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As the saying goes, ‘there are no good models, only useful ones’. Tell a
disease modeler that, and they might shake their head, interrupting to
correct you – “only elegant ones”. And Hufnagel et al’s (2004) influential
disease simulation, now ten years old, is quite elegant indeed. Published
following the emergence and spread of severe acute respiratory syndrome
(SARS) in 2003, their mathematical model uses SARS as a prototypical
disease, deploying “almost the entire civil aviation network…[to] focus on
the mechanisms of the worldwide spread of infectious diseases” (15124).
The simulation—unusual for its emphasis on the spatial rather than
temporal dimension of disease transmission—generated a remarkably
verisimilar scenario to the actual SARS epidemic.
For this reason, Hufnagel and colleagues conclude that “in a globalized
world, with millions of passengers traveling around the world…infectious
diseases may spread rapidly around the world” (15128). In this, the study
has persisted as a cornerstone of the narrative of dangers and drivers of
disease emergence, linking “threats anywhere” to “threats everywhere”
(Sebelius 2014). Of course, modelers have been some of the first
epidemiologists to explode the taken-for-granted connection between
‘anywhere’ and ‘everywhere’, revealing the kinds of topographical
complexity in coming to grips with ‘global flows’. Hufnagel’s model, for
instance, has spawned a number of more recent influential disease
modeling “packages”—bundled algorithms and equations that simulate
human and pathogenic mobility—such as the ‘Global Epidemic and
Mobility’ platform (Balcan et al. 2010), most recently used to estimate the
likelihood of Ebola’s international spread (Gomes et al. 2014).[1] All of
these authors recognize, to quote the modelers directly, that “human
mobility represents a crucial challenge both on the theoretical side and in
view of the limited availability of empirical data” (Balcan et al. 2009:
21484). The following reflections do not propose a solution to the
problems of human, animal, or disease mobility, but rather take up this
‘crucial challenge’ in order to illustrate just how complex it has become
amidst these intersections.
Not many outside of the modeling world remember Hufnagel’s hard
wrought calculus. Instead, it is their colorful graphics that survive most
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intact. The aviation density map is ubiquitously republished, taking on a
curiously mobile life of its own (see e.g. Howard 2012). It has become a
convincing chart for the argument that increased travel is both a ‘driver’
and a ‘threat’ of emerging infectious diseases (EIDs). Stephen Morse,
the founder of this ‘emerging disease’ discourse, originally called this
globalized disease dissemination “microbial traffic” (Morse 1995: 9). If
Morse originally labeled the idea, it was Hufnagel and others who, after
SARS, insisted that it was “impossible to think about infectious disease as
a local or contained problem” (van Wagner 2008: 19). It seems it was not
just microbial traffic, but indeed gridlocked rush hour.

Figure 1: Global aviation network. A geographical representation of the
civil aviation traffic among the 500 largest international airports, from
Hufnagel et al (2004).

Of course, it has not just been disease modelers and epidemiologists who
have labored over these issues of infectious connectivity; social scientists
have also been taking up the problematic in unique ways. Medical
geographers, anthropologists, and sociologists have astutely warned
about the “slippery geographies” opened up by new and existing
connections between “bodies, ecologies, and geopolitical realities” (Del
Casino Jr et al. 2014: 546). But look at the map closely—note the
clustering, the unevenly distributed density of mobilities. Rather than
homogenous, flattened global connectivity (where a ‘threat anywhere is a
threat everywhere’), we see that certain “alternative orderings might
emerge when patterns of health and disease are considered” (Ali and Keil
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2008: 19).
And indeed, these ‘orderings’ reveal themselves, at least in these chic
graphical depictions, as divided among two particular axes, which I believe
worth exploring. To do so, I have to superimpose another map onto
Hufnagel’s. In 2008, Jones et al. published a seminal article that detailed
some of the “global trends” in emerging infectious diseases, arguing that
a constellation of “socio-economic, environmental and ecological factors”
particularly favor EID appearance; they call these “emerging disease
‘hotspots’” (990).[2] The ‘hotspots’ are largely rural, agricultural regions,
and – in most cases – precisely do not overlap with Hufnagel’s map,
which overrepresents a selection of hyper- or emerging “global cities”.
What I am pointing out is fairly obvious: that these discourses are primarily
articulated with reference to two counterpoints — ‘emergence’ is a
rural (or rural-to-urban) issue, and ‘spread’ or ‘transmission’ is primarily
an urban (or urban-to-urban) one.

