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Current research on the patterns and processes
underpinning host specificity in parasites goes well
beyond field observations. Molecular studies are used
increasingly on a range of parasite taxa to uncover levels
of specificity not recognized previously. By contrast, the
widespread use of experimental infections indicates that
new host–parasite combinations are achieved easily in
the laboratory, suggesting that parasites are less specific
than they often appear. However, molecular and experimental studies of host specificity must be interpreted
with caution: the usefulness of molecular studies is
sometimes overstated, whereas experiments are often
performed in an unnatural context. Here, the prospects
offered by both approaches, as well as their limitations,
are highlighted.
Host specificity: a defining feature of parasites
Host specificity is arguably one of the most fundamental
properties of parasitic organisms. In simple terms, host
specificity is inversely proportional to the number of host
species that can be used by a parasite at a given stage in its
life cycle. The range of hosts that can be used is constrained
at a proximate level by both ecological and physiological
factors and is determined ultimately by the evolutionary
and biogeographical history of a parasite and its potential
hosts [1]. Parasites that are highly host-specific occur in a
single host species and their fate is linked closely to that of
the host. By contrast, generalist parasites can persist following host extinction by continuing to exploit alternative
hosts. Therefore, host specificity is a key determinant of the
probability of parasite extinction [2]. Host specificity also
reflects the ability of a parasite to colonize new host species
when the opportunity arises. Not surprisingly, there is a
tight association between the host specificity of parasites
and their likelihood of ‘jumping’ to a novel host and initiating
an emerging infectious disease [3–5]. Host specificity is thus
clearly of central importance to parasites and of general
interest to parasitologists. The many recent studies
reviewed here challenge our understanding of host specificity: on the one hand, they reveal a degree of host specificity
not detected previously in natural systems and, on the other
hand, they demonstrate experimentally that specificity can
break down easily under the right conditions. The prospects
offered by molecular and experimental methods are highlighted here, and the inherent limitations of both
approaches are considered with a critical eye.
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Patterns of parasite specialization
Traditionally, host specificity has been quantified simply
as the host range, that is, the list of host species actually
used by a parasite in Nature. Although insufficient host
sampling can create biases, this approach generally tells
us that most parasites are highly host specific. Within
many parasite taxa, the majority of species infect only one
or sometimes a few host species, whereas only few parasite
species are generalists that can exploit many host species.
This pattern, although common (see illustrative examples
in Figure 1), is far from universal. Different parasite taxa
show different levels of host specificity, often apparently
because of their mode of transmission. For instance,
among parasites of primates, contact-transmitted parasites are restricted typically to fewer host species than are
parasites that use intermediate hosts and that are
acquired by ingestion [6]. Yet, even in parasite taxa with
excellent mobility and dispersal, host specificity is often
remarkably high [7]. Among parasites with the same mode
of transmission, the extent to which several phylogenetically or ecologically similar host species are available
within the same microhabitat can also cause variation
in host specificity among parasite species [8]. Nevertheless, the general pattern remains: most parasite species
co-evolve in association with only a few and often only one
host species.
This generalization is based strictly on the number of
host species used by parasites in Nature. The recent
interest in host specificity has seen the development of
many new, more sophisticated indices that measure
specificity more accurately [9–12]. These indices take
into account evolutionary and ecological differences
among the host species used by a parasite. The phylogenetic relationships among hosts matter: obviously, a
parasite infecting four host species belonging to the same
genus can be said to be more specific than another parasite infecting four host species belonging to different
families, even though they both exploit the same number
of hosts. Similarly, the relative abundance of the parasite
on its different hosts also matters: a parasite whose
population is concentrated almost entirely on one of its
four host species is more specific than another parasite
spread among its four hosts more evenly. Only a few
studies to date have used these new indices [13–15],
enabling more subtle patterns to be detected. However,
the most revealing new light cast on the study of host
specificity comes from a series of recent molecular and
experimental investigations.
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Figure 1. Frequency distribution of host specificity. The number of host species used by a parasite among all valid species of chewing lice worldwide that are parasitising
rodents is shown separately for the suborders (a) Amblycera and (b) Ischnocera (data from Ref. [51]) and for (c) cestodes and (d) trematodes that are parasitising the birds of
Azerbaidzhan (data from Ref. [52]).

Host specificity under molecular scrutiny
In any field survey, parasite identification used to be based
almost exclusively on morphological characters. Over the
past decade, molecular tools have been applied widely in
parasitological studies, and it is now routine to use DNA
sequences to identify parasites and achieve a higher level
of discrimination among morphologically similar species.
