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Subcommittee on Entomology 
G. Simmons & L. Wells – Hawaii Department of Health
D. Smith & C. King – Hawaii Department of Land and Natural Resources

https://hdoa.hawaii.gov/wp-content/uploads/2019/08/Plant-and-Non-Domestic-
Animal-Quarantine-Non-Domestic-Animal-Import-Rules.pdf 

Date:4/1/2022 

To: 
Advisory Subcommittee on Entomology 

From:  
Suzanne Case 
Department of Land and Natural Resources 
1151 Punchbowl Street, Honolulu, HI 96813 

David G. Smith 
Hawaii Department of Land and Natural Resources, Division of Forestry and Wildlife 
1151 Punchbowl Street, Room 325, Honolulu, HI 96813 

Cynthia King 
Hawaii Department of Land and Natural Resources, Division of Forestry and Wildlife 
1151 Punchbowl Street, Room 325, Honolulu, HI 96813 

Summary Description of the Requests 
In accordance with the provisions of Chapter 150A, Hawaii Revised Statutes, we are 
requesting to import the following animal commodities: 

Commodity Scientific Name Quantity 
Southern House Mosquitoes 
(Male Adults) 

Culex quinquefasciatus Continued shipments for 
immediate release. 

Additionally, we are requesting the listing of Culex quinquefasciatus mosquito species 
on the Hawaii Department of Agriculture’s (HDOA) List of Restricted Animals Part A 
given that specific conditions, as outlined and enforced by HDOA, are met at the time of 
importation. Suggested conditions for importation are included within this application.  

Reason for importation: 
For immediate field release applications to suppress mosquito populations in areas 
where Hawaii fauna are at risk of disease transmission due to the presence of these 
mosquitoes. 

Shippers: 
1) Stephen Dobson, MosquitoMate, Inc.

2520 Regency Rd., Lexington, KY, 40503

2) Verily Life Sciences
269 E Grand Ave, South San Francisco, CA 94080
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Importers: 
1) DLNR Waimano Baseyard – Hawaii Invertebrate Program - Oahu

2680 Waimano Home Road, Pearl City, HI 96782, (808) 266-7989
2) Kaua'i Branch, Division of Forestry & Wildlife, 3060 Eiwa Street Rm. 306, Lihue,

HI 96766. (808) 274-3433
3) O'ahu Branch, Division of Forestry & Wildlife, 2135 Makiki Heights Drive,

Honolulu, HI 96822. (808) 973-9778
4) Maui (& Moloka'i) Branch, Division of Forestry & Wildlife, 1955 Main Street,

Room 301, Wailuku, HI 96793. (808) 984-8100
5) Hawai'i Branch, Division of Forestry & Wildlife, 19 E. Kawili Street, Hilo, HI

96720. (808) 974-4221

Project: 
This is an application for: 

- A permit to import male Culex quinquefasciatus mosquito species.
- The listing of Culex quinquefasciatus mosquito species on the Hawaii

Department of Agriculture’s (HDOA) List of Restricted Animals Part A given that
specific conditions, as outlined and enforced by HDOA, are met at the time of
importation. Suggested conditions for importation are included within this
application.

As outlined in the suggested conditions for importation, these mosquitoes will either 
contain the same wild type bacterium (Wolbachia spp.) which is already endemic in 
Culex quinquefasciatus mosquitoes in Hawaii, or will be inoculated with an incompatible 
bacterium (Wolbachia spp.) that is not native to the wild mosquito’s current internal 
fauna. The presence of this different strain of bacteria within the male mosquito’s 
reproductive system will render the imported male mosquitoes unable to successfully 
mate with wild females found within Hawaii, a process called cytoplasmic 
incompatibility. Cytoplasmic incompatibility has been used with much success in other 
parts of the world to reduce mosquito populations and thus reduce the potential of 
transmission of mosquito vectored diseases. We intend to import male, sexually 
incompatible mosquitoes for direct release onto the environment. This process uses 
cytoplasmic incompatibility to reduce current populations of this pest mosquito species, 
which are vectors for pathogens to Hawaii’s fauna, including pathogens such as avian 
malaria, and which can vector West Nile virus, and lymphatic filariasis to humans. 
Importing Hawaii lineage mosquitoes which contain the wild type bacterium, will ensure 
that we can conduct genetic analysis to confirm that the wild Culex quinquefasciatus is 
the wild type originally provided to the collaborators, and that the inoculated mosquitoes 
are indeed incompatible. 