“Global Distribution of Relative Risk of EID Event”, upper left quadrant (a)
shows relative risk from zoonotic transmission from animals. Reprinted
from Jones et al (2008).

On a case-to-case basis, it doesn’t work out quite as neatly as the truisms
suggest. In the 2004 outbreak of Nipah encephalitis in Bangladesh, for
instance, the disease emerged originally in the moderately populous
district of Faridpur, and then spread, through the close ties made by trade,
family, and fruit bats, to surrounding satellite villages (Stone 2011; Blum et
al. 2009). Perhaps one might push the emergence argument further back
to the disease’s ‘source’—that famous index farm in Malaysia where ‘the
wrong bat met the wrong pig’.[3] Yet, nobody knows exactly where these
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migratory carrier bats, “flying foxes”, that transferred it to the pigs—call
“home”. They seem to ‘range’ across quite a large area in southeast
Asia.
And, I might add, only very rarely do we see such detailed aviation
networks for animals like the Pteropus vampyrus (notable exceptions
include Epstein et al. 2009; Gilbert et al. 2011).[4] Recent events have
prompted an intersection of multispecies geographies, using demographic
and migration data in intriguing new ways. The ongoing Ebola outbreak
has reaffirmed and reinvigorated the popularity of geospatial mapping as a
tool to visualize risk for both primary (animal-to-human) and secondary
(human-to-human) transmission, i.e., using both Hufnagel-style aviation
networks and Jones-style zoonotic ‘hotspots’. There has been a torrent
of analyses that have emerged using reservoir mapping (e.g. fruit bats and
chimpanzees) and population mobility measures to generate more precise
‘hotspot’ maps than those seen in Jones’ study. The work, nevertheless,
remains largely confined to the ecologists and the modeling community,
who must use ‘low resolution’ census data and satellite imagery to
calculate rural settlement structures, population densities, and
human-animal mobility patterns (Piggott et al. 2014; Linard et al. 2012).
Take another example: live-animal (so-called ‘wet’) markets, which are
presumed to be both source and amplifier of zoonotic disease (Webster
2004; Woo, Lau, and Yuen 2006). Evidence has indeed shown them to
have played a central role in the SARS outbreak in China in 2002 and
2003 (Peiris and Guan 2004). Although one might assume these to be
rather direct conduits from rural-urban, the rise of supermarkets, food
processors, and changes in food supply chains suggest a more complex,
evolving story of production, consumption, and distribution linkages
(Chowdhury et al. 2005). Indeed, such food-market integration has been
more of an ideal (‘farm-to-fork’) than an obvious reality in many places,
and the material and symbolic linkages, when closely examined, often
extend beyond simply ‘rural-urban’, involving intermediate cities and
market towns along the way (Songsterm et al. 2006). Recent ethnographic
work on health and biosecurity interventions in the poultry domain,
particularly in Indonesia in the middle 2000s following the H5N1 outbreaks,
illustrate some of the profoundly complicated networks, associations, and
transfers happening here (Hinchliffe forthcoming; Forster 2012). At the
very least, we can complicate the ‘urban-rural’ divide, or at least add a
few more transitory linkages in the chain.
Although we know quite well that SARS’ global mobility patterns followed
Hufnagel’s map quite closely (albeit somewhat unpredictably), its
emergence seems to ‘thicken’ the story—moving us in spaces between
urban-rural, human-animal, animal-animal (i.e., civets to bats; domestic
poultry to wild birds), and of course, ‘local-global’. The congeries of avian
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flyways and aviation byways mean that morbidity and mortality implicate
mobility in ways we are just beginning to understand.

Map of Ebola niche ‘hotspots’ following the 2014 outbreak. Areas where
Ebola virus infection in animals is likely (color scale ranging from red for
most likely, through yellow to blue for least likely). Reproduced from
Piggott et al. 2014, under Creative Commons License

