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ABSTRACT

Mosquitoes and other arthropods can transmit pathogens that currently cause millions of cases of illness and
over 700,000 deaths annually. For most of these, the most efficient prevention is mosquito (or vector) control. How-
ever, only a small number of mosquito species are responsible for pathogen transmission, and different species are
important for different pathogens. Because mosquito (vector) control tends to be focused on specific species, it is
critical to ensure that the control efforts are directed at the species that are actually involved in pathogen transmis-
sion in the real world. Therefore, it is important to understand what makes a vector a vector and the various factors
that affect the ability of a potential “vector” to actually transmit a pathogen.
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Malaria, dengue, Zika, chikungunya, yel-
low fever, tick-borne encephalitis, and Lyme
disease are but a few of the diseases caused
by pathogens transmitted by mosquitoes and
other arthropods. These pathogens cause
millions of cases of disease and over 700,000
deaths each year (World Health Organiza-
tion 2021). Unfortunately, licensed vaccines
are not available for most of these diseases,
and the only method of preventing them is
to reduce, or hopefully eliminate, the vector
population. Mosquito Control Departments
(or Mosquito Control Districts) or their
equivalents have been established all over
the world in an attempt to not only reduce
pest mosquitoes, but more importantly, to
reduce the risk of transmission of pathogens
causing disease in humans and domestic ani-
mals. From here on, I may only use “mosqui-
to” to represent all potential vectors, but the
reader should remember that what I am say-
ing also applies to sand flies, ticks, and other
potential vectors.

Unfortunately, there is no simple pro-
cedure that kills all mosquitoes. Like with
a vaccine, each type of control is generally
directed at some specific species or group
of species of mosquitoes. Some controls are
directed at larvae, while others are directed

at the adults. The controls are applied to dif-
ferent habitats and at different times of day,
depending on which mosquito is the target
for that particular control. Some mosquitoes
are diurnal and are only active during the
day. Therefore, spraying at night would have
very little effect on them. Others are noctur-
nal and are only active at night, so spraying
during the day would have very little effect
on them. While still others are primarily cre-
puscular and are primarily active at dusk or
dawn, so spraying during bright sun or late
at night may have little effect on these spe-
cies. Therefore, depending on the target of
the control, pesticide application would be
applied at different times of day. Some meth-
ods are species specific. For example. release
of sterile male Ae. aegypti may be helpful con-
trolling future outbreaks of Zika, dengue,
or chikungunya, but would be worthless for
preventing West Nile. Similarly, larval habi-
tats differ by mosquito species. For example,
the procedures used to control larval Aedes
taeniorhynchus (Wiedemann) may have little
or no impact on Culex quinquefasciatus Say,
despite the fact that Altosid® was effective
against both species (Floore et al. 1991).
Similarly, adult spraying may be more etfi-
cient at controlling Aedes vexans (Meigen)
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than Culex tarsalis Coquillett, even when they
are co-located as adults (Gujral et al. 2007).
Therefore, the control procedure needs to
be directed at the species that needs to be
controlled, not at “mosquitoes” in general.