Culex quinquefasciatus is an invasive, disease-spreading mosquito that has dispersed 
across the Hawaiian islands since its accidental introduction in the 1800s. The species 
is present on Hawaii, Maui, Molokai, Lanai, Kahoolawe, Oahu, Kauai, and the northwest 
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Hawaiian islands. Culex quinquefasciatus can thrive at sea-level to 4800ft in elevation. 
In Hawaii, the mosquito is able to transmit pathogens to native forest birds. The spread 
of avian malaria, in particular, has contributed to the extinction of more than half of 
Hawaii’s endemic honeycreepers and continues to pose a risk to the remaining species. 
Culex quinquefasciatus is also known to transmit dog heartworm within pets found 
throughout Hawaii, and is a concern to human health given its ability to vector West Nile 
virus on the US mainland and lymphatic filariasis in other Pacific nations. 

Efforts to suppress Culex quinquefasciatus through utilization of traditional vector 
control methods (e.g., pesticides) are inadequate at a landscape scale, and may be 
problematic for other non-target state and federally protected invertebrate species 
including Hawaiian picture-wing flies (Drosophila spp.), damselflies (Megalagrion spp.), 
yellow-faced bees (Hylaeus spp.) and anchialine pond shrimps (Vetericaris chaceorum 
and Procaris hawaiana). Current efforts to control mosquito-vectored disease outbreaks 
are limited to reducing mosquito breeding site locations and localized applications of 
various larvicides and adulticides. 

On September 6-7, 2016, local, national, and international experts gathered in Hawaii to 
discuss how to mitigate mosquito-borne diseases. The strategy deemed most favorable 
in terms of its effectiveness, technical readiness, and safety was Wolbachia-based 
cytoplasmic incompatibility. Cytoplasmic incompatibility results from the presence of a 
bacterium, Wolbachia, in the cells of the mosquito. Many arthropod species, including 
several native species here in Hawaii, naturally contain strains of Wolbachia. Bacteria in 
the genus Wolbachia are a type of arthropod endosymbiont that do not occur in humans 
or       other vertebrates. Approximately 50% of insect species naturally have the bacteria, 
although many of these insects can survive without Wolbachia. Conversely, Wolbachia 
cannot persist outside of insect cells, as it is an obligate endosymbiont. The largest 
effect of Wolbachia is on mating compatibility between individual insects that carry the 
bacteria. However, there are secondary effects  that are being studied by many labs. 
These include altered host insect lifespan and reduced vector competence. 

In nature, Wolbachia are passed from females to their offspring. Different strains of 
Wolbachia have also been introduced into insects in laboratories. If a male mosquito 
with one type of Wolbachia mates with a female mosquito that has a different strain of 
Wolbachia the resulting offspring can be inviable and not develop into mosquito larvae 
because of a mismatch of cellular signals (loss of the male parental chromosomes) 
originating from Wolbachia. If sufficient numbers, on the order to 10 times the wild 
population size, of male mosquitoes of a different Wolbachia type are released, wild 
females are more likely to mate with males of a different Wolbachia type and are 
predicted to have far fewer viable offspring. With subsequent releases, this process can 
significantly suppress the wild population numbers of mosquitoes over the following 
generations over a geographic area. Wolbachia male-based insect control programs 
have been highly successful for reducing local mosquito populations around the world. 
Results of initial trials in Fresno, California showed decrease of biting Ae. aegypti 
females by 68%, 95%, and 84% during the peak mosquito seasons in 2017, 2018, and 
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mosquito surveillance, control and abatement programs. 

