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Parasites: where, why and whence?
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As biologists, and specifically parasitologists, we are
fortunate to live in an age of complementarity,
collaboration and integration alongside competition.
No longer do biologists stand at either end of the
continuum of analytical scales, from the molecular to
the ecological, glowering at each other and arguing
for the relative merits of one over the other, as was
common for many decades after the dawn of
molecular biology (Judson, 1996). Our lucky stu-
dents have inherited a discipline in which the tools of
molecular analysis are regularly used to answer
questions on complex organisational and global
spatial scales, taking this significant advance for
granted without knowing anything different. At the
same time, new analytical tools developed principally
by ecologists are available to help reconstruct and
explain the evolutionary information carried by
genetic data.
Such exercises have an extra urgency when applied

to parasites (which I use here to include pathogens)
whose distributions have obvious public health
implications. However sophisticated any novel con-
trol device may be, deciding where it should be
deployed with maximum efficacy and efficiency
depends on knowing the parasites’ distributions and
prevalence levels (i.e. the relative need for interven-
tion) and the relative fragility of their transmission
systems (i.e. the likely ease of control). Not only do
these two indicators for effective intervention rarely
coincide, they are also not static. As the papers in this
special issue make clear, we humans are commonly
the architects, as well as the victims, of dynamic
changes in parasite distributions. All the more
reason for parasitologists to develop improved
tools to monitor, describe, explain, predict and
thereby control the ever-changing threat of infectious
diseases.
We start with one of the modern drivers of

epidemiology, the aeroplane as a principal means
of parasite movement, allowing more or less instan-
taneous dispersal over vast distances (Tatem et al.
2012). Given the speed and distance of such

transport, it is essential that new epidemiological
phenomena are monitored and co-ordinated in real
time, no matter how remote the events, for which
modern electronic communication tools are ideal, but
only if the emergent signals are subject to careful
quality control and interpretation (Chunara et al.
2012; Madder et al. 2012). Notwithstanding ever-
improving and increasingly ubiquitous electronic
wizardry, its presence depends on human presence,
which is not the case for all pathogens that have the
potential to become zoonotic, or even eventually
human-transmitted, if the distributions of wildlife
and humans change and start to intersect.
Where should we look to be on guard against

emergent diseases? Over the past two decades,
predictive risk mapping has emerged as a powerful
tool, empowered by the parallel growth of infor-
mation on the environment available at appropriate
spatial and temporal scales from satellite imagery.
The primary aim may be simply to provide blue-
prints to help direct surveillance and control pro-
grammes, but the best analyses can yield the
additional bonus of a deeper understanding of why
organisms are found where they are. This can be
deduced from identifying the precise predictors of
each distribution, and relating them to the under-
lying biology of transmission. It is easy to produce
descriptive maps using off-the-shelf software, but
very much more demanding to handle spatially-
explicit data appropriately to achieve accurate and
meaningful predictive maps, filling in the gaps in
our knowledge. Spatial auto-correlations and cross-
correlations may be exploited to improve these
predictions using kriging techniques derived from
the discipline of mining research, although such
approaches are not designed to identify biologically
important driving variables (Rogers and Sedda,
2012). Interestingly, Rogers and Sedda emphasize
that, in contrast to other statistical methods (Rogers,
2006), the techniques of kriging and co-kriging,
although increasingly widely used by biologists,
cannot in fact throw light on the biological processes,
i.e. the why and whence of species distributions, but
only on the where, which is, after all, the principal
interest of mineral exploration and exploitation.
Nevertheless, geo-statistical techniques can be devel-
oped within a Bayesian framework to allow us to
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answer interesting biological questions by extracting
the maximum amount of useful information from
commonly limited data sets comprising continuous
spatial variation or discrete spatial variation or spatial
point processes (Pullan et al. 2012). Whilst extrinsic
environmental correlates of distributional patterns
may be captured by these spatial methods, additional
effects operating within host populations, especially
the complex and geographically variable behaviour in
human societies, require a different set of tools.

Fundamentally, parasites differ little from free-
living organisms in that their distributions are all
governed by the rates of demographic processes, the
building blocks of ecology, with populations surviv-
ing only where birth (and immigration) rates on
average exceed death (and emigration) rates.
Differential abundance is due to variation in space
and time in the balance of these rates, along with the
additional essential feature of parasites, their specific
routes of transmission. The integration of these
fundamental concepts of population ecology into
process-based epidemiology allows the causes of
observed epidemic patterns to be dissected. While
this has obvious relevance to public health, advances
in understanding in the opposite direction, from
epidemiology to theoretical ecology, is potentially
offered by the rapid and often cyclic dynamics
characteristic of micro-parasites and the large acces-
sible datasets characteristic of human hosts (patients).
Analytical techniques have become increasingly
sophisticated since the basis of this crucial insight
was first published (Anderson and May, 1979; May
and Anderson, 1979), particularly with respect to
travelling waves of epidemics, applied first to measles
across the UK (Grenfell et al. 2001) and here to
pertussis in Thailand (Blackwood et al. 2012). It is
clear that immunisation programmes must take
account of geographically distinct and changing
human demographic patterns to be maximally
effective.