In the context of host specificity, genetic studies have
generated new insights on several fronts. Numerous
genetic investigations have revealed complexes of cryptic
species in many taxa of parasites [16]. When morphology
suggests the presence of one parasite species infecting
several hosts, genetic data reveal multiple distinct parasite species showing high host specificity [17–22]. Thus,
morphologically identical species designated under one
species name formerly are turning out to consist of several
different isolated gene pools (Figure 2a). The opposite is
also observed frequently, that is, molecular data sometimes confirm that certain parasite taxa are true generalists [23–25]. One fascinating example is the identification
of sexually dimorphic male and female strepsipteran insect
parasites of the family Myrmecolacidae (each gender is
specific to a distinct host species: males infect ants
and females infect crickets) as conspecifics after almost

a century had elapsed without the identification of a female
[26]. In addition, multiple cryptic parasite species have
also been identified within single host species by molecular
analyses [27]. Nevertheless, the general message from
most recent molecular studies is that, in many cases, we
have underestimated previously the levels of host specificity shown by parasites in Nature: many generalist
species were in fact sets of highly host-specific species that
we failed to distinguish [17–22].
An additional use of molecular tools to study host specificity focuses on the mechanisms responsible for enforcing
specificity. For instance, genetic data can be used to pinpoint the moment at which specificity is manifested in the
infection process (Figure 2b). Specificity can result from
mechanisms acting before infection per se, by preventing
contact between the parasite and unsuitable hosts, or it
can result simply from the death of the parasite after
infection of an unsuitable host [28]. For example, genesequence data have confirmed that adult specimens of the
tetraphyllidean cestode Echeneibothrium vernetae occur in
only one of the two species of skates in which immature
worms were found [29]. In this case, specificity results from
the failure of the parasite to establish and develop in
alternative hosts and not from a failure to reach these
25
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Figure 2. Host specificity revealed by genetic data. In (a), what appears based on
morphological identification as a single parasite species (colored circles) found in
different host species (different geometric shapes), often turns out to consist of
different genetic entities, each specific to one or only a few host species, after the
comparison of DNA sequences. The situation in (b) illustrates that genetic data can
also be used to identify juvenile parasite stages arrived recently in a definitive host
that often cannot be distinguished based on morphology (small circles enclosing a
question mark). In the example shown, this approach demonstrates that a parasite
can occur in a host species at the juvenile stage even if adult parasites are never
found in that host (oval host); molecular data can thus pinpoint the time (i.e. postinfection) at which host specificity is manifested.
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found normally on a different (but related) host; if both host
species harbor a specific parasite species, then a fully
reciprocal transfer becomes possible experimentally [32–
35]. A more comprehensive approach involves exposing a
parasite to host species that are progressively more phylogenetically distant from the original host, that differ
progressively more from the original host with respect to
ecological features or that come from increasingly more
distant geographical regions [36–39] (Figure 3). By comparing the performance of the parasite on these novel
hosts, it is possible to assess what proximate mechanisms
serve to maintain host specificity in Nature. Some studies
indicate that host preferences by the parasite are important [40–43], whereas others point to the specific nature of
host defenses [39,41]. Taken as a whole, these recent
studies reveal the real potential of parasites to infect novel
host species and they show that host specificity can break
down when new hosts and parasites are brought together.
These new findings [32–43] have important implications.
Under experimental conditions, parasites chosen as biological control agents against a particular host species, in
part because of their high host specificity, can infect nontarget hosts [44]. Similarly, the monogenean Gyrodactylus
turnbulli, assumed previously to be specific strictly to
guppies, Poecilia reticulata, survives and reproduces on
many other species in the aquarium fish trade, some not
related closely to guppies [45]. No doubt these results are of
concern to pest managers [46] and those in the ornamental
fish industry. Experimental studies of host specificity
can tell us which host switches will be possible, or even

hosts. Because immature cestodes, as well as many other
larval parasites, cannot often be identified to a particular
species based on morphology, information of this kind is
available only by using molecular tools.
Experimenting with host specificity
In Nature, certain host–parasite combinations seem
possible, at least in principle, because both species co-occur
in the same physical habitat; if they are not realized, it is
assumed generally to result from ecological or physiological incompatibilities [28]. Other host–parasite combinations appear impossible because host and parasite
never co-occur in the same habitat and thus never encounter each other. Species introductions can provide a kind of
natural experiment, whereby an invading host or parasite
is faced with novel interaction partners, sometimes leading
to successful infection [30,31]. Only in the laboratory,
however, is it possible to create novel combinations by
bringing selected hosts and parasites together, to determine what exactly prevents infection from occurring in
Nature.
