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Introduction
This publication outlines how the bacterium Wolbachia 
pipientis is used as a tool to control mosquito populations 
and reduce the spread of mosquito-borne disease. Its 
intended audience is the general public, mosquito control 
professionals, and others interested in mosquitoes and 
mosquito control. Biting mosquitoes transmit many 
pathogens that cause deadly diseases in people, our pets, 
and our livestock. This includes diseases like malaria, which 
is caused by Plasmodium parasites (a genus of single-celled 
parasitic organisms), viral diseases like dengue and West 
Nile fever, and diseases like filariasis, which is caused by 
parasitic worms.

Mosquito-borne diseases result in millions of infections 
and hundreds of thousands of deaths every year. Effective 
vaccines for most of these diseases have not been developed 
or are not currently available to the general public. Ac-
cordingly, disease management is focused on controlling 
mosquito populations, most commonly by treatment with 
chemical insecticides. However, overreliance on these 
chemicals over the past fifty years has reduced their effec-
tiveness, and mosquito populations around the world have 
developed resistance. This has driven scientists to explore 

new options for controlling mosquitoes, including using the 
bacterium Wolbachia pipientis.

What are Wolbachia?
Wolbachia are gram-negative bacteria (a group of bacteria 
with a thin cellular wall) from class Alphaproteobacteria. 
They are commonly found in insects in nature as they need 
to live inside the cells of an invertebrate animal host in 
order to survive (Figure 1). It is estimated that 40–60% of 
all terrestrial insects naturally carry Wolbachia, including 
many fruit flies, beetles, and moths. Wolbachia is also 
common in non-insect invertebrates like spiders, scorpions, 
and nematode worms. Wolbachia are not capable of infect-
ing vertebrates, including people, mammals, birds, fish, 
amphibians, or reptiles.

Wolbachia spread from mother to offspring, and they 
often modify their host’s biology to promote maternal 
transmission. For example, Wolbachia cause a reproductive 
manipulation known as cytoplasmic incompatibility, which 
is common in Wolbachia-carrying mosquitoes and other 
insects (Figure 2). Cytoplasmic incompatibility occurs 
when Wolbachia-carrying males mate with Wolbachia-free 
females and the result of these pairings is that the eggs 
produced do not hatch. In contrast, Wolbachia-carrying 
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female insects are capable of producing live larvae after 
mating with either Wolbachia-carrying or Wolbachia-free 
males. This provides a comparative advantage to Wolbachia-
carrying insects, as their offspring make up a larger part 
of the next generation. Cytoplasmic incompatibility helps 
to promote the spread of Wolbachia within insect popula-
tions over time and is a major reason why Wolbachia is so 
commonplace in nature.

Why are Wolbachia-carrying 
mosquitoes important to control 
of mosquitoes and mosquito-
borne disease?
Wolbachia are naturally found in some mosquito species, 
including Culex pipiens (the common house mosquito) and 
Aedes albopictus (the tiger mosquito). However, Wolbachia 
is not naturally found in other important mosquito species 
such as Aedes aegypti (the yellow fever mosquito), which 
transmits dengue, chikungunya, yellow fever and Zika 
viruses, and Anopheles mosquito species, which spread 
malaria-causing Plasmodium parasites. Researchers 
have observed that natural Wolbachia infections protect 
Drosophila fruit flies from virus-induced mortality. To 
see if virus blocking effects occurred in mosquito species 
that transmit human pathogens, researchers generated 
Wolbachia infections in Aedes aegypti, through a process 
known as transinfection. They isolated Wolbachia from one 
host insect and injected it into newly laid mosquito eggs 
to produce Ae. aegypti mosquito colonies that persistently 
carry Wolbachia.

