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Incidence of Three Major Vector-borne Diseases

Malaria
50%

Of global population are at 
risk of exposure to Malaria

>219m
Currently have 

Malaria

>400,000
Die every year 
from malaria

$12bn
Annual economic impact

of Malaria in Africa 

Dengue
>40% 

Live in an area at risk of 
Dengue Fever

390m
Dengue infections

annually

>25,000
Deaths from Dengue 

each year

30x
Increase in dengue in 

past 50-years

Zika
$10m

Lifetime healthcare cost for
child infected in utero

86
Countries reported mosquito-

borne Zika virus at 
Feb 2018

76
Reported detections

in Australia 

$1.1bn
Provided by US Congress in 

2016 to combat zika

The increasing 
problem of global  
vector-borne 
diseases

Major vector-borne diseases 
account for 17% of the estimated 
global burden of communicable 
diseases & claim >700,000 lives 
every year

Countries that 
have reported 
infections of 
either Zika, 
Malaria and / or 
Dengue
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Vector-borne 
diseases are a 
growing problem

“The issue of vector-borne disease is a rapidly growing global 
problem due to increasing insecticide resistance, population 
growth, urbanisation, travel, and climate change. 

Currently more than half of the world’s population is at risk of 
vector-borne diseases. Globally there are more than 200 million 
cases of malaria and over 400,000 people die from the disease 
every year, most of them children under the age of five. 

Zika virus has been declared a global health emergency, and death 
due to dengue fever has increased 30 fold in the last 50 years. 
Collectively, it is estimated that mosquito-borne diseases such as 
malaria, dengue, zika claim over 700,000 deaths every year. In 
addition, these diseases are known to exacerbate poverty and 
prevent economic development. 

Unfortunately, the effectiveness of currently used insecticides is 
diminishing due to resistance.”

Prof. Catherine Hill
BGT Scientific Advisor
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Insecticide 
resistance

New insecticides are increasingly elusive
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Increasing number of resistant species

586 insect species now 

resistant to at least one 

insecticide class

Widespread resistance has been recorded in all major malaria 
vectors across the four most commonly used insecticide classes:

• Pyrethroids

• Organochlorine

• Carbamates

• Organophosphates

Resistance is rapidly 
increasing while our ability to 
find a solution diminishes
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New solutions are 
needed to address 
resistance & toxicity

Increasing incidence of resistance 
threatens effectiveness of existing 
controls

Significant concern over the  toxicity 
of existing and new insecticides to 
the environment

EU bans a number of  
Neonicotinoids, (the most widely 
used insecticide class) for outdoor 
use due to bee safety concerns

*CLICK LINKS TO LAUNCH 
ARTICLES
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Mosquito Species

Aedes sp. Anopheles sp. Culex sp.
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Zika Virus ✔ - - 42 countries

Dengue Fever ✔ - - 390m infections

Yellow Fever ✔ - - 30,000 deaths

Malaria - ✔ - 219m infections

West Nile Virus - - ✔
47 states in the US with 

infections

Chikungunya ✔ - -
2019 cases in Ethiopia, Thailand 

& Brazil

Ross River - - ✔
5,000 infections annually in 

Australia
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Organochlorines ✖ ✖ ✖ Discovered 1930

Organophosphates ✖ ✖ ✖ Discovered 1944

Pyrethroids ✖ ✖ ✖ Discovered 1977

Carbamates ✖ ✖ ✖ Discovered 1950

Infectious 
diseases spread 
via mosquitoes

Resistance to commonly used 
insecticides is evident in all key 
mosquito species; hampering 
efforts to control disease 
worldwide

Legend

✔ Infectious disease carried

✖ Resistance recorded6



Malaria mosquito 
resistance 

Widespread resistance is leading 
to multiple incidences of failure 
to prevent Malaria outbreaks 

Nearly all insecticide classes 
used for malaria mosquito 
control are over 40-years old, 
with the vast majority now 
experiencing resistance and 
toxicity issues

1940's

DDT

Lindane

1950's

Malathion

1960's

Fenitrothion

Propoxur

Chlorpyrifos-
methyl

1970's

Pirimiphos-
methyl

Bendiocarb

Permethrin

Cypermethrin

1980's

Alpha-
cypermethrin

Cyfluthrin

Lambda-
cyhalothrin

Deltamethrin

Bifenthrin

Etofenprox

1990's 2000's 2010's

Chlorfenapyr

(2017)