Despite there being >3,500 different
kinds of mosquitoes (Harbach 2013), only a
relatively few are pests of humans, and only
a very few are involved in pathogen transmis-
sion. Even more importantly, the mosquitoes
that transmit one pathogen may not be able
to transmit other pathogens. For example,
the primary vectors of malaria, West Nile vi-
rus (WNV), and Zika virus (ZIKV) are com-
pletely different, and the important vectors of
any of these are essentially unable to transmit
either of the other two pathogens. Various
Anopheles species are the primary vectors of
human malaria, while various Culex species
(primarily, Culex nigripalpis (Theobald), Culex
pipiens (L), Cx. quinquefasciatus, and Cx. tar-
salis) (Goddard et al. 2002; Andreadis 2012)
are the principal vectors of WNV in the U.S.
In contrast, essentially only Aedes aegypti (L.)
is important as a vector of ZIKV. Although
numerous species of mosquito in addition
to Ae. aegypti have been shown in the labora-
tory to be competent vectors of ZIKV (Azar
et al. 2017; Ciota et al. 2017; Dibernardo et
al. 2017; O’Donnell et al. 2017), these other
species are unlikely to be involved in transmit-
ting ZIKV in the real world. Because in most
parts of the world ZIKV is an anthroponotic
virus, only humans can serve as a source of
this virus for mosquitoes. Therefore, in order
to transmit ZIKV, the same individual mos-
quito needs to feed on a viremic person to
pick up the virus, and then needs to feed on
a second human sometime later to transmit
the virus. While many species readily feed
on humans, very few preferentially feed on
humans and thus it would be extremely un-
likely for a single individual mosquito to take
two separate blood meals on a human. That
is why, despite there being >5,000 reported
imported cases of Zika infection in the U.S,,
with >1,000 occurring in areas where Aedes
albopictus (Skuse) is one of the primary pest
mosquitoes (CDC 2021), no locally transmit-
ted cases were detected in any area where Ae.
aegypti were not a known pest.

Because bites from non-vector mosqui-
toes raise people’s awareness about mos-
quitoes and the need to take precautions,
merely controlling “mosquitoes” may actu-
ally have detrimental effects concerning dis-
ease suppression. As WNV spread across the
U.S. in 2003, a study found that in two areas
with similar demographics, more intensive
mosquito control was inversely related to
the amount of West Nile disease detected
(Gujral et al. 2007). This unanticipated ef-
fect was probably due to intensive control of
Ae. vexans, a severely painful and annoying
mosquito that does not transmit WNV in the
real world, but only limited control of Cx.
tarsalis, the most important vector species in
the area (Goddard et al. 2002; Turell et al.
2002). There were a lot of television, radio,
and newspaper warnings at the time to avoid
mosquitoes, apply repellants, and to protect
yourself from mosquito bites to reduce your
risk of becoming infected with this new vi-
rus. However, in areas with normal mosquito
control, there were still sufficient Ae. vexans
biting so that people were concerned and
used various methods to reduce mosquito
biting, e.g., applied repellants and wore
clothing that protected skin from mosquito
bites. This reduced the number of bites from
Cx. tarsalis, and therefore the amount of
transmission of WNV. However, in areas with
the more intensive control, Ae. vexans popu-
lations were greatly reduced. The people liv-
ing there had minimal detectable mosquito
bites and were thus not as concerned about
the need to protect themselves from mosqui-
toes. Because of this, there were many more
bites from Cx. tarsalis, and thus many more
cases of disease caused by WNV.