The rapid rates of genetic change characteristic of
small organisms, not to mention viruses of all sorts
and RNA viruses in particular, introduce variability
in host-parasite interactions and permit differential
persistence of genetically distinct viruses across
heterogeneous landscapes. Thus genetic information
must be added to the landscape epidemiology of the
above studies. Modern sequence analyses generate
ever more robust and credible phylogenetic trees that
can be placed in both temporal and spatial contexts,
from which the long-term and recent history of each
viral strain can be deduced. Exploitation of the
resulting environmental and genetic information
requires advanced statistical and mathematical mod-
elling techniques to reveal probable routes of
dispersal, depending on the biology of transmission.
Domestic dog rabies, for example, turns out to differ
in significant respects from wildlife rabies dues to
the facilitating impact of anthropogenic factors on

dispersal, thereby requiring different control strat-
egies (Brunker et al. 2012). While phylogeographics
on its own is rarely more than descriptive, when
combined with information on the ecology and age-
dependent infection history andmortality rates of the
host population, explanatory processes can be de-
duced. The necessary integration of field ecology and
genetics typically takes a large team of collaborators
with complementary skills. One such relatively rare
study has revealed considerable detail about the
arrival, covert local circulation and outbreak of highly
pathogenic avian influenza in wild swans in the UK
(Pybus et al. 2012). This study exemplifies the
gradual integration of molecular approaches into
outbreak investigation and control, driven in part by
the collapsing cost of sequencing. Bird migration is
the easy scapegoat for the natural movement of
parasites round the world, but in this case it is clearly
biologically appropriate, backed by accurate knowl-
edge of species-specific ecology and the timing and
routes of migration that fit well with the epidemio-
logical events.

In contrast, in my own field of interest concerning
tick-borne encephalitis virus (TBEV) in Eurasia,
birds are unlikely vehicles because, amongst other
contradictory factors, they are not competent reser-
voir hosts and their migration routes do not match
viral dispersal events. Instead, knowledge of human
history seems to hold the key. A recent explanation
for the anomalous foci of the Far-Eastern subtype of
TBEV in the European region of the former Soviet
Union, thousand of kilometres west of their recog-
nised endemic region but contained within the
western borders of the former Soviet Union, has
convincingly pointed the finger at human activity
rather than the natural migration of mammals or
birds. Specifically, the large-scale predominantly
westward redistribution of hundreds of thousands
of game animals for economic purposes, which
occurred only between the early 1930s and 1974,
fits the spatial and temporal patterns of viral
introductions deduced from phylogeographic analy-
sis (Kovalev et al. 2010). Similarly, the westward
dispersal of the Siberian subtype of TBEV in the
Middle Urals and the European part of Russia
appears to have originated twice from different foci
in western Siberia. The concordance of phylogenetic
analysis and history suggests that these events were
related to the first land road into Siberia (from
Moscow to Narym) about 400 years ago and then to
the construction of the Trans-Siberian Way (from
Moscow to Irkutsk) about 100 years later (Kovalev
et al. 2009). In summary, Kovalev et al. (2009)
conclude: “the victims of TBEV in Europe are the
price that the European people have paid for the
colonization of Siberia”. More recently, slow dis-
persal of the Western subtype of TBEV over the
past 50 years within Central Europe (what is now
the Czech Republic) is thought to be due to
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anthropogenic factors (Weidmann et al. 2011).
Natural geographic and political barriers evidently
limited the spread further west until genetically
distinct strains of W-TBEV arose about fifteen
years ago in small isolated foci in southeast Germany
(Weidmann et al. 2011) and have remained geo-
graphically highly limited since then (G. Dobler,
paper presented at the International Conference
on Tick-borne Encephalitis, Irkutsk, Siberia, June
2012), rather than dispersing further as one might
expect if birds were the culprit. Low probability
random introductions of infected rodents or tick-
infested deer (neither of which migrate long dis-
tances) into pockets of permissive habitat, possibly
but not necessarily through human agency, seem
a likely mechanism behind this phylogeographic
pattern.
Although the further back one goes in time, the

more obscure become the events that have shaped the
present, nevertheless phylogeography is proving to
be a powerful tool in the study of the where, why and
whence of parasite distributions even in relatively
deep time (Morand, 2012). The final four papers in
this special issue emphasize the potential of this
approach to address a wide range of parasitological
questions, including host-parasite co-evolution and
the implications for genetic control of evidence of
invasions by pests from multiple sources (Morgan
et al. 2012), the ‘One World, One Health’ concept
that unifies humans, livestock and wildlife as
harbingers of shared parasites (Gray and Salemi,
2012), the importance of considering horizontal
gene transfer even amongst supposedly clonal bac-
teria (Margos et al. 2012), and the building of human
parasite communities through successive world
events from pre-history to the present, “out of
Africa”, domestication and finally globalisation
(Morand, 2012).
What becomes obvious is the significant role

of humans in dispersing parasites around the world
over many centuries, even millennia. Although the
driving forces for emergence of infectious diseases,
anthropogenic or otherwise, have always occurred,
nevertheless we may be justified in the current
preoccupation with recent events as if they were
novel, because those drivers have recently become
much more forceful with the acceleration of global
trade and travel, which is where we started
(Tatem et al., 2012). We are evidently living in a
world that is quantitatively, if not qualitatively,
different from that of our ancestors (Markov et al.,
2012). Fortunately, technological advances (includ-
ing whole genome sequencing, now at the drop
of a hat) and analytical methods are just about
keeping up with the need to handle vast arrays of
data from a wide variety of sources on all scales of
space and time.
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