Proposed Required Conditions for Importation via HDOA List of Restricted 
Animals Part A 

Included are proposed conditions, suggested in collaboration with the HDOH Vector 
Control Branch, that could be required for importation if Culex quinquefasciatus 
mosquitoes are added to the HDOA List of Restricted Animals Part A to ensure any 
future imports meet safeguards to preserve public health, the environment, and the 
long-term efficiency of the IIT tool. All of the following suggested requirements would 
need to be met to obtain importation permitting. 

Culex quinquefasciatus 
1. Only mosquitoes originating from a Hawaii stock are allowed for importation.
2. Only mosquitoes containing the same wild-type bacteria as is already present in

Hawaii, or a sexually incompatible Wolbachia bacteria compared against
Hawaii’s wild mosquito populations are allowed for importation.

3. Only adult male mosquitoes are allowed for importation.
4. Only individuals or organizations who have conducted work for EPA registration

trials for mosquito biopesticide products and who can provide data on rearing
and sorting methodologies are allowed to ship these mosquitoes to Hawaii.

5. Only individuals or organizations listed on the import application are allowed to
import/receive these mosquitoes.

6. Only islands with established or incipient wild mosquito populations, as
determined by the Hawaii Department of Health’s Vector Control Branch, are
allowed to import these mosquitoes.

7. All environmental review processes, including potential Environmental Impact
Statements, Environmental Assessments, or other environmental compliance
requirements as outlined by State Law and OEQC, must be completed or cited
prior to importation.

Specific details for importation 
This is an application for: 

- A permit to import male, mosquito species: Culex quinquefasciatus.
- The listing of these mosquito species on the Hawaii Department of Agriculture’s

(HDOA) List of Restricted Animals Part A given that specific conditions, as
outlined and enforced by HDOA, are met at the time of importation. Suggested
conditions for importation are included within this application.

Within Culex quinquefasciatus, the strain of incompatible bacterium will be Wolbachia 
wAlbA, Wolbachia wAlbB, or Wolbachia wPip4. These Wolbachia bacterium are not 
present within the corresponding species of Hawaii’s established mosquito population. 
The presence of this bacterium will make these males sexually incompatible with the 

ATTACHMENT 1 



Subcommittee on Entomology 
G. Simmons & L. Wells – Hawaii Department of Health
D. Smith & C. King – Hawaii Department of Land and Natural Resources

wild, established female mosquitoes. Once imported, the male, sexually incompatible 
males will be released according to EPA and HDOA label directions to suppress the 
population of the established mosquito populations. Based on the prior use of this 
technology in California, Florida, and Kentucky, there are no data to suggest releases of 
these male mosquitoes to have a negative impact on agriculture, the environment, or 
public health and safety. Existing wild-type bacteria strain that may be imported is 
wPipV, which is already found on all of the main Hawaiian islands. 

Persons Responsible 

DLNR Chairperson, Suzanne Case 
DOFAW Administrator, David Smith 
DOFAW Entomologist, Cynthia King 
Department of Land and Natural Resources – Oahu 
1151 Punchbowl Street, Honolulu, HI 96813 

DLNR-DOFAW, Hawaii Invertebrate Program Captive Propagation Facility - Oahu 
779 Ulukahiki Street, Kailua, Honolulu, HI 96813, (808) 266-7989  

DLNR Waimano Baseyard – Oahu 
2680 Waimano Home Road, Pearl City, HI 96782, (808) 266-7989 

Kaua'i Branch Manager, Sheri Mann, Division of Forestry & Wildlife, 3060 Eiwa Street 
Rm. 306, Lihue, HI 96766. (808) 274-3433 

O'ahu Branch, Division of Forestry & Wildlife, 2135 Makiki Heights Drive, Honolulu, HI 
96822. (808) 973-9778 

Maui (& Moloka'i) Branch, Division of Forestry & Wildlife, 1955 Main Street, Room 301, 
Wailuku, HI 96793. (808) 984-8100 

Hawai'i Branch, Division of Forestry & Wildlife, 19 E. Kawili Street, Hilo, HI 96720. (808) 
974-4221