When Wolbachia-carrying Ae. aegypti mosquitoes were 
exposed to viruses in the laboratory, researchers observed 
that Wolbachia made them less likely to become infected. 
Their cells and tissues were less hospitable for pathogen 
infection, and they were less likely have pathogens detected 
in their saliva or to transmit the pathogen when they bit a 
human. In Wolbachia-transinfected Ae. aegypti, blocking 
has been observed to be effective against many pathogens, 
including dengue and Zika viruses. In transinfected 
Anopheles stephensi, Wolbachia blocks the human malarial 
parasite Plasmodium falciparum. The way that Wolbachia 
blocks these pathogen infections is not fully understood, 
but researchers believe it is linked to changes that Wolba-
chia makes to mosquito immunity, metabolism, and host 
cellular components used to produce RNA and proteins, 
which are commonly exploited by pathogens when they 
infect mosquitoes. The fact that Wolbachia infections in 
mosquitoes cause pathogen blocking and/or cytoplasmic 
incompatibility has been exploited to control mosquito 
populations through two different techniques known as 
population suppression and population replacement.

Figure 1. Image of Wolbachia in an insect cell. Arrows indicate the 
position of three Wolbachia living inside the cell of a moth, captured 
by transmission electron microscopy.
Credits: Dr. Scott L. O’Neill and published in the journal PLoS Biology. It 
is used here under a creative commons attribution 2.5 generic license. 
The three black arrows were added by the authors.

Figure 2. How cytoplasmic incompatibility works. This figure 
describesthe status of mosquito offspring that result from different 
mating combinations when male and/or female mosquitoes carry 
Wolbachia. When male and female mosquitoes that are both free 
of Wolbachia mate, their offspring are also free of Wolbachia. When 
Wolbachia-infected male mosquitoes mate with Wolbachia-free 
females, cytoplasmic incompatibility occurs; their eggs don’t hatch; 
and no viable offspring are produced. Wolbachia-infected female 
mosquitoes produce viable offspring that carry Wolbachia after they 
mate with males that either carry Wolbachia or are free of Wolbachia. 
This reproductive advantage can help Wolbachia spread in mosquito 
populations.
Credits: E. P. Caragata, UF/IFAS
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How can Wolbachia be used to 
suppress mosquito populations?
Population suppression aims to reduce the size of a target 
mosquito population, which will result in people experienc-
ing fewer mosquito bites and, thus, fewer infections. This 
approach relies on cytoplasmic incompatibility to “crash,” 
or suppress a target mosquito population, and involves 
the release of large numbers of Wolbachia-carrying male 
mosquitoes into nature (Figure 3). Because male mosqui-
toes do not bite, the public may view this approach favor-
ably. Before they are released, male pupae or adults must be 
separated from females. Researchers must take care not to 
include female mosquitoes in their releases. Only the males 
are required to induce cytoplasmic incompatibility. Ac-
cidentally releasing a large number of Wolbachia-infected 
females could lead to Wolbachia becoming established at 
the release site, which would reduce the level of suppression 
possible in future releases.

Released males mate with wild, Wolbachia-free female 
mosquitoes, and because of cytoplasmic incompatibility, the 
eggs laid by those female mosquitoes do not hatch. Because 
female mosquitoes typically mate with only one male 
mosquito in their lives, these females will never produce 
living offspring. Releasing very large numbers of male, 
Wolbachia-carrying mosquitoes can help them outcompete 
wild males. If releases continue for a sufficient period of 
time, they can lead to drastic decreases in the number of 
mosquitoes in an area, because the eggs of any Wolbachia-
free female mosquito that mates with a Wolbachia-carrying 
male will not hatch. However, if suppression is not 
complete, or if mosquitoes enter from surrounding areas, 
new releases may be needed to keep mosquito numbers 
low. Ongoing financial costs associated with monitoring 
mosquito numbers and performing additional releases 
may be necessary to achieve persistent control of mosquito 
populations.