In that sense, hotspots should help us draw new kinds of maps and
associations, maybe ones closer to an expansive ecological imaginary.
Hannah Brown and Anne Kelly (2014) have recently and persuasively
argued for just such a perspective, one that accounts for temporary and
enduring “convergence[s] of rainfall, political designs, [animal]
populations, armed conflict, economic strategies, agricultural techniques,
built environments, and practices of care that create the conditions for
disease communicability” (281). Adding this litany of things together into
our perspectives means that the object of our preoccupations—“flows”,
“mobilities”, “travel”—gets rather viscous. It is an infectious disease
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perspective, quite literally inter alia—one as much about context as contact.
Such an understanding, undoubtedly, should not be a singular burden on
the spatial ecologists, disease modelers, or geographers. Those social
scientists I mentioned earlier have, for some time now, also been pushing
for something along these lines. This would include expanding work on
tracing contact and community networks, and causal or contextualizing
assemblages of behavior (Janes et al. 2012). Dr. S. Harris Ali and Roger
Keil, both professors in the Faculty of Environment at York University, ask
us to “conceptualize infectious disease as a phenomenon arising from the
convergence of various social and material processes that are linked
together in rather nuanced, complicated, and unanticipated ways” (Ali and
Keil 2008: 230). But I think the effort should go further. As Alex Nading’s
recent work (2011; 2014) has shown, these intimate, ‘unexpected’
ecologies often produce new forms of citizenship, new forms of knowledge
production, and disputes over what should make up the ecological space
and its connections—in short, what he terms an “ethics of connectivity”
(2011: 17). In this manner, a focus on hotspots—beyond an exercise in
detailed ethnographic landscape painting—might take up ‘connectivity’ as
the subject and object of anthropological inquiry. It should indeed remain a
possibility to think of infectious disease as a ‘local’ problem, if by that we
mean locating concrete problematizations, configurations, and
connectivities of animals, people, pathogens, and politics (see e.g. Collier
and Lakoff 2008; Hinchliffe 2014; Caduff 2014).
Thus, on the one hand, unraveling the complexities of these ‘trading
zones’ of humans, animals, and diseases remains a critical task, one to
be shared in collaborative research. It is perhaps one way to encourage
continued interdisciplinary study into the “complex adaptive systems” that
drive disease emergence (Janes et al. 2012; see also Wood et al. 2012).
On the other hand, reflecting on what kind of knowledge this produces,
how it circulates, and which connections matter might be a unique
opportunity for anthropological contribution.
In any case, alongside epidemiologists, veterinarians, public health
officials, and conservationists, nobody has quite figured out what this kind
of collaborative conceptual-practical work will look like in the near future.
Or even how to make sense of the “fluid, irregular shapes of these
landscapes” today, particularly given the dramatic and acute nature of
some of these epidemic events and their ability to fundamentally and
rapidly alter existing topographies and temporalities (Appadurai 1996: 33;
Lynteris 2014). This is especially true with the unprecedented challenges
faced by the tragic and worsening Ebola outbreak, which should teach us
that practical, conceptual, or technical shortcuts have no place in global
health work.
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***
The challenge then, one I feel most pressing for the work at the forefront
of the research on emerging diseases—both epidemic and epizootic—is to
“better imagine how different types of viruses, bodies, built and natural
ecologies, and geopolitical realities interact to produce the present
landscape of infectious disease” (Del Casino Jr et al. 2014: 546). It seems
that this has been forefront on the minds of disease ecologists for some
time now (see e.g. Aguirre et al. 2002; Aguirre et al. 2012). SARS may
have indeed been the first “post-Westphalian” disease event for the 21st
century, but nobody could have guessed that we would still be grappling
with claims to ‘viral sovereignty’ or the controlled (re)patriation of Ebola
patients to North America and Europe (Fidler 2004; Holbrooke and Garrett
2008). Movement, again, occurs in many directions simultaneously—and
that goes for time as well as space. Hufnagel and the other spatial
ecologists know that as well as anyone.
The task, then, is also to shake up the truism that ‘diseases know no
borders’, which today might be—at the very least—worth closer
examination. Rather than minimize the threats faced by the spread of
EIDs, I hope we can more accurately and more honestly complicate them,
in order to reflect better the intricacies of the multidimensional,
intergovernmental, multisectoral challenges of sovereignty and
accountability in today’s world of global health security and governance
(Frenk and Moon 2013).
In West Africa, the damage has already been done. We will be picking up
the pieces, and picking out the lessons, for years to come. And, as those
working at the frontlines and in the policy offices might say, there are
indeed no good solutions. Let’s hope however, that in the meantime we
are able to find some elegant ones.
Raad Fadaak is beginning his PhD studies at McGill University in
Montreal, Quebec with the departments of Social Studies of Medicine and
Anthropology. His new research project is focused on emerging infectious
diseases, global health security, and epidemic events.