Locations and Safeguards 
All mosquitoes for import will originate from Hawaii biotypes collected from Hawaii. All 
mosquitoes will be backcrossed for at least 7 generations to ensure >99% Hawaii 
genetics are contained within the commercially available products to be applied within 
Hawaii. This backcrossing will also mitigate the risks of infections microorganisms and 
parasites to the mosquitoes via vertical transmission – thus lowering the risk of the 
mosquitoes accidentally introducing a new parasite or pathogen. In order for these 
mosquitoes to acquire and vector a disease, an adult female must blood feed from a 
disease infected vertebrate, and the pathogen must survive in the mosquito and be 
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injected into another vertebrate during a subsequent blood feeding. As the intended 
importation of these mosquitoes only includes the importation of male mosquitoes that 
do not bite or feed on blood, the unintended importation of an acquired pathogen is 
eliminated. Verification of Hawaii biotypes and Wolbachia strains will be conducted on 
initial shipments of male mosquitoes to verify requirements have been met, in 
collaboration with University of Hawaii and Department of Health. 

These mosquitoes will be imported into Hawaii through the use of commercial cargo 
flights. Upon reception to Hawaii, the male mosquitoes will be directly released into the 
laboratory for quality control testing, and into the environment for the purpose of 
suppressing the wild mosquito populations. These releases will be performed by 
individuals or organizations certified to apply these mosquito pesticide products to 
ensures that the product will be applied properly according to the recommended 
guidelines. 

MosquitoMate and Verily will regularly sample release containers by releasing the 
contents into lab cages and then examining mosquito sex and number. There is an EPA 
reviewed value of 1 female release per 250,000 males with the MosquitoMate product. 
A similar value is likely to be estimated for Culex quinquefasciatus given that similar 
automation, engineering and machine learning technology is being applied to sex 
sorting. MosquitoMate and Verily have not previously identified a female in a single 
release container during the course of the Puerto Rico or Fresno projects. In another 
example, a published study estimates the probability at less than 1 female per 200 
million males (Crawford JE, Clarke DW, Criswell V, Desnoyer M, Cornel D, Deegan B, 
et al. Efficient production of male Wolbachia-infected Aedes aegypti mosquitoes 
enables large-scale suppression of wild populations. Nat Biotechnol. 2020;38(4):482-
92.) To date, PCR monitoring of mosquitoes collected from release field sites have not 
identified any ZAP infected females. 

At least once per year, MosquitoMate and Verily will also conduct longevity and 
competitiveness studies, comparing the mosquitoes proposed for releases and wild type 
males. Data from previous trials demonstrate ZAP mosquito longevity and 
competitiveness to be at least equal to Wild Type males. In addition to Hawaii’s import 
requirements, the shipper and/or receiver will obtain additional permits as required by 
federal or state agencies. 

Wolbachia is an obligate endosymbiont and cannot survive outside of the host 
invertebrate. Wolbachia strains already exist in Hawaii in a range of invertebrates in the 
wild, including mosquitoes. The presence of Wolbachia endosymbionts is the normal 
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state for 40% to 60% of Arthropods and does not represent an unusual or pathogenic 
bacterial infection. Wolbachia are not capable of infecting human cells. MosquitoMate 
and Verily will perform PCR testing on the mosquitoes to confirm the presence of the 
correct Wolbachia bacterium within the shipment lineage to ensure cytoplasmic 
incompatibility. 

The likelihood that introduced strains of Wolbachia would become the dominant strains 
in the environment is highly unlikely. Replacing the dominant Wolbachia strain has been 
done purposefully in the environment for projects that are separate from the approach 
we are proposing (such as by the World Mosquito Program in Australia and other 
nations). To clarify, DLNR is NOT proposing a World Mosquito Program type project 
where the goal is to intentionally force a different dominant Wolbachia strain into the 
wild mosquitoes in the environment and change vector competence of the wild 
population. However, in these types of programs, they have to release 4 million mixed 
male AND female mosquitoes in a given location to force a new Wolbachia strain to 
become the dominate strain over an area of 66 km^2. Given the aforementioned EPA 
reviewed value of 1 female release per 250,000 males with the MosquitoMate product, 
such an outcome is not expected to occur. 