Population suppression with Wolbachia has already been 
tested against populations of Ae. aegypti and Ae. albopictus 
mosquitoes in several countries, including China, Singa-
pore, and the United States. A large-scale project in Singa-
pore, called Project Wolbachia, released millions of male 
Ae. aegypti mosquitoes into an area of more than 300,000 
households. They observed in excess of 90% suppression 
of mosquito populations and a 65–80% decrease in dengue 
cases. Another large-scale project in China targeting Ae. 
albopictus released tens of millions of males, which caused 
a 94% decrease in local mosquito numbers. As of 2024, re-
leases in the United States have been relatively small in scale 
and designed not to suppress populations over large areas 

of the country but rather as proof of concept, to show that 
this control strategy is safe and can be successful. Example 
releases in Fresno, California, and in Miami, Florida, have 
been promising, resulting in mosquito population suppres-
sion of 95% and 78%, respectively.

Population suppression using Wolbachia can quickly 
reduce the size of local mosquito populations and can be an 
effective way of preventing cases of human disease. It can be 
used together with other types of mosquito control, reduc-
ing the need to use chemical insecticides. And the approach 
is unlikely to harm beneficial insects, including pollinators. 
These benefits, combined with the fact that released male 
mosquitoes are incapable of producing progeny with wild 
female mosquitoes, make this approach comparatively 
ecologically friendly. Given the many strengths of this 
method, we are likely to see widespread adoption of the 
use of Wolbachia to suppress mosquito populations in the 
coming decade.

How can Wolbachia be used to 
replace mosquito populations?
The second form of mosquito control involving Wolbachia 
seeks to replace wild, disease-spreading mosquito popula-
tions with those that carry Wolbachia. The ultimate goal is 
to use Wolbachia to makea target mosquito population less 
likely to spread key pathogens such as dengue, chikungu-
nya, and Zika (Figure 4). Accordingly, this approach relies 
on selecting Wolbachia that are good at stopping pathogens 
from infecting mosquitoes. It also depends on using 
cytoplasmic incompatibility to spread Wolbachia into the 
target mosquito population.

Unlike the population suppression approach, which only 
involves releases of male mosquitoes, population replace-
ment involves releases of both male and female mosquitoes. 
Released males cause cytoplasmic incompatibility, which 
helps to reduce the size of the local mosquito population. 
Released females lay many Wolbachia-carrying eggs, which-
helps to establish Wolbachia in the area. As time passes and 
releases continue, the percentage of the population that 
harbors Wolbachia will grow large enough for the bacteria 
to remain stable. At this point releases can be stopped, 
and if Wolbachia remains well established in the area, it 
may never be necessary to release mosquitoes again. For 
instance, Wolbachia infections of Aedes aegypti populations 
in North Queensland, Australia, have been stable for more 
than a decade.
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Figure 4. Mosquito population replacement using Wolbachia. This figure summarizes how Wolbachia can be used to replace mosquito 
populations. (A) A target mosquito population is selected, likely in an area with a high level of mosquito-borne disease. (B) Large numbers 
of male and female Wolbachia-carryingmosquitoes from the same species as the target mosquito population are released into the area. (C) 
Because of cytoplasmic incompatibility, releasing male Wolbachia-carrying mosquitoes reduces the number of Wolbachia-free mosquito larvae 
in subsequent generations. Meanwhile, releasing female Wolbachia-carrying mosquitoes helps to spread Wolbachia in the target population. At 
this point, a small proportion of the target mosquito population carries Wolbachia. (D) Over time, as mosquito releases continue, the number of 
Wolbachia-carrying mosquitoes in the population increases greatly and Wolbachia becomes stably established in the population without the 
need for further mosquito releases. Because of Wolbachia’s pathogen-blocking effects, these mosquito populations are now “immunized” against 
infections that can cause human disease. The disease-spreading mosquito population has now been replaced by a Wolbachia-carrying, disease-
resistant mosquito population.
Credits: E. P. Caragata, UF/IFAS

