes: insights from genetic data and population simulations. Ecol 
Appl, 24, 1226-1234. 

RITCHIE, S. A. & JOHNSON, B. J. 2017. Advances in vector control science: rear-and-release strategies 
show promise... but don't forget the basics. J Infect Dis, 215, S103-S108. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


RITCHIE, S. A., MONTGOMERY, B. L. & HOFFMANN, A. A. 2013. Novel estimates of Aedes aegypti 
(Diptera: Culicidae) population size and adult survival based on Wolbachia releases. J Med Ent, 
50, 624-631. 

RITCHIE, S. A., TOWNSEND, M., PATON, C. J., CALLAHAN, A. G. & HOFFMANN, A. A. 2015. Application of 
wMelPop Wolbachia strain to crash local populations of Aedes aegypti. PLoS Negl Trop Dis, 9, 
e0003930. 

RITCHIE, S. A., VAN DEN HURK, A. F., SMOUT, M. J., STAUNTON, K. M. & HOFFMANN, A. A. 2018. Mission 
accomplished? We need a guide to the ‘post release’ world of Wolbachia for Aedes-borne 
disease control. Trends Parasitol. 

ROCHA, M. N., DUARTE, M. M., MANSUR, S. B., SILVA, B. D. M. E., PEREIRA, T. N., ADELINO, T. É. R., 
GIOVANETTI, M., ALCANTARA, L. C. J., SANTOS, F. M., COSTA, V. R. D. M., TEIXEIRA, M. M., IANI, 
F. C. D. M., COSTA, V. V. & MOREIRA, L. A. 2019. Pluripotency of Wolbachia against Arboviruses: 
the case of yellow fever. Gates Open Research, 3. 

ROSS, P. A., AXFORD, J. K., CALLAHAN, A. G., RICHARDSON, K. M. & HOFFMANN, A. A. 2020a. Persistent 
deleterious effects of a deleterious Wolbachia infection. PLoS Negl Trop Dis, 14, e0008204. 

ROSS, P. A., AXFORD, J. K., YANG, Q., STAUNTON, K. M., RITCHIE, S. A., RICHARDSON, K. M. & 
HOFFMANN, A. A. 2020b. Heatwaves cause fluctuations in wMel Wolbachia densities and 
frequencies in Aedes aegypti. PLoS Negl Trop Dis, 14, e0007958. 

ROSS, P. A., CALLAHAN, A. G., YANG, Q., JASPER, M., ARIF, M. A. K., AFIZAH, A. N., NAZNI, W. A. & 
HOFFMANN, A. A. 2020c. An elusive endosymbiont: Does Wolbachia occur naturally in Aedes 
aegypti? Ecol Evol, 10, 1581-1591. 

ROSS, P. A., ENDERSBY-HARSHMAN, N. M. & HOFFMANN, A. A. 2019a. A comprehensive assessment of 
inbreeding and laboratory adaptation in Aedes aegypti mosquitoes. Evol Appl, 12, 572-586. 

ROSS, P. A. & HOFFMANN, A. A. 2018. Continued susceptibility of the wMel Wolbachia infection in 
Aedes aegypti to heat stress following field deployment and selection. Insects, 9. 

ROSS, P. A., RITCHIE, S. A., AXFORD, J. K. & HOFFMANN, A. A. 2019b. Loss of cytoplasmic incompatibility 
in Wolbachia-infected Aedes aegypti under field conditions. PLoS Negl Trop Dis, 13, e0007357. 

ROSS, P. A., TURELLI, M. & HOFFMANN, A. A. 2019c. Evolutionary ecology of Wolbachia releases for 
disease control. Annu Rev Genet, 53, 93-116. 

ROSS, P. A., WIWATANARATANABUTR, I., AXFORD, J. K., WHITE, V. L., ENDERSBY-HARSHMAN, N. M. & 
HOFFMANN, A. A. 2017. Wolbachia infections in Aedes aegypti differ markedly in their response 
to cyclical heat stress. PLoS Pathog, 13, e1006006. 

RYAN, P. A., TURLEY, A. P., WILSON, G., HURST, T. P., RETZKI, K., BROWN-KENYON, J., HODGSON, L., 
KENNY, N., COOK, H., MONTGOMERY, B. L., PATON, C. J., RITCHIE, S. A., HOFFMANN, A. A., 
JEWE  ,  . P., TA A AS, S. K., A DERS, K.  ., SI    S, C. P. &  ’ EI  , S.  . 201 . 
Establishment of wMel Wolbachia in Aedes aegypti mosquitoes and reduction of local dengue 
transmission in Cairns and surrounding locations in northern Queensland, Australia. Gates Open 
Research, 3. 