Organochlorines Organophosphates Carbamates Pyrethroids Pyrroles

Toxicity Banned in agriculture
Yes. Monitoring 

recommended
Yes Low Low

Resistance

Yes, and cross 

resistance with 

pyrethroids

Yes, and cross 

resistance with 

carbamates

Yes, and cross 

resistance with 

organophosphates

Widespread Global 

Resistance

Limited 

Use

History of WHO-approved insecticides for adult Malaria Mosquito control
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Insecticide-treated bed nets (‘ITN’) 
are the most common method to 
control Malaria mosquitoes

At least 700 million ITNs have 
been distributed in Africa since 
2000

Critical intervention 
methods

Most Common Intervention Methods:

1) Insecticide-treated bed nets are infused with insecticides providing:

• A physical barrier protection; and 

• Control of mosquitoes via contact with the net & absorption of the insecticide through the 
tarsi (feet)

2) Indoor residual spraying with contact insecticides is also an important component of Malaria 
control strategies 

68%

22%

10%

Contribution of Malaria Control 
Intervention in Africa

Insecticide-treated Bednets (ITN)

Artemisinin-based combination therapy

Indoor residual spraying

Tarsal absorption 
via insecticide 

treated bed nets

*WHO recommended drug therapy for  malar ia l  cases

*
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Bio-Gene is well 
placed to deliver 

a solution



Bio-Gene’s 
technology 
addresses market 
needs

Our proprietary chemistry 
represents a step-change for 
resistant mosquito control

Safe 

Chemistry

• Flavocide™ is a ‘nature identical mimic’ of a natural compound that can be 

mass produced for vector control

• Low toxicity to bees & beneficial insects, favourable safety profile for use 

Efficacy • Testing to date confirms potential for controlling resistant pests across multiple 

markets 

Novel Mode 

of Action

• Operates via a novel Mode of Action, potentially addressing resistance to other 

classes of chemistry

Scalability • Production processes are refined, scale-up in progress

Synergies & 

Combinations

• Proven synergy in combinations with synthetic pyrethroids – the most commonly 

used mosquito insecticides

Control of 

Multiple 

Generations

• Potential to impact pest populations by controlling adults and offspring
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A novel Mode of 
Action is key to 
addressing 
resistance

Flavocide operates via a novel Mode of Action, addressing resistance to other classes 
of chemistry

• Insecticides are classified by the Insecticide Resistance Action Committee (‘ IRAC ’) under 
their Mode of Action which is the way the insecticide works to control the pest

• Development of insecticides with new MoA’s curtail the issue of resistance; but the last 
significant MoA class introduced was in 2008, Diamides, not currently used to control 
mosquitos

• Our extensive testing clearly demonstrates that Flavocide has a significantly different 
MoA from any other class of chemistry used or classified by IRAC

The Problem

“Mosquito resistance to current insecticides 
is threatening the huge gains made so far in 
reducing deaths from malaria, so we 
desperately need effective chemistry with 
modes of action new to public health to 
combat these resistant mosquitoes, and 
enable rotation with other products”

Dr. Nick Hamon

Chief Executive Officer

Innovative Vector Control Consortium*

*IVCC works global ly to faci l i tate innovative approaches to 
preventing vector-borne diseases and tackle the growing 
threat of insecticide resistance.

The Solution

“Studies undertaken by Neurosolutions have 
demonstrated Flavocide has a unique mode 
of action (‘MoA ’), that differs from other 
available insecticides. A unique MoA creates 
the potential to address the ongoing issue of 
insecticide resistance and control a variety of 
pest species resistant to currently available 
chemical entities”

David Spanswick

Professor of Molecular Neurosciences, 
Warwick University & Neuroscience, Monash 
University

Chief Scientific Officer and Co-Founder of 
Neurosolutions and Pacific Discovery 
Services
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Flavocide 
mosquito results

• Purdue University, 
Department of Entomology

• Showalter Faculty Scholar

• President’s Fellow for the Life 
Sciences

• Authority in new insecticide 
development & novel 
chemistry

Prof. Catherine Hill
BGT Scientific Advisor

Testing Overview

• Bio-Gene has engaged Purdue University, world leaders in vector control, to evaluate 
Flavocide for control of mosquitoes carrying diseases such as Malaria, Dengue, Zika and 
West Nile Virus

• Recent studies have involved tarsal assays that demonstrated Flavocide’s activity 
against the malaria vector Anopheles gambiae including resistant strains

• Tarsal assay studies confirmed the potential application for Flavocide in the two key 
insecticide control methods used:

1) Insecticide treated bed nets 

2) Indoor residual sprays

Mosquito Species

Aedes sp. Anopheles sp. Culex sp.
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Organochlorines ✖ ✖ ✖ Discovered 1930

Organophosphates ✖ ✖ ✖ Discovered 1944

Pyrethroids ✖ ✖ ✖ Discovered 1977

Carbamates ✖ ✖ ✖ Discovered 1950

Flavocide ✔ ✔ ✔ New Chemistry

Legend

✖ Resistance recorded ✔ Efficacy confirmed 
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Flavocide results

CLICK HERE TO PLAY MOSQUITO 
TESTING VIDEO

Overview of Flavocide tarsal 
assay studies completed at 
Purdue University

Studies funded by Bio-Gene Technology Ltd. Statements 
are those of the principle investigator and do not represent 
the posit ion of Purdue Universi ty 13

https://vimeo.com/378957808
https://vimeo.com/375545812
https://vimeo.com/378957808
https://vimeo.com/378957808


Demonstrates Flavocide’s 
potential as an insecticidal 
treatment for control of resistant 
adult Anopheles gambiae 
mosquitoes

Purdue Tarsal Assay 
Summary

Test Overview:

• Tarsal assay used to assess the response of adult mosquitos (Anopheles gambiae) to a 
surface treated with Flavocide

• Assesses the potential of a compound for use as an Indoor Residual Spray or Insecticide 
Treated Nets

Findings:

• Tarsal assay revealed toxicity of Flavocide formulation to Synthetic Pyrethroids (‘ SP’) 
resistant strain of adult mosquitos (Anopheles gambiae) at 1, 24, and 48 hours

• Data revealed that Flavocide-treated surface was toxic to SP resistant Anopheles 
gambiae and suggest that mosquitoes acquire the Active Ingredient via the tarsi

• High doses of Flavocide caused rapid paralysis/incapacitation of mosquitoes within 30 
minutes

Conclusion:

• Study suggests Flavocide delivered via treated surfaces such as Indoor Residual Sprays 
and Insecticide Treated Nets has potential as insecticidal treatment for control of adult 
mosquitoes resistant to SPs

• The differences observed between resistant mosquitoes exposed to permethrin and 
Flavocide suggest that the Mode of Action is different for Flavocide versus SPs

Studies demonstrate the potential for Flavocide to be used 
as an insecticide for control of SP-resistant mosquitoes

14

Demonstrates Flavocide’s 
potential as an insecticidal 
treatment for control of resistant 
adult Anopheles gambiae 
mosquitoes

Purdue Tarsal Assay 
Summary



This latest trial highlights a major 
discovery in the control of resistant 
Malaria-carrying mosquitoes.

This adds to previous work on 
other species that are vectors of 
other global vector-borne diseases.

Purdue collective 
trial results

Flavocide data set relating to mosquito vector control is compelling:

a) Efficacy: Collective data from all laboratory studies now confirms Flavocide activity 
against resistant strains of Anopheles gambiae (malaria),  Aedes aegypti (Dengue and 
Zika) and Culex pipiens (West Nile, Ross River) 

b) Toxicity to Non-targets: Data showing a substantially lower level of toxicity on bees and 
other beneficial insects in comparison to incumbent insecticides

c) Mode of Action: Confirmed an activity profile unique & different from that of other known 
insecticides

Bio-Gene now holds a completed suite of mosquito data
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16
Commercialisation 
pathway

Strategic approach

In-house Testing & Data Generation

• Suite of data now well developed, with compelling evidence of 
efficacy of Flavocide against key vector mosquito species

Progress Commercial Discussions Globally

• Now pursuing discussions with Corporates, NGO’s, Philanthropic & 
Gov Agencies

• Progress Material Transfer Agreements (MTA’s) relevant to this 
Vector Control

Exclusive Partnership Arrangements

• Work to structure exclusive partnerships (similar to recent Grain 
Storage program with BASF) 

Commercial Deals

• Progress towards more formal agreements and development plans 
with key partners to enable commercialisation of our technology

A

B

C

D

Capitalise on the results 
achieved to date to create 
opportunities for commercial 
development
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Proven efficacy in 

key mosquito vector 

control methods

Low toxicity to 

beneficial insects

>5,000x less 

toxic to bees

Novel Mode 

of Action

Strong IP 

portfolio

Scalable 

technology

Proven synergies 

with key existing 

insecticides

Trial results validate 

technology

Bio-Gene has a compelling value proposition in vector control

Executive 
summary

Our proprietary chemistry 
represents a step-change for 
resistant pest control
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