If, somehow population replacement were to occur (despite the estimated 1 female 
release per 250,000 males) DLNR would cease releases as the released males would 
then be able to mate with the wild females with the established Wolbachia species. The 
outcome of this would be that the mosquito species that already exists in Hawaii would 
continue to exist in the wild, just with a different Wolbachia bacteria. We do not 
anticipate a different Wolbachia bacteria having any new or negative effects on the 
environment.  

DLNR and DOH feel comfortable utilizing these mosquitoes at a very small scale (in 
remote forest habitat) or at a very large scale (across urban areas and island wide) so 
long as recommended application guidelines are followed. The scale and scope of the 
project will likely vary across time based on the funding available and mosquito 
prevalence. As with any pesticide product, if you do not eradicate the species of 
concern, they will rebound if you stop using the pesticide product. However, we view 
this as a beneficial aspect of the project as we also know we can stop the process at 
any time. Unfortunately, due to the critical nature of the declines of Hawaiian forest 
birds, we anticipate mosquito control becoming a long-term management action to be 
performed (similar to rat control and invasive weed control) annually. 
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Data collection will occur during releases using the State general funds as well as 
federal funds from partner agencies (USFWS, USGS, NPS), depending on who is 
performing the releases. As the application of the pesticide product is intended for the 
reduction of Culex quinquefasciatus mosquito populations, this monitoring will include 
extensive mosquito population surveillance following releases to ensure that 
populations are reduced. DLNR is already conducting this type of monitoring in 
preparation for incompatible mosquito releases. Wolbachia genetic monitoring will also 
occur, likely in partnership with USGS, throughout the release program. 

In addition to Hawaii’s import requirements, the shipper and/or receiver will obtain 
additional permits as required by federal or state agencies. 

Method of Disposition 
Any dead imported mosquitoes will be disposed of as municipal waste. 

Abstraction of Organism 
Culicidae species are sexually reproducing species. Minimum generation times vary but 
are approximately three weeks. Mature adults are up to approximately a centimeter in 
length and can live for a month to a few months. Adult mosquitoes range from 2.0 to 
10.0 mm in size with males being smaller than females on average. Mosquito life cycles 
are well understood for most species, including all those established in Hawaii. 

Larvae feed on organic material found in pools of water. Both adult males and females 
feed on water that contains carbohydrates (water with sap or nectar). Only mature 
females of certain species seek out and feed on vertebrate blood prior to egg laying. 
This blood feeding process allows for the transmission of pathogens and parasites. 

Culex quinquefasciatus rely on pools of water with organic material for the growth of 
larvae. Only adult females bite, as they require blood meals from vertebrate hosts to 
develop their eggs. 

Potential Impact to the Environment 
Culex quinquefasciatus are already well established in the wild on all of the main islands 
in Hawaii from sea-level to ~6,000 feet in elevation. and Culex quinquefasciatus are 
established statewide and is well establish on Hawaii’s Big Island. An additional five 
other “biting” non-native mosquito species have also become established: Ae. 
albopictus, Ae. aegypti Ae. japonicus, Ae. vexans, and Wyeomyia mitchelli. 

Wolbachia are not infectious to humans and are vertically transmitted through the eggs 
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from one generation to another. The Wolbachia bacteria are obligate endosymbionts 
and can only survive inside the insect host’s cytoplasm. A mosquito transinfected with a 
different strain of Wolbachia that results in cytoplasmic incompatibility would not be able 
to successfully reproduce with a wild mosquito due to cytoplasmic incompatibility. 
Therefore, if individual mosquitoes did become temporarily established, then they will 
quickly die off over the following generations because of cytoplasmic incompatibility with 
wild mosquitoes of the same species, with which they would be expected to encounter 
and mate. 