So, what makes a vector a vector, or more
importantly, what makes a vector an impor-
tant vector in a particular area? The mere
isolation of a virus from a mosquito does not
mean that the species is a vector of that vi-
rus. If the mosquito had recently fed on a
viremic host, the mosquito would contain
both infectious virus as well as viral RNA,
even if that species was unable to become
infected with or to transmit that virus. That
is why mosquito species need to be tested to
determine if they are competent vectors of
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a particular pathogen. Obviously, if the spe-
cies is not a competent vector, i.e., is unable
to become infected or to transmit virus after
oral exposure to the virus, then that species
is not likely to be an important vector. How-
ever, different geographic populations of a
mosquito species can differ significantly in
their vector competence for a particular vi-
rus. For example, Ae. vexans from the south-
eastern U.S. are moderately efficient vectors
of Rift Valley fever virus (RVFV) (Turell et
al. 2013), while those from the northwest-
ern U.S. or southern Canada are virtually
incompetent (Turell et al. 2010, Iranpour
etal. 2011). Because Ae. vexans readily feeds
on large mammals, it might be an impor-
tant vector in the southeastern U.S., but
would be much less important in the north-
western U.S. There are numerous other
examples where geographic populations
differ greatly in their vector competence
for a variety of viruses including chikungu-
nya virus (CHIKV) and Ae. albopictus (Tesh
et al. 1976), dengue virus (DENV) and Ae.
aegypti (Ye et al. 2014), and western equine
encephalitis virus and Cx. tarsalis (Hardy et
al. 1976). Therefore, not only is the vector
competence of a potential vector species
important, but the competence of the lo-
cal population of that species is important.
However, just because a particular species
is competent in the laboratory may not be
sufficient. For nearly all outbreaks of chikun-
gunya, Ae. aegypti has been the most impor-
tant vector. Although the A226V amino acid
substitution in the E1 envelope glycoprotein
that enhances the ability of Ae. albopictus to
transmit CHIKV has been cited as the reason
for the 2005-2007 outbreaks of chikungunya
that were driven by Ae. albopictus (Tsetsarkin
et al. 2007, Riccardo et al. 2019), this mu-
tation developed well into the outbreak. It
is more likely that an outbreak involving Ae.
albopictus selected for a strain of virus even
more efficiently transmitted by this species
than that the mutation allowed Ae. albopictus
to serve as the vector. It is possible that in
areas where Ae. albopictus has served as a sig-
nificant vector, other possible blood sources,
particularly dogs, may not have been pres-
ent in sufficient numbers to inhibit feeding
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on humans. A previous study showed that
Ae. albopictus was already a highly competent
vector of CHIKV, even without the A226V
mutation. When numerous geographic pop-
ulations of both Ae. aegypti and Ae. albopictus
were allowed to feed concurrently on the
same viremic monkey, every one of the 10
geographic strains of Ae. albopictus was more
susceptible than any of the seven strains of
Ae. aegypti (Turell et al. 1992). Why then is
Ae. aegypti, which in the laboratory is a less
efficient transmitter of CHIKV than Ae. al-
bopictus, normally a more important vector
of CHIKV? Remember, CHIKV is an anthro-
ponotic pathogen, and as such, the vector
needs to feed twice on a human in order to
be able to transmit CHIKV. It is well known
that most populations of Ae. aegypti preferen-
tially feed on humans (Scott et al. 1993), but
Ae. albopictus tend to be more opportunistic
feeders (Richards et al. 2006). In addition,
while most mosquito species tend to obtain
nourishment from nectar after a blood meal,
Ae. aegypti tend to take multiple blood meals
on humans during each gonotrophic cycle,
thus greatly increasing its contact with hu-
mans and its ability to become infected and
then transmit an anthroponotic virus (Scott
et al. 1997; Costero et al. 1998). Taking of
multiple blood meals per gonotrophic cycle
further enhances vector competence as the
stretching of the midgut due to ingestion of
blood appears to enhance the development
of a disseminated infection (Armstrong et al.
2020).

For most arboviruses, feeding preference
of the potential vector is critical. Mosquitoes
that preferentially feed on birds would be
very poor vectors of CHIKV, DENV, or RVFV,
as these are all viruses that affect and repli-
cate in mammals. Similarly, mosquitoes that
preferentially feed on mammals would be
poor maintenance vectors of WNV, eastern
equine encephalitis virus or western equine
encephalitis virus as even though these vi-
ruses produce disease in various mammals,
they do not produce a sufficient viremia in
mammals to infect a mosquito. However,
mosquitoes that feed on both mammals and
birds are dangerous as they can serve as a
bridge vector, picking the virus up from an
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infected bird and transmitting it to a suscep-
tible mammal. Even if a particular species is
highly competent and feeds on the appro-
priate host, if it is present in low numbers,
then it would not likely be important. To be
important, the potential vector needs to be
competent, feed on the appropriate verte-
brate hosts, and occur in sufficiently high
numbers to serve as a vector.

When controlling mosquitoes or other
vectors for disease suppression, it is impor-
tant to know what the potential vectors are
in the area. Which species have been shown
to be able to transmit the pathogen? Which
species feed on the appropriate host? Which
species are occurring (or are predicted to
occur by environmental predictors, e.g.,
tides, rainfall, etc.) in sufficient numbers to
be a problem? Once these potential vectors
have been identified, they should be priori-
tized for control based on how likely they
are to play a role in pathogen transmission.
Remember, killing the wrong mosquito may
actually make the disease situation worse.
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