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UBM Overview
8 students per cohort (4 biology/4 mathematics)

4 research groups

Fall–Spring Preparation
Summer Research Experience
Fall Wrap-Up

Mathematical Modeling in Biology
Introduction to Biometrics
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Large Group Seminar
Faculty Presentations on Research Topics

Student Research Proposals

Final Student Research Presentations

Other Topics…



Literature Discussions
General Topics and Activities

Eleusis



EXAMPLE

Collection:  Infinite deck of ordinary playing cards (2-10, 
J, Q, K, A) in (hearts, diamonds, clubs, spades)

Example Rule:  Alternate in color.
Start with 2 of diamonds (red)

Sample play:
Propose 4 of hearts (red, reject)
Propose K of spades (black, accept)
Propose A of clubs (black, reject)
etc.

ELEUSIS



Literature Discussions
General Topics and Activities

Eleusis

Journal Articles

Non-curriculum quantitative features

Models relating to current events

Interesting seeds for discussions
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Career Planning
Science, Special Issue on Mathematics in Biology
6 February 2004 (but links are broken)
http://www.sciencemag.org/site/feature/misc/webfeat/mathbio/ 

Nature, Careers & Recruitment:
“Biology is the new physics,” Philip Hunter, (2010). doi:10.1038/embor.2010.55
“Count On It,” Virginia Gewin, (2007). doi:10.1038/nj7130-946a

Science Careers (from the journal Science)
“Q&A: Taking Mathematics to Heart,” Kate Travis, 29 April 2011

http://sciencecareers.sciencemag.org/career_magazine
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Ethics
Ethics of Research (replaced by citiprogram.org training)

Role of Modeling and Ethics

Models and Public Policy



Jim Giles, London
Beleaguered British farmers are reeling
from another animal health crisis this week,
after cases of foot-and-mouth disease were
confirmed at locations across the country.
It is the first major outbreak of the highly
infectious disease to affect Britain in over
30 years.

The government acted quickly to halt
movement of animals after vets from the
government-funded Institute for Animal
Health (IAH) found cases at an abattoir
in Essex. 

Eleven further outbreaks had been
confirmed by 27 February, including one at a
sheep-exporting business in southwest
England. The possibility that the disease may
have been exported led France, Germany,
Belgium and the Netherlands to introduce
measures restricting movement of animals
that had recently arrived from Britain.

Intensive farming practices and the
increased movement of livestock, which has
resulted from the closure of local abattoirs in
response to the outbreak of bovine spongi-
form encephalopathy, have been blamed in
the press for the scale of the outbreak. But
experts say that these factors are of little
importance. 

news

4 NATURE | VOL 410 | 1 MARCH 2001 | www.nature.com

Europe frames fresh funding initiative for research
Quirin Schiermeier, Munich
Sweeping reforms to the Framework
programme, the European Union’s main
research support activity, have been
proposed by the European Commission.

Instead of supporting large numbers of
unrelated projects, Framework’s next phase
will fund a much smaller number of large,
integrated projects. The commission hopes
that the change will distinguish Framework
from the plethora of national research
funding agencies in Europe, and make a real
difference to European competence in key
scientific areas.

The new programme means a
particularly drastic change in the life
sciences, where four-fifths of existing
projects will lose support, as the focus is
shifted to functional genomics.

The commission is proposing a budget of
17.5 billion euros (US$16 billion) over five
years for the next — sixth — Framework
programme, which starts in 2003. This is a
17% increase on the current fifth
Framework programme’s budget. 

But the average size of Framework grants
— currently around 1.5 million euros per
project — will rise by an order of
magnitude. Proposed ‘networks of

excellence’ in critical scientific disciplines
will, for example, receive tens of millions of
euros each year.

To attract Europe’s best scientists, the
commission has also suggested ways of
simplifying grant application procedures
and project management.

The reforms are aimed at improving
interaction between national and European
programmes, officials say. According to one
official, the commission plans to operate in

“catalytic mode, building on, rather than
duplicating, what happens in the member
states”.

The new networks of excellence are
designed to complement the concept of a
single ‘European research area’ proposed by
Philippe Busquin, the European
Commissioner for Research. This aims to
make the best use of Europe’s research
resources (see Nature 405, 873; 2000).

The plan will also back large-scale
integrated projects designed around specific
technologies or research applications — for
example, high-performance materials or
information technology. Ideally, these will
be conducted as partnerships between
academia and industry. 

Grant recipients will be allowed to take
on partners as their project proceeds, instead
of having them all in place at the start. And
in some areas grant applications will be split
into two phases, with a preliminary
application being used to identify a project’s
most promising ideas. 