In its simplest form, the experimental study of host
specificity consists in exposing a host species to a parasite
26

Figure 3. Experimental approach to the study of host specificity. Each square
represents a host species, with their phylogenetic relationships illustrated by the
tree joining them. An apparently host-specific parasite (red circle) that occurs
naturally in a single host species is ‘transferred’ under controlled conditions to
progressively more phylogenetically distant host species. The distance between
the novel host species exposed to infection and the original host can be expressed
in terms of ecology or geography, rather than phylogeny.
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probable, in the aftermath of climate change, when
modified geographical distributions will bring parasites
into contact with new host species.
Experimental studies of host specificity can also shed
light on evolutionary processes. Recent phylogenetic studies indicate that, on a macroevolutionary timescale (104–
106 years), host specificity does not evolve irreversibly in
one particular direction, that is, generalist ancestors do not
produce more specialized descendants invariably [47,48].
The operation of natural selection on host specificity can be
investigated on shorter timescales (<10 years) using crossgenerational experiments. For example, by maintaining
each of two or more parasite strains on different host
species for several generations, one can determine whether
the enforced single-host environment will select for specialization on that host, as well as measure the speed at which
this happens [49]. The experimental approach has therefore much to offer to the study of host specificity.
Words of caution
Molecular studies indicate generally that host specificity
was underestimated previously because of our inability to
discriminate among closely related and morphologically
similar species of parasites. By contrast, experimental
studies have revealed that parasites can often infect many
more hosts successfully than is seen in Nature. Entomologists have come to the same conclusion following insectrearing experiments: many herbivorous insects, thought
previously to be specific to a particular plant, can feed and
develop successfully on other plants, prompting downward
revisions of earlier estimates of insect biodiversity in tropical forests [50]. So, what do these recent results mean for
parasitologists?
Although they are certainly powerful, we must be cautious not to overstate the usefulness of molecular methods
versus morphological analyses. The term ‘cryptic species’
could become overused easily in the literature by geneticists who are not taxonomic experts. Thorough morphological studies carried out with care can often achieve
similar levels of discrimination as genetic studies and
are essential for the correct classification of species (which
is necessary for investigations of host specificity above the
parasite species level). Indeed, morphological differences
among ‘cryptic’ species are often detected after the species
are separated based on molecular evidence [22]. Gene
sequences should not be seen as a panacea for imprecise
morphological measurements or a lack of qualified taxonomists. Nevertheless, although morphological species
descriptions remain essential, estimates of host specificity
based solely on the morphological identification of parasites are fast losing their appeal and the specificity of most
parasite taxa will need to be reassessed based on both
morphological and genetic data.
The experimental approach promises much but it too
must be used with caution. This is true in the literal sense
because the accidental release of novel host–parasite combinations into the wild is always a risk in such studies.
Caution is also necessary for interpreting experimental
results: new host–parasite combinations created in a
laboratory environment might mean little in Nature. They
are created outside a real ecological context. In Nature, for
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instance, other parasite species might exclude the parasite
from exploiting the novel host; the possibility of interspecific exclusion can also be studied in the laboratory
but is too often overlooked. In addition, when parasites
encounter and occasionally infect novel hosts in Nature,
natural selection might intervene and curtail any new
association. Given sufficient time and genetic variation,
the host could evolve the ability to avoid or resist infection
if it proved detrimental; otherwise, the parasite could
evolve mechanisms to avoid contact with the host if development in this host yields lower fitness than in the
original host. Most host–parasite combinations existing
in Nature have passed through these co-evolutionary processes successfully. By contrast, novel combinations of
hosts and parasites created in the laboratory have no prior
evolutionary history and experimental studies rarely
examine the long-term maintenance of a novel host–parasite combination across several generations. How should
one interpret the failure of a parasite to infect a new host
species under experimental conditions? There exists
genetic variance within a parasite species; surely there
must be pioneer genotypes capable of making the jump to
infect a new host and many other genotypes not capable of
this. Experimental studies cannot capture all the existing
genetic variation and its importance for the capture of new
host species. Similar to the use of molecular tools, the
experimental approach is a promising avenue for the study
of host specificity, as long as its users remain aware of its
limitations.
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