Through the importation we intend to only import male mosquitoes. The sex separation 
can be performed in a variety of manners including through computer recognition and 
separation of males and females or through pupal sorting of males and females. 
However, if both sexes of transinfected mosquito were to be accidently released, they 
are unlikely to maintain a breeding population of a transinfected mosquito. Wolbachia 
invasions into populations require a critical threshold frequency of infection that needs 
to be overcome before a novel Wolbachia infection can spread into a population. The 
Wolbachia infection rate must exceed 20-45% before it can spread and become 
established. This is evident in large scale releases such as in Cairns, Australia, where 
millions of transinfected mosquitoes (both sexes) with Wolbachia are released into the 
environment to control disease transmission, yet they do not easily reach fixation in the 
wild. If transinfected mosquitoes were to become established, the establishment is likely 
to be spatially localized due to incompatibility with neighboring mosquito populations. 

Potential Impacts of Importation 

pro: Importation of male mosquitoes will allow the implementation of an evaluated 
technology that has been scientifically demonstrated as a safe and effective control 
method for mosquitoes on a landscape-scale. These are mosquitoes that are 
widespread in Hawaii and which have negative impacts to humans, wildlife, and pets, 
and are causing the extinction of native forest birds. Thirty species of main Hawaiian 
forest birds have become extinct since European contact, and another 11 of the 21 
remaining species are federally listed as threatened or endangered. The remaining 21 
forest bird species remain at great risk as a result of avian pox and avian malaria. Four 
honeycreeper species (Akikiki, Oreomystis bairdi; Akekee, Loxops caeruleirostris; 
Kiwikiu, Pseudonestor xanthophrys and Akohekohe, Palmeria dolei) are of particular 
concern – each are federally endangered, single-island endemics with highly restricted 
ranges, number fewer than 1,800 individuals, and display recent alarming population 
declines. DLNR and USFWS have previously attempted to address these declines 
through bold conservation actions, such as translocations and establishment of captive 
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populations; however agencies have met with only limited success due to rapidly 
changing disease-transmission conditions on the landscape. There is an urgent need to 
develop new conservation tools, including landscape-level mosquito control in order to 
prevent further extinctions. 

The application of traditional chemical controls for mosquitoes in both natural areas is 
impractical and causes unacceptable non-target impacts, whereas IIT carries no non-
target risks to native species, humans or the environment. Furthermore, mosquitoes 
were first introduced to the Hawaiian Islands in the 1800s, and while they are used 
opportunistically as prey items, no species native to Hawaiʻi are dependent on their 
presence for survival. The control of mosquito populations in Hawaiian forests would 
thus cause no negative impacts on Hawaiian species. 

Demonstrated application of this approach in Hawaii would have also have a wide range 
of potential positive effects in that it may facilitate the incompatible insect technique 
approach being used for human health. 

con: It is hard to imagine any negative effects since the species is already established in 
Hawaii. Importing these organisms will not have any foreseeable beneficial effect to this 
mosquito species already found in Hawaii. The introduction of, for example, increased 
genetic variation within the mosquito species will be minimized by crossing the lines to 
mosquitoes originating from Hawaii. 

The presence of unintended accompanying microbiota is minimized by the sterile 
laboratory rearing conditions used. These mosquitoes have been maintained for many 
generations in the lab environment and have not had the opportunity to obtain 
pathogens from the wild from blood feeding. The presence of intended microbiota, the 
Wolbachia, potentially has very positive effects on the societal health, the suppression 
of human disease vectored by mosquitoes, the environment, via population suppression 
of mosquitoes that vector avian pathogens, and the economy, through the potential 
increased tourism and lessened disease burden. 

This mosquito species is already well established in Hawaii, as are many different 
strains of Wolbachia. MosquitoMate and Verily have a demonstrated track record of 
success utilizing sex-sorting methods which are highly effective. In the event that 
technical difficulties did occur during sex-sorting methods, because of cytoplasmic 
incompatibility, the escape of female mosquitoes carrying a new Wolbachia strain is not 
expected to be stable over the following generations. Laboratory reared females 
outcrossing to locally established wild male mosquitoes will result in cytoplasmic 
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incompatibility and the failure of offspring to develop. 