The proposal is being sent to the
European Union’s member states for
consideration. A decision on its adoption
will be made next year through the Council
of Ministers and the European Parliament.■

Philippe Busquin: chasing his vision of
integrated research in Europe.

Peter Roeder, an animal health officer
at the United Nations’ Food and Agriculture
Organization, points out that foot-and-
mouth disease is already endemic in some
areas of southern Africa and parts of
Asia. Imports of foodstuffs from these
regions are strictly controlled, but customs
officials say it is impossible to block illegal
imports completely. 

The UK virus is one of seven known
types of the disease. Called type O, it origi-
nated in India before spreading east into
China, Japan, Korea and Taiwan. It arrived
in South Africa last year, but has been eradi-
cated there by slaughtering potentially
infected cattle. 

Slaughtering of livestock has already
begun in Britain, as existing vaccines can
stop symptoms but do not prevent
animals from carrying or spreading the
disease. “The virus can exist in vaccinated
cattle for up to three years,” says the IAH’s
Paul Kitching, “and trade restrictions reflect
this. To resume trade a country has to be
totally free of the disease.” 

Making the vaccine, which requires large
amounts of the live virus, is also risky. Out-
breaks from vaccine production centres have
persuaded several European countries to end
vaccination programmes. 

Vaccine development is further compli-
cated by the virus’s high mutation rate. This
leads to the existence of numerous subtypes
within each type, some of which may require
different vaccines. The IAH is responsible for
matching vaccines to the hundreds of sam-
ples it receives from around the world every
year. It dealt with 400 samples last year but,
says Kitching, the true number of outbreaks
is “uncountable”.

The IAH, Pfizer and Eli Lilly each have
groups working on new vaccines. “Safer,
more stable vaccines are possible,” says
Kitching, “but it is highly unlikely that a new
vaccine will eliminate all the problems.” ■

Farmers act to avert foot-and-mouth crisis

Dead meat: pyres burn in Britain as farmers
struggle to contain foot-and-mouth disease.
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On 19th February, 2001, clinical signs indicative of
foot-and-mouth disease (FMD) were observed at 
an ante mortem examination of pigs at an Essex
abattoir. On 14th January, 2002, almost one year
later, Northumberland became the final county in 
the UK to be declared FMD free. Over the course of
the epidemic, animals on 9900 premises (2030 of 
them infected) were culled, including 594 000 cattle,
3 315 000 sheep, 142 000 pigs, 2000 goats, 1000 deer
and 1000 other animals (http://www.defra.gov.uk/
footandmouth/). The impact of the epidemic 
on the national economy has been estimated at
£2.4–4.1 billion (http://www.countryside.gov.uk/
stateofthecountryside/).

Throughout the epidemic, the development of
control policies was supported by analysing predictive
mathematical models. Although mathematics has 
a long history in biology, mathematical models
remain ‘black magic’ to many. In analysing the FMD
epidemic, a variety of mathematical approaches were
used, ranging from conceptually straightforward but
computationally intensive simulations, to relatively
‘simple’but conceptually challenging abstract models.
Here, these efforts are reviewed. All these approaches
are useful tools, but they each have limitations, and
these are highlighted throughout the article.

Characteristics of the disease outbreak
The epidemic has been well described elsewhere [1],
and here only a summary is presented. Disease
tracing located the index case in Northumberland on
22nd February. Further tracing showed that rapid,
long-ranged movement of sheep had spread FMD all
around the country. The course of the epidemic is
shown in Box 1, highlighting the role that markets
and dealers played in early dissemination.

Following the movement restrictions put into
place on 23rd February, >80% of new infected
premises (IPs) arose within 3 km of more than one
potential source IP [1]. Although the disease was

initially diagnosed in pigs, the majority of IPs held
sheep and/or cattle. Early efforts to control the
disease were based on contact tracing to identify
likely new IPs (dangerous contacts, or DCs) and the
slaughter of all susceptible animals (pigs, cattle,
goats and sheep) on confirmed IPs and DCs.
However, control was compromised by limitations 
of manpower, lack of veterinary investigators with
prior experience of FMD, and the difficulty of
diagnosing FMD in sheep. It was soon recognized
that the disease was not under control.

As part of the effort to guide policy, in early
March 2001 epidemiologists with experience in
mathematical and statistical analysis joined a
team of scientists advising the control effort.
Epidemiological information gathered by the state
veterinary service, together with farm location and
species data from the annual agricultural census [2],
provided a daily description of the progression of