SANAEI, E., CHARLAT, S. & ENGELSTADTER, J. 2020. Wolbachia host shifts: routes, mechanisms, 
constraints and evolutionary consequences. Biol Rev Camb Philos Soc. 

SCHMIDT, T. L., BARTON, N. H., RASIC, G., TURLEY, A. P., MONTGOMERY, B. L., ITURBE-ORMAETXE, I., 
COOK, P. E., RYAN, P. A., RITCHIE, S. A., HOFFMANN, A. A., O'NEILL, S. L. & TURELLI, M. 2017. 
Local introduction and heterogeneous spatial spread of dengue-suppressing Wolbachia through 
an urban population of Aedes aegypti. PLoS Biol, 15, e2001894. 

SCHMIDT, T. L., FILIPOVIC, I., HOFFMANN, A. A. & RASIC, G. 2018. Fine-scale landscape genomics helps 
explain the slow spatial spread of Wolbachia through the Aedes aegypti population in Cairns, 
Australia. Heredity, 120, 386–395. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


SCHNETTLER, E., SREENU, V. B., MOTTRAM, T. & MCFARLANE, M. 2016. Wolbachia restricts insect-
specific flavivirus infection in Aedes aegypti cells. J Gen Virol, 97, 3024. 

SCHULTZ, M. J., ISERN, S., MICHAEL, S. F., CORLEY, R. B., CONNOR, J. & FRYDMAN, H. M. 2017. Variable 
inhibition of Zika virus replication by different Wolbachia strains in mosquito cell cultures. J 
Virol. 

SEGOLI, M., HOFFMANN, A. A., LLOYD, J., OMODEI, G. J. & RITCHIE, S. A. 2014. The effect of virus-
blocking Wolbachia on male competitiveness of the dengue vector mosquito, Aedes aegypti. 
PLoS Negl Trop Dis, 8, e3294. 

SHROPSHIRE, J. D., LEIGH, B. & BORDENSTEIN, S. R. 2020. Symbiont-mediated cytoplasmic 
incompatibility: what have we learned in 50 years? eLife, 9, e61989. 

SHROPSHIRE, J. D., ON, J., LAYTON, E. M., ZHOU, H. & BORDENSTEIN, S. R. 2018. One prophage WO gene 
rescues cytoplasmic incompatibility in Drosophila melanogaster. Proc Natl Acad Sci U S A, 115, 
4987-4991. 

SUCUPIRA, P. H. F., FERREIRA, A. G. A., LEITE, T., DE MENDONCA, S. F., FERREIRA, F. V., REZENDE, F. O., 
MARQUES, J. T. & MOREIRA, L. A. 2020. The RNAi pathway is important to control Mayaro virus 
infection in Aedes aegypti but not for Wolbachia-mediated protection. Viruses, 12. 

TANTOWIJOYO, W., ANDARI, B., ARGUNI, E., BUDIWATI, N., NURHAYATI, I., FITRIANA, I., ERNESIA, I., 
DANIWIJAYA, E. W., SUPRIYATI, E., YUSDIANA, D. H., VICTORIUS, M., WARDANA, D. S., 
ARDIANSYAH, H., AHMAD, R. A., RYAN, P. A., SIMMONS, C. P., HOFFMANN, A. A., RANCES, E., 
TURLEY, A. P., JOHNSON, P., UTARINI, A. & O'NEILL, S. L. 2020. Stable establishment of wMel 
Wolbachia in Aedes aegypti populations in Yogyakarta, Indonesia. PLoS Negl Trop Dis, 14, 
e0008157. 

TEIXEIRA, L., FERREIRA, A. & ASHBURNER, M. 2008. The bacterial symbiont Wolbachia induces resistance 
to RNA viral infections in Drosophila melanogaster. PLoS Biol, 6, e1000002. 

TERRADAS, G., ALLEN, S. L., CHENOWETH, S. F. & MCGRAW, E. A. 2017. Family level variation in 
Wolbachia-mediated dengue virus blocking in Aedes aegypti. Parasit Vectors, 10, 622. 

TERRADAS, G. & MCGRAW, E. A. 2017. Wolbachia-mediated virus blocking in the mosquito vector Aedes 
aegypti. Curr Opin Insect Sci, 22, 37-44. 

TREWIN, B. J., DARBRO, J. M., JANSEN, C. C., SCHELLHORN, N. A., ZALUCKI, M. P., HURST, T. P. & DEVINE, 
G. J. 2017. The elimination of the dengue vector, Aedes aegypti, from Brisbane, Australia: The 
role of surveillance, larval habitat removal and policy. PLoS Negl Trop Dis, 11, e0005848. 