There is an extensive body of literature surrounding this mosquito species, its impact 
upon Hawaii, and Wolbachia-mediated cytoplasmic incompatibility. 
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within mosquitoes: 
Atyame, C. M., Cattel, J., Lebon, C., Flores, O., Dehecq, J.-S., Weill, M., Gouagna, 
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dynamics: cytoplasmic and genetic analogues of Allee effects. The 
American Naturalist, 178(3), E48-E75. 
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Academy of Sciences, 109(1), 255- 260. 
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Culicidae). Journal of Medical Entomology, 38(3), 382-387. 
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Questions from Hawaii Department of
Agriculture on Incompatible Culex strain
The following information is being provided by Verily Life Sciences in response to questions
from the Hawaiian Department of Agriculture (HI-DoA) about the wAlbB-strain Culex
quinquefasciatus (incompatible i.e. conditionally sterile mosquitoes), which the US Fish and
Wildlife Service, the Birds Not Mosquitoes (BNM) coalition and other collaborators wish to
import into Hawaii for use in a mosquito control program that uses Sterile Insect Technique (or in
this case, an incompatible insect technique). The objective of this program is to protect native
Hawaiian birds against avian malaria, which is vectored by invasive Cx quinquefasciatus in
Hawaiian bird reserves.

Background information:
Debug is a Verily Life Sciences (Verily) project aimed at developing technology to rear and
release sterile or incompatible mosquitoes to reduce mosquito populations that transmit
disease. Much of the Debug project’s work has focused on developing tools for the mass rearing
and effective release of male mosquitoes that are conditionally sterile against Wild Type (WT)
mosquitoes due to cytoplasmic incompatibility (CI): whereby male insects infected with
Wolbachia that mate with either females without Wolbachia or those infected with different
Wolbachia strain, produce non-viable progeny, as embryonic development is halted. CI is the
basis for the Wolbachia Sterile Insect Technique (SIT), also referred to as the Incompatible
Insect Technique (IIT). Debug has successfully developed and deployed incompatible male
Aedes aegypti mosquitoes in several large scale collaborative programs. For reference the
following publications provide detail about the efficacy, general approach, rearing, sex sorting,
release and field results of some of these projects:

● Crawford et al 2020, Fresno CA, USA (2017-2018)
● Beebe et al 2021, Innisfail QLD, Australia (2018), see also Australian CSIRO website on

the Innisfail project.
● Ng et al, 2021, Singapore (2018-current), see also Singapore National Environment

Agency website on Project Wolbachia Singapore

While there are no recent publications on field programs using incompatible Cx. quniq., there is
a 1967 publication showing local elimination of Culex pipiens using release of incompatible
Wolbachia males in Myanmar (Laven, H. Eradication of Culex pipiens fatigans through
Cytoplasmic Incompatibility. Nature 216, 383–384 (1967). https://doi.org/10.1038/216383a0.),
and incompatibility in Cx. pipiens is widely studied.

In Hawaii, Debug has been requested by Hawaiian conservation groups including the Birds Not
Mosquitoes coalition, The Nature Conservancy and the US Fish and Wildlife Service, to
participate in a project that attempts to protect native Hawaiian birds from the depredations of
Avian Malaria vectored by the invasive Cx. quniq. mosquitoes. This project would release
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incompatible male Cx. quinq. into forest reserves with the goal of reducing wild-type (WT) Cx.
quniq. mosquitoes and hence reducing malaria infections in birds. These male mosquitoes have
a short lifespan (days), can not bite or vector disease, and are conditionally sterile due to the
presence of an incompatible strain of the endosymbiont Wolbachia pipientis already present in
Hawaiian mosquitoes (wAlbB sourced from Hawaii.) As noted previously Cx. quinquefasciatus
are widespread in Hawaii, Wolbachia pipientis is present in a majority of insect species,
including many endemic to Hawaii, all Culex and Aedes albopictus mosquitoes in HI have
Wolbachia pipientis, and thus there is a long history of human and ecological exposure.

Verily’s understanding is that the Hawaiian Department of Agriculture intends to submit an
emergency application under FIFRA Section 18 to the EPA for temporary registration of the
wAlbB in Cx. quinq. and that releases will be conducted under appropriate permits.

