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The ability of a few Afro-tropical Anopheles species
to target humans as a source of blood and shelter, a
feature generally defined as anthropophily, represents
a key factor in the recent evolutionary success of these
species and in their capacity to transmit malaria.
Anthropophily presumably results from specific and
coordinated behavioural repertoires, but these have
been only superficially described and their genetic basis
is unknown. A comparative approach exploiting recent
molecular and ethological advances promises to shed
light on the genetics of anthropophily, thereby presenting novel targets for vector control.
Malaria is found throughout tropical regions, which share
problems of poverty, lack of affordable healthcare and poor
infrastructure. However, the intensity of malaria transmission is not uniform in these regions. Out of the .500
species of anopheline mosquitoes worldwide, only three
are involved in the majority of human malaria transmission: Anopheles gambiae, Anopheles arabiensis and
Anopheles funestus. The broad ranges of these three
species coincide in Africa, which carries , 90% of the
global malaria burden. The unique feature that helps
explain the intensity of transmission in Africa is the
extremely anthropophilic behaviour of the Anopheles
vectors. Key anthropophilic behaviours include preference
for humans as a bloodmeal source, oviposition in water
bodies created through anthropogenic environmental
modification, and endophily (the tendency to enter and
rest inside houses). Such extreme specialization on a
single host species, particularly humans, is rare among
mosquitoes, most of which feed mainly on mammals and
birds [1]. Until now, these anthropophilic repertoires have
been only superficially described, and we do not understand the genes and corresponding molecular mechanisms
involved in determining such behaviours. The challenge
for future research is to define the relationship between
genotype and complex phenotype. This information is
crucial. First, it will lead to the identification of candidate
genes that could serve as targets for behavioural modification of the vector, leading to reduced vector– human
contact. Second, it will enable us to understand behaviours
that might impact the successful deployment of future
control strategies such as population replacement.
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Specialization on humans at all stages of the mosquito
life cycle is, by definition, a recent evolutionary innovation.
Only since the rise of agriculture within the past 10 000
years have human populations burgeoned in association
with permanent settlements [2]. Relatively dense and
stable agricultural communities offered a reliable bloodmeal source, and novel breeding sites were created as a
result of deforestation, irrigation and excavation. The
recent emergence of anthropophily is also suggested by the
fact that An. gambiae, An. arabiensis and An. funestus
belong to groups of species whose members are very closely
related and recently diverged, yet they differ markedly in
host specialization, endophily and oviposition behaviour.
It is noteworthy that Aedes aegypti and some members of
the Culex pipiens complex are also anthropophilic species,
albeit distant mosquito relatives of Anopheles, that are
major vectors of dengue and yellow fever, or filariasis and
West Nile Virus, respectively. Forthcoming genome projects for these disease vectors will advance investigations
into the genetic basis of anthrophilic behaviours. Of the
behavioural repertoires that define anthropophily, host
preference has received the most attention.
Genes versus environment
Host preference has been defined as the genetically based
tendency to respond to particular host cues [1]. The
expression of host preference in Nature is modulated by
many variables (e.g. relative host abundance and accessibility). These confounding factors have hindered substantial progress in our understanding of the contribution
of the innate component in the process of host selection.
Traditional approaches based on the analysis of mosquito
bloodmeals or collection rates on alternative hosts [1] do
not give reliable information on host preference because
they measure the endpoint of the complex interaction
between genetic and environmental components. As such,
results from these ecological approaches are difficult to
extrapolate to differing environmental conditions. Moreover, these techniques often suffer from sampling bias to
an unknown extent. It must be recognized, however, that
they have been instrumental to the early recognition of
the wide array of blood-feeding patterns in mosquitoes.
In this respect, a case deserving special mention is the
Afro-tropical An. gambiae sibling species complex, whose
isomorphic members show an impressive diversity of
feeding patterns [3,4]. The Afro-tropical An. gambiae
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species complex is one of the most highly anthropophilic
mosquitoes known, whereas Anopheles quadriannulatus
feeds almost exclusively on animals. Anopheles arabiensis
is an opportunistic species that feeds preferentially on
humans in many parts of Africa, but can be diverted to
domestic animals as their density increases. By contrast,
An. arabiensis feeds preferentially on domestic animals
in Madagascar. The remaining species, although considered predominantly zoophilic [5,6], readily bite humans.
Signal versus noise
Laboratory attempts to study host preference have
encountered variable success [7 – 10]. Constraining factors
in the interpretation of results from such studies are the
unknown effects of laboratory colonization and maintenance of mosquito strains, and other departures from
natural conditions. Field-based experimental approaches
appear more promising, but they require appropriate tools
and care must be taken to interpret results within the
framework of each specific experimental context. Recognition of the importance of olfaction in the host-selection
process of mosquitoes has led to the development of an
experimental field set-up mimicking that of laboratory
olfactometers: mosquito responses to odours from two
hosts can be compared with paired odour-baited entry
traps (OBETs). The OBET captures mosquitoes when
preferences are first expressed in response to host odours.