TURELLI, M. & BARTON, N. H. 2017. Deploying dengue-suppressing Wolbachia: Robust models predict 
slow but effective spatial spread in Aedes aegypti. Theor Popul Biol, 115, 45-60. 

TURLEY, A. P., MOREIRA, L. A., O'NEILL, S. L. & MCGRAW, E. A. 2009. Wolbachia infection reduces blood-
feeding success in the dengue fever mosquito, Aedes aegypti. PLoS Negl Trop Dis, 3, e516. 

ULRICH, J. N., BEIER, J. C., DEVINE, G. J. & HUGO, L. E. 2016. Heat sensitivity of wMel Wolbachia during 
Aedes aegypti development. PLoS Negl Trop Dis, 10, e0004873. 

VAN DEN HURK, A. F., HALL-MENDELIN, S., PYKE, A. T., FRENTIU, F. D., MCELROY, K., DAY, A., HIGGS, S. & 
O'NEILL, S. L. 2012. Impact of Wolbachia on infection with chikungunya and yellow fever viruses 
in the mosquito vector Aedes aegypti. PLoS Negl Trop Dis, 6, e1892. 

WALKER, T., JOHNSON, P. H., MOREIRA, L. A., ITURBE-ORMAETXE, I., FRENTIU, F. D., MCMENIMAN, C. J., 
LEONG, Y. S., DONG, Y., AXFORD, J., KRIESNER, P., LLOYD, A. L., RITCHIE, S. A., O'NEILL, S. L. & 
HOFFMANN, A. A. 2011. The wMel Wolbachia strain blocks dengue and invades caged Aedes 
aegypti populations. Nature, 476, 450-453. 

WALKER, T., QUEK, S., JEFFRIES, C. L., BANDIBABONE, J., DHOKIYA, V., BAMOU, R., KRISTAN, M., 
MESSENGER, L. A., GIDLEY, A. & HORNETT, E. A. 2020. Genomic and microscopic evidence of 
stable high density and maternally inherited Wolbachia infections in Anopheles mosquitoes. 
bioRxiv, 2020.10.29.357400. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1


WHITE, J. A. 2011. Caught in the act: rapid, symbiont-driven evolution: endosymbiont infection is a 
mechanism generating rapid evolution in some arthropods--but how widespread is the 
phenomenon? Bioessays, 33, 823-9. 

WU, C. 2020. Characterization of Wolbachia infections from native Australian mosquitoes. PhD, The 
University of Queensland. 

XI, Z., KHOO, C. C. & DOBSON, S. L. 2005. Wolbachia establishment and invasion in an Aedes aegypti 
laboratory population. Science, 310, 326-328. 

XI, Z., KHOO, C. C. & DOBSON, S. L. 2006. Interspecific transfer of Wolbachia into the mosquito disease 
vector Aedes albopictus. Proc R Soc Lond B Biol Sci, 273, 1317-1322. 

YEAP, H. L., MEE, P., WALKER, T., WEEKS, A. R., O'NEILL, S. L., JOHNSON, P., RITCHIE, S. A., RICHARDSON, 
K. M., DOIG, C., ENDERSBY, N. M. & HOFFMANN, A. A. 2011. Dynamics of the "popcorn" 
Wolbachia infection in outbred Aedes aegypti informs prospects for mosquito vector control. 
Genetics, 187, 583-595. 

YEAP, H. L., RASIC, G., ENDERSBY-HARSHMAN, N. M., LEE, S. F., ARGUNI, E., LE NGUYEN, H. & 
HOFFMANN, A. A. 2016. Mitochondrial DNA variants help monitor the dynamics of Wolbachia 
invasion into host populations. Heredity (Edinb), 116, 265–276. 

YEN, J. H. & BARR, A. R. 1973. The etiological agent of cytoplasmic incompatibility in Culex pipiens. J 
Invertebr Pathol, 22, 242-250. 

ZHENG, X., ZHANG, D., LI, Y., YANG, C., WU, Y., LIANG, X., LIANG, Y., PAN, X., HU, L. & SUN, Q. 2019. 
Incompatible and sterile insect techniques combined eliminate mosquitoes. Nature, 572, 56-61. 

ZUG, R. & HAMMERSTEIN, P. 2015. Bad guys turned nice? A critical assessment of Wolbachia 
mutualisms in arthropod hosts. Biol Rev Camb Philos Soc, 90, 89-111. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 April 2021                   doi:10.20944/preprints202104.0538.v1

https://doi.org/10.20944/preprints202104.0538.v1