Works Cited
Aguirre, A. Alonso, Richard S Ostfeld, and Peter Daszak, eds. 2012 New
Directions in Conservation Medicine: Applied Cases of Ecological Health.
Oxford; New York: Oxford University Press.
Aguirre, A. Alonso, Richard S Ostfeld, Gary M Tabor, Carl House, and

7 / 12

Science, Medicine, and Anthropology
http://somatosphere.net

Mary C Pearl, eds. 2002 Conservation Medicine Ecological Health in
Practice. Oxford; New York: Oxford University Press.
Ali, S. Harris, and Roger Keil 2008 Networked Disease: Emerging
Infections in the Global City. Malden, MA; Oxford: Wiley-Blackwell.
Appadurai, Arjun. 1996 Modernity at Large: Cultural Dimensions of
Globalization. Minneapolis: University of Minnesota Press.
Balcan, Duygu, Vittoria Colizza, Bruno Gonçalves, et al. 2009 Multiscale
Mobility Networks and the Spatial Spreading of Infectious Diseases.
Proceedings of the National Academy of Sciences 106(51): 21484–21489.
Balcan, Duygu, Bruno Gonçalves, Hao Hu, et al. 2010 Modeling the
Spatial Spread of Infectious Diseases: The GLobal Epidemic and Mobility
Computational Model. Journal of Computational Science 1(3): 132–145.
Blum, Lauren S., Rasheda Khan, Nazmun Nahar, and Robert F. Breiman.
2009 In-Depth Assessment of an Outbreak of Nipah Encephalitis with
Person-to-Person Transmission in Bangladesh: Implications for Prevention
and Control Strategies. The American Journal of Tropical Medicine and
Hygiene 80(1): 96–102.
Caduff, Carlo. 2014 On the Verge of Death: Visions of Biological
Vulnerability. Annual Review of Anthropology 43(8): 1–17.
Del Casino Jr, Vincent J, Melinda Butterworth, and Georgia Davis. 2014
The Slippery Geographies of Polio. The Lancet Infectious Diseases 14(7):
546–547.
Chowdhury, Shyamal, Asfaw Negassa, and Maximo Torero. 2005 Market
Institutions: Enchanging the Value of Rural-Urban Links. Discussion
Paper, 195. Washington, DC: International Food Policy Research Institute.
http://ageconsearch.umn.edu/bitstream/59597/2/fcndp195.pdf.
Collier, Stephen, and Andrew Lakoff, eds. 2008 Biosecurity Interventions:
Global Health and Security in Question. New York: Columbia University
Press.
Epstein, Jonathan H., Kevin J. Olival, Juliet R.C. Pulliam, et al. 2009
Pteropus Vampyrus, a Hunted Migratory Species with a Multinational
Home-Range and a Need for Regional Management. Journal of Applied
Ecology 46(5): 991–1002.
Fidler, David P. 2004 SARS: Political Pathology of the First
Post-Westphalian Pathogen. In Learning from SARS: Preparing for the

8 / 12

Science, Medicine, and Anthropology
http://somatosphere.net

Next Disease Outbreak: Workshop Summary. Stacey Knobler, Stanley
Lemon, Alison Mack, Laura Sivitz, and Katherine Oberholtzer, eds.
Washington, DC: National Academies Press.
Forster, William Paul. 2012 Risk, Modernity and the H5N1 Virus in Action
in Indonesia A Multi?sited Study of the Threats of Avian and Human
Pandemic Influenza. Doctoral Thesis, University of Sussex.
http://sro.sussex.ac.uk/38647/, accessed September 11, 2014.
Frenk, Julio, and Suerie Moon. 2013 Governance Challenges in Global
Health. New England Journal of Medicine 368(10): 936–942.
Gilbert, Marius, Scott H. Newman, John Y. Takekawa, et al. 2010 Flying
Over an Infected Landscape: Distribution of Highly Pathogenic Avian
Influenza H5N1 Risk in South Asia and Satellite Tracking of Wild
Waterfowl. EcoHealth 7(4): 448–458.
Gomes, MFC, A Pastore y Piontti, L Rossi, et al. 2014 Assessing the
International Spreading Risk Associated with the 2014 West African Ebola
Outbreak. PLOS Currents Outbreaks Edition 1, doi:
10.1371/currents.outbreaks.cd818f63d40e24aef769dda7df9e0da5.
Hinchliffe, Steve. forthcoming More than One World, More than One
Health: Re-Configuring Interspecies Health. Social Science & Medicine.
http://www.sciencedirect.com/science/article/pii/S0277953614004365,
accessed September 11, 2014.
Holbrooke, Richard, and Laurie Garrett. 2008 “Sovereignty” That Risks
Global Health. The Washington Post, August 10. http://www.washingtonpo
st.com/wp-dyn/content/article/2008/08/08/AR2008080802919.html,
accessed August 2, 2014.
Howard, Colin R. 2012 Lecture Notes on Emerging Viruses and Human
Health: A Guide to Zoonotic Viruses and Their Impact. Singapore;
Hackensack, NJ: World Scientific.
Hufnagel, L., D. Brockmann, and T. Geisel. 2004 Forecast and Control of
Epidemics in a Globalized World. Proceedings of the National Academy of
Sciences of the United States of America 101(42): 15124–15129.
Janes, Craig R., Kitty K. Corbett, James H. Jones, and James Trostle.
2012 Emerging Infectious Diseases: The Role of Social Sciences. The
Lancet 380(9857): 1884–6.
Jones, K. E., Patel, N. G., Levy, M. A., Storeygard, A., Balk, D., Gittleman,
J. L., & Daszak, P. 2008. Global trends in emerging infectious diseases.