Advantages of this field-based test are elimination of perturbations due to human collectors, removal of confounding visual cues, and minimization of accidental capture of
mosquitoes not responding to host cues. Standardization of
this or similar kinds of tests can make results easier to
interpret across different mosquito populations. Indeed, by
using OBET choice tests, it has been possible to compare
the host preferences of An. gambiae and An. arabiensis
across a wide geographical area, from Senegal and
Burkina Faso [11,12] to Ethiopia (T. Habtewold et al.,
unpublished) and Madagascar [13]. This is a distinct
advantage in light of increasing evidence from field studies
that blood-feeding patterns, even within the same species,
are not necessarily rigid. In An. gambiae, lower rates of
anthropophily have been detected in parts of West Africa
[14–16] and Madagascar [13]. The extent to which variation
in the proportion of human bloodmeals taken by An. gambiae
and An. arabiensis is a result of genetic differences,
environmental factors and/or the experimental design is
not yet clear. One problem is that the evidence for lower rates
of anthropophily comes from disparate geographical
locations and techniques that measure different steps in
the behavioural sequence of host seeking. The remarkably
different host preference in the An. gambiae complex, not
only between closely related species, but also within An.
gambiae sensu stricto or An. arabiensis, suggests that its
genetic underpinning is evolutionarily labile.
Nature versus nurture
The relatively loud biological ‘noise’ revealed by behavioural studies of host preference helps explain the almost
complete lack of progress at understanding its genetic
basis. The indications that do exist come from two lines of
evidence: polymorphic chromosomal inversions and
www.sciencedirect.com
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selection experiments. First, it has been shown that in
An. arabiensis, An. gambiae and An. funestus, carriers of
certain chromosomal arrangements are preferentially
associated with human habitations and therefore have
an increased probability of contact with humans [17 – 19].
More direct evidence comes from studies with An. arabiensis
[20] and An. funestus [19] that have shown significant
associations between certain karyotypes and human
blood. Second, rapid shifts in host choice in response to
divergent selection pressure were obtained from a wild
anthropophilic population of An. gambiae from Tanzania
[21]. This indicates an underlying polymorphism for host
preference and suggests that host preference in this
species is controlled by a few genes of large phenotypic
effect, or perhaps several genes protected from recombination by an inversion.
Evidence from field studies suggests that host preferences are mediated by differential responses to host odours
other than, and in combination with, carbon dioxide,
including microflora of human skin and parasite-related
olfactory cues [22]. Attractive and repellant components
of the host odour profile can induce positive and
negative responses, resulting in a complex push – pull
system [2]. Significant advances in the description of the
molecular arsenal of olfactory receptors are being made
(e.g. Refs [23– 25]). Detailed knowledge of the behavioural,
physiological and molecular aspects of mosquito olfaction
are likely to uncover important targets for novel and more
effective means of vector control, including new repellents,
and attractants useful for mass trapping or diversion to
nonhuman hosts.
An outlook for the future
Although mosquito behaviours such as host preference are
influenced by the environment, there is an underlying
genetic basis. With the appropriate choice of genetic
backgrounds and phenotypic assays, ultimately, it should
be possible to understand at the molecular and genetic
level how olfactory, visual, taste and sound cues operate to
trigger behaviours that directly or indirectly impact
vectorial capacity, for example, house entry, indoor resting,
choice of oviposition site, host finding and host preference.
Some candidate genes involved in gustatory, odorant and
visual processes are already known [23 –25]; further
candidates remain to be discovered through exploratory
approaches including quantitative trait loci (QTL) mapping, microarray studies, functional genomics (e.g. RNA
interference) and comparative genomics. Comparisons
between closely related species that differ strikingly in
anthropophilic behaviours, such as An. gambiae and
An. quadriannulatus, or between more-distantly related
species that share strongly anthropophilic tendencies,
such as An. gambiae and An. funestus, can provide powerful
aids in this discovery process. Much needed research in this
neglected area of study will help to unravel the complex
genetic basis of behaviours that contribute to vectorial
capacity, while revealing new targets for vector control.
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As the species Blastocystis hominis is thought to target
only human hosts, many new species have been proposed for isolates from nonhuman hosts. However,
recent molecular studies have revealed zoonotic potential of Blastocystis isolates from various animals. On
the basis of the phylogenetic analysis of the small-subunit ribosomal RNA genes, we show here that Blastocystis isolates from some reptiles and amphibians are
closely related to human B. hominis, further compounding the difficulties of speciation in the genus Blastocystis.
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Ever since Blastocystis hominis was first recognized in
human stool specimens, many Blastocystis-like organisms
have been found in a variety of animals, including
mammals, birds, reptiles and, rarely, insects. Although
B. hominis has been accepted as the species for isolates
from humans, all other isolates from nonhuman hosts have
been reported as either ‘B. hominis’, ‘Blastocystis sp.’ or
given another specific name as a new species. So far,
species isolated from mammals (six species), birds (five),
reptiles (four) and an amphibian (one) have been proposed
as new species based on the differences in host origins,
morphology, in vitro culture characteristics and/or
karyotype [1– 7]. However, it is now well recognized that

