
36 technologysolutions  1 / 2010

What Affects the World

Mosquitoes Without the Bite
Nearly half the world population lives in areas with the risk of malaria. In many regions, nets 
are an important protection against Anopheles mosquitoes. Bayer Technology Services has 
played a major role in the development of a new generation of mosquito nets.

  PROTECTION AGAINST MALARIA

ictims are the most vulnerable when 
they are asleep – even if the enemy 

weighs just a few milligrams and has ultra-thin legs: a mos-
quito. Particularly at night, these tiny creatures are sure to 
find a bit of bare skin while the victim sleeps. The result is in-
evitable: the mosquito lands on its victim, bites into the skin 
and sucks itself full with blood. The female mosquito is hun-
gry for the proteins she needs for egg development. The iron-
rich hemoglobin from human blood is her preferred meal. To 
prevent the blood of its liquid meal from clotting, the insect 
spits its saliva on the victim’s skin before it bites. Mosquito 
saliva is a veritable cocktail of substances, including an anti-
coagulant. As soon as she has finished her meal, the female 
mosquito takes off and flies away. Her defenseless victim has 
not noticed anything and continues to sleeps contentedly. But 
the following morning the mosquito bite will no doubt begin 
to itch. 

In the worst case scenario, however, the consequences can be far 
more serious. That can happen if this particular blood-suck-
ing insect was Anopheles mosquito, and her saliva contains 
so-called plasmodium parasites. These protozoa are the 
causative agent of one of the world’s most dreaded infectious 
diseases: malaria. There are more than 100 countries in 
which malaria is widespread, and around 3.3 billion people 
live in risk areas where the some 50 species of the genus 
Anopheles thrive. They are the only ones of the some 2,500 
mosquito species worldwide that carry plasmodium para-
sites and thus transmit malaria.

According to estimates of the World Health Organization 
(WHO), on average eight people are newly infected every sec-
ond. At this rate, 700,000 new cases occur every day and up 

to 250 million per year. This boils down to some 250 million 
mosquito bites – usually at night – that change a life, and in 
many cases even lead to an untimely death. Around one mil-
lion people die of malaria every year, as reported by further 
WHO statistics. 

In this context, the Millennium Development Goal of the 
United Nations to halt the incidence of malaria by 2015 and to 
start its reverse sounds particularly ambitious. Effective pre-
ventive measures are needed, and they clearly have to begin 
with protection against the bloodsucking mosquitoes. This in-
cludes spraying insecticides as well as sleeping under mosqui-
to nets, a practice known for centuries. Indeed, even Cleopatra 
is said to have slept under a mosquito net. 

Today’s mosquito nets for beds are admittedly much more ad-
vanced than those available to the Ancient Egyptian queen. 
Their protection is far more than just being a mechanical bar-
rier against flying pests. They are now also impregnated with 
chemical active ingredients that keep the hungry flying in-
sects at bay or render them harmless. These are usually pyre-
throids, the chemical relatives of natural pyrethrum found in 
chrysanthemums. The classical approach is to treat the mos-
quito nets with a pyrethroid-containing formulation. Bayer 
CropScience has supplied deltamethrin, an impregnation 
agent of this kind based on pyrethroid, for many years now. 
With more advanced technologies, however, scientists have 
succeeded in incorporating the pyrethroid molecules directly 
into the fibers used to produce the mesh netting. The advan-
tage is that the end users do not have to constantly re-impreg-
nate their nets. 

The WHO refers to them as long-lasting insecticide-treated 
nets, and excellent successes have been achieved with them so 

 V



37technologysolutions  1 / 2010

Only six millimeters in size, but they causes enormous suffering: as the vector of 
malaria, Anopheles mosquitoes kill some one million people every year.

     Only six millimeters in size, but they cause enormous suffering: as the vector 
     of malaria, Anopheles mosquitoes kill some one million people every year.
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far. For instance, studies have shown that both the number of 
malaria attacks and the fatalities among children have been 
able to be reduced. At the same time, these insecticide-treated 
nets have proved to be about 40 percent more effective than 
simple, unimpregnated mosquito nets. At the end of Novem-
ber 2009, the Global Fund to Fight AIDS, Tuberculosis and Ma-
laria reported that some 88 million insecticide-treated nets 
have already been distributed. This organization is one of the 
most important sponsors.  On the other had, some existing 
nets could be improved. “The WHO puts extremely high de-
mands on such mosquito 
nets and today’s convention-
al products only partially 
meet these requirements,” 
as Dr. Maren Heinemann 
and Dr. Jens Hepperle from 
Bayer Technology Services 
explain. For example, one 
such requirement is that the 
mosquito nets do not lose 
their efficacy after washing.   

A mosquito net must be 
able to withstand at least 20 
washings without damage, 
which is equivalent to a 
service life of about three 
years. So, the ambitious 
goal of the Bayer Technolo-
gy Services project was to 
increase the lifespan of 
mosquito nets to five years. 
This length of time amounts 
to even more washings than the WHO requires. A further 
important shortcoming of many existing mosquito nets is 
the fact that they are either not sufficiently effective or are 
as rough as a cleaning rag and therefore quite unpleasant to 
handle.  

Combining a high tear strength with a pleasant haptic has not 
been terribly successful with the conventional fabrics based 
on polyethylene or polyester that have been used until now. 
“However, you can produce a mesh net woven with fibers 
from synthetic polypropylene that meets these require-
ments,” says Heinemann. 