9 / 12

Science, Medicine, and Anthropology
http://somatosphere.net

Nature, 451(7181), 990-993.

Linard, Catherine, Marius Gilbert, Robert W. Snow, Abdisalan M. Noor,
and Andrew J. Tatem. 2012 Population Distribution, Settlement Patterns
and Accessibility across Africa in 2010. PLoS ONE 7(2): e31743.
Lynteris, Christos. 2014 Introduction: The Time of Epidemics. Cambridge
Anthropology 32(1): 24–31.
Morse, S. S. 1995 Factors in the Emergence of Infectious Diseases.
Emerging Infectious Diseases 1(1): 7–15.
Nading, Alexander M. 2011 Dengue in the Landscape: Pollution, Poverty,
and the Politics of Public Health in Urban Nicaragua. Ph.D. Thesis, The
University of Wisconsin – Madison. http://search.proquest.com/docview/88
6470006/abstract?accountid=12339, accessed September 11, 2014.
Peiris, J. S. M., and Y. Guan. 2004 Confronting SARS: A View from Hong
Kong. Philosophical Transactions of the Royal Society of London. Series
B: Biological Sciences 359(1447): 1075–1079.
Sebelius, Kathleen. 2014 A Global Health Security Agenda. A Global
Health Security Agenda.
http://www.hhs.gov/secretary/about/speeches/sp20140213.html, accessed
April 24, 2014.
Songserm, Thaweesak, Rungroj Jam-on, Numdee Sae-Heng, et al. 2006
Domestic Ducks and H5N1 Influenza Epidemic, Thailand. Emerging
Infectious Diseases 12(4): 575–581.
Stone, Richard. 2011 Breaking the Chain in Bangladesh. Science
331(6021): 1128–1131.
Webster, Robert G. 2004 Wet Markets—a Continuing Source of Severe
Acute Respiratory Syndrome and Influenza? The Lancet 363(9404):
234–236.
Woo, Patrick CY, Susanna KP Lau, and Kwok-yung Yuen. 2006 Infectious
Diseases Emerging from Chinese Wet-Markets: Zoonotic Origins of
Severe Respiratory Viral Infections: Current Opinion in Infectious Diseases
19(5): 401–407.
Wood, James L. N., Melissa Leach, Linda Waldman, et al. 2012 A
Framework for the Study of Zoonotic Disease Emergence and Its Drivers:
Spillover of Bat Pathogens as a Case Study. Philosophical Transactions of

10 / 12

Science, Medicine, and Anthropology
http://somatosphere.net

the Royal Society B: Biological Sciences 367(1604): 2881–2892.
[1] The Global Epidemic and Mobility Model, note Gomes et al. (2014), “is
a spatial, stochastic and individual based epidemic model, in which the
world is divided into geographical regions defining a subpopulation
network, where connections among subpopulations represent population
traffic flows due to transportation and mobility infrastructures” (11).

[2] The article was influential in providing evidentiary support for programs
like USAID’s PREDICT, a ‘virus hunting’ program at hotspot sites
throughout SE Asia and Africa. The second iteration of this program is
currently in the process of approval and operationalization by USAID and
its partners.

[3] The allusion here is to the language used by the EIS officer played by
Kate Winslet in the 2011 film, Contagion.

[4] This is not to neglect the abundance of geospatial analyses of aviation
networks and flyways that were published amidst and following the
outbreaks of H5N1 avian influenza throughout the 2000s.
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