Questions from Christopher Kishimoto (Hawaii Department of
Agriculture, Plant Quarantine Branch, Entomologist)

1. Could you please walk us through your procedures on how you eliminate female
mosquitos from being released?

Verily’s multi-stage mosquito sex sorting system removes females with extremely high accuracy,
while retaining most males for release. As outlined in Crawford et al. 2020 the system comprises
3 stages: 1) sieving of pupae to remove the vast majority of females, as female pupae are larger
than males, 2) adult sex sorting using a real-time industrial vision system that uses multiple
images of every adult mosquito to identify and remove females, and finally 3) we submit all
images of individuals labeled male by the industrial vision system for scoring by a machine
learning classifier which acts as a quality control system with further human review to identify
and enable removal of any potential females accepted by the adult industrial vision sorter. For
Aedes aegypti the combined system is expected to release 1 female for every 900 million
males with a 95% CI of 1:200 million to 1:26 billion (Crawford et al. 2020). We are currently
adapting the Verily sex sorting pipeline to Culex mosquitoes but as the basic features used for
sex sorting, particularly the adult morphology, are the similar between Culex and Aedes we
hope for extremely high accuracy sorting. As we do for Aedes as a part of EPA permitted
manufacturing, we will also perform regular QC assays to confirm absence of females in sample
release batches prior to the beginning of shipments and importation into Hawaii. See diagram
below from Crawford et al. 2020
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Exact protocols (e.g. sampling rate, pooling, etc.) for field surveillance to identify incompatible
Culex adult females and/or larvae in Hawaii will need to be agreed and finalized.

8. What are the overall results from field releases of Verily mosquitos so far?
As outlined above in the introduction there are several studies showing that incompatible
(transfected) male Ae. aegypti can cause suppression of wild mosquito populations when
operated using Verily’s rearing and release systems.

● California (in collaboration with MosquitioMate and others) showed 95% (up to 99%)
suppression in treatment areas relative to controls: Crawford, J.E., Clarke, D.W.,
Criswell, V. et al. Efficient production of male Wolbachia-infected Aedes aegypti
mosquitoes enables large-scale suppression of wild populations. Nat Biotechnol 38,
482–492 (2020). https://doi.org/10.1038/s41587-020-0471-x

● Australia (in collaboration with the Australian CSIRO and others) showed >80% (up to
97%) suppression in treatment areas relative to controls: NW Beebe, D Pagendam, BJ
Trewin, A Boomer, M Bradford, A Ford, et al. Releasing incompatible males drives strong
suppression across populations of wild and Wolbachia-carrying Aedes aegypti in
Australia. Proceedings of the National Academy of Sciences 118 (41).
https://www.pnas.org/doi/full/10.1073/pnas.2106828118

● Singapore Ng. et al 2021 MedRxiv Preprint Paper in collaboration with Singapore
National Environment Agency showed 98% suppression in treatment areas relative to
controls.

In addition to recent Aedes field results there is a 1967 Culex pipiens paper showing local
elimination (100% suppression) using release of incompatible males in Myanmar: Laven, H.
Eradication of Culex pipiens fatigans through Cytoplasmic Incompatibility. Nature 216, 383–384
(1967). https://doi.org/10.1038/216383a0.

9. How long does it take for wild mosquito populations to get back to prerelease
populations once Verily mosquitos have stopped being released?

It is unknown what would happen with Cx. quinq. in the proposed program areas after a
successful suppression program, as it will depend on migration rates from outside the treatment
area, natural fecundity of wild mosquitoes in the local ecology and a variety of other factors. Any
release program would need to maintain an ongoing surveillance program to monitor this.

10. Does Verily have EPA approval to release its mosquitos in Hawaii?
11. Does Verily have Hawaii Department of Agriculture Pesticides Branch approval to

release its mosquitos in Hawaii?
In answer to 10-11: As previously discussed with HI-DoA, Verily will support partners and
HI-DoA in applying for EPA permits along with any state permits required to undertake this
program.

12. How many Verily mosquitos would have to be released to achieve adequate population
control in Hawaii’s environments?

This will be determined by Verily and local partners based on the results of an initial Mark
Release Recapture (MRR) trial, which would give information on wild-type population numbers
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