And she must know. After all, the engineers in Mixing, 
High Viscosity and Reaction Technologies at Bayer Technol-
ogy Services have been experimenting with polypropylene 
fibers for years. Their work is part of a collaboration be-

I t sounds extremely simple, but it is in fact high-
ly sophisticated: blending the active ingredient 

deltamethrin with the plastic polypropylene using 
a twin screw extruder.  

“We had to optimize this process in numerous 
small steps,” says Dr. Jens Hepperle. The chemi-

cal engineer at Bayer Tech-
nology Services is an expert 
in the field of compounding. 
Screw extruder design, 
screw extruder rotations 
and melting temperatures 
are all factors that had to 
be taken into consider-
ation in this process and 
for which we had to find 
the right combinations. “In 
addition to this, it should 
become too hot so that the 
active ingredient does not 
disintegrate ahead of time,” 
Hepperle explains.

For him, the good results 
in the case of the mosqui-
to nets show once again 
that Bayer is a decisive step 
ahead of competitors in the   
market. Hepperle: “In our 

own Group, Bayer Technology Services has exten-
sive expertise on how to integrate active ingredi-
ents into polymers and on how to deal, in particular, 
with biologically effective or with pharmaceutical 
substances.” 

And the company intends to concentrate all this 
expertise in its own pilot plant for active ingredi-
ents, which is expected to be completed in 2011. 
With the more advanced processing technologies 
available in this new pilot plant in Leverkusen, it 
should be possible to safely incorporate various 
active ingredients into polymers and produce new 
plastic products with active ingredients.

What Affects the World

According to estimates of the WHO eight people are 

newly infected by the malaria pathogen every second – that 

means 250 million new cases every year.  

Handy with Screws

Standing in front of a twin screw extruder, Dr. Jens Hepperle 
holds two screw extruders similar to those used for compounding.
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tween Bayer Technology Services and Bayer CropScience 
that aims to develop softer mosquito nets, which also offer a 
more long-lasting protection against malaria. 

However, choosing polypropylene as a suitable fiber mate-
rial was just the first step in the development. After that, the 
researchers had to overcome three further challenges, as 
Heinemann recalls: “Up to then there had only been fabrics 
made from very thick polyproylene fabrics, such as carpet-
ing. So, we had to develop a method of producing thinner 
fibers and convert this process to industrial-scale produc-
tion. It was also necessary to adjust the weaving process, 
and finally, we had to find a way to integrate deltamethrin, 
the active ingredient recommended by the WHO, directly 
into the polypropylene fiber.”

That was a task tailor-made for the engineers at  Bayer Technol-
ogy Services. After all, they frequently have to deal with the 
task of embedding active ingredients in a polymer matrix or 
are in general involved with processing multicomponent sys-
tems: for example, flavoring or aromatic agents that have to 
be encapsulated or crop protection or pharmaceutical active 
ingredients that are supposed to be released gradually. There 
are many different tasks in this field.

Integrating deltamethrin into the polypropylene was tech-
nically achieved by extruding both materials in a so-called 
twin screw extruder. “High concentrations of the active in-
gredient are first blended with the melted polypropylene un-
til one obtains a completely, homogeneous blend. This mix-
ture is then extruded into strands, which solidify and are  
cut up into granules,” Hepperle explains.

These granules are later liquefied once again and spun in-
to fine, but highly tear-resistant filaments. These filaments 
are then woven into the close-meshed fabric from which the 
bed nets can be cut and sown.

Under the direction of Bayer CropScience, the experts at 
Bayer Technology Services cooperated with numerous ex-
ternal partners in the textile industry on the development. 
“In the end it was a truly international project, involving 
companies in Germany, France, Albania, Thailand and Tai-
wan,” Heinemann says.

In the meantime all the technical hurdles have been over-
come so that Bayer CropScience’s commercial launch of the 
mosquito net is imminent. And the experts have already 
found an appropriate name: LifeNet®. “With this mesh mos-
quito net, we have met and in some respects even surpassed 
the extremely ambitious targets of the World Health Organi-
zation,” says Dr. Rainer Sonneck, who headed the project at 
Bayer CropScience. “This will also be the first step towards 

establishing a new, superior quality of insecticide-infused 
mosquito nets with WHO.”  

If one examines a piece of the net under a scanning elec-
tron microscope, one can visualize where the deltamethrin 
is located on the surface of the fiber. When a mosquito 
comes in contact with the fiber, the insecticide takes effect. 
And it is not even a problem when the active ingredient is 
washed from the outer surface of the fiber. Since the delta-
methrin is uniformly distributed throughout the polypro-
pylene, there is a sufficient supply of the active ingredient 

in the interior of the fiber that will eventually migrate to the 
surface. Rainer Sonneck is also enthusiastic about the re-
sults: “The key aspect of these nets, which is embedding the 
insecticide in the finely woven polyprobylene fibers, was a 
major technological challenge. Bayer Technology Services 
was a key technology partner, who after the development 
also decisively helped us at Bayer CropScience to further 
advance and optimize the processes for an industrial-scale 
production.

 In the meantime Bayer CropScience has submitted its mosquito 
nets to the World Health Organization for approval. If all 
goes well, the launch could begin in 2011. So, although mil-
lions of people in areas with a high risk of malaria may still 
be surrounded by bloodsucking mosquitoes at night, they 
will now be well protected thanks to LifeNet®.

Insecticide-treated bed nets provide greater protection at night.

“Bayer Technology Services was a key partner in realizing 

this technological challenge – from the development right up to 

the preparations for industrial-scale production.” 

Dr. Rainer Sonneck, Bayer CropScience