Figure 3. Mosquito population suppression using Wolbachia. This figure summarizes how Wolbachia-carrying mosquitoes are used to suppress 
mosquito populations. (A) A target mosquito population is selected, likely in an area with a high level of mosquito-borne disease. (B) Large 
numbers of Wolbachia-carrying male mosquitoes from the same mosquito species are released into the area. These releases continue for weeks 
or months. (C) The released, Wolbachia-carrying males mate with Wolbachia-free females from the target population. This causes cytoplasmic 
incompatibility, and, over time, the size of the target population decreases as few mosquito larvae are produced.  
(D) If releases of Wolbachia-carrying males continue, then the size of the target population may continue to fall and may even get close to zero. 
In this way, Wolbachia can be used to suppress mosquito populations.
Credits: E. P. Caragata, UF/IFAS
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Population replacement programs involving Wolbachia 
have been used for many years in countries such as Austra-
lia, Brazil, Indonesia, and Vietnam by the World Mosquito 
Program, and in Malaysia by the Wolbachia Malaysia Proj-
ect. In these projects, the target mosquito species has been 
Aedes aegypti. Their results have been highly consistent 
and show that releasing mosquitoes for only a few weeks 
or months will result in Wolbachia becoming established 
in the target mosquito populations. Many of these projects 
have also seen decreases in arboviral infections in human 
communities in release areas.

For example, in Rio de Janeiro, Brazil, releases through 
2021 involved 91 million mosquitoes in an area inhabited 
by 1.25 million people and resulted in a 60% drop in den-
gue and chikungunya infections in the area. In Yogyakarta, 
Indonesia, 1.75 million Wolbachia-carrying mosquito eggs 
were released. This resulted in very high levels of Wolbachia 
in mosquitoes across the release area and a 73% reduction 
in dengue cases. In Kuala Lumpur, Malaysia, releasing 71 
thousand mosquitoes across nearly ten thousand house-
holds caused Wolbachia to become established in 98% of 
mosquitoes and reduced dengue cases by more than 40%.

Because the population replacement approach involves the 
establishment of Wolbachia in nature over the long term, 
it is important for researchers to evaluate any potential 
long-term impacts to people and the environment that 
result from Wolbachia-carrying mosquitoes. Although 
Wolbachia is very common in nature, it is not normally 
found in Ae. aegypti mosquitoes. As time passes, the way 
that Wolbachia affects its new mosquito host, or the viruses 
that come to infect that host might change in unexpected 
ways. Because of this, scientists must regularly demonstrate 
that the released Wolbachia-carrying mosquitoes are still 
capable of blocking the target viral infections, or new 
mosquito-borne pathogens that might emerge in the 
area. Fortunately, studies have shown that the amount of 
Wolbachia in mosquitoes, and their ability to block viruses 
were unchanged, even after years spent in nature, but this 
sustained success does not eliminate the need to monitor 
mosquito populations after releases stop.

Before the first population replacement experiments, 
scientists conducted studies to determine the risk of 
Wolbachia to the food chain. They observed no evidence 
that predators that normally eat mosquitoes, like spiders 
and small fish, can become infected with Wolbachia after 
they eat a Wolbachia-carrying mosquito. It is also important 
to build and maintain effective methods of communica-
tion with local stakeholders in order to demonstrate the 
necessity and benefits of new types of mosquito control 

programs. For pathogen replacement programs, this com-
munity engagement is particularly important, because these 
programs involve releases of female mosquitoes, which will 
bite people in the release area, even if carrying Wolbachia 
means there is no clear risk of them spreading pathogens.

Future Prospects of Wolbachia-
Based Mosquito Control
Both population suppression and replacement approaches 
have been very successful in achieving their goals: reducing 
mosquito population sizes for suppression and spreading 
Wolbachia into mosquito populations for replacement. 
Both approaches have also been linked to decreased disease 
incidence, a sign of the direct benefits of these strategies to 
public health. Accordingly, they are both becoming more 
commonly used around the world and the expectation is 
that this will likely continue in the future with new projects 
beginning in more countries. Neither approach is inher-
ently better than the other. Each does what it does well, 
but there will be circumstances where one approach might 
be more suitable than the other, and that is a decision that 
should be left to local stakeholders. In a world where cases 
of mosquito-borne disease are increasing, it is important to 
have a variety of different mosquito control options avail-
able to decision makers as this will allow them to pick the 
most appropriate approach for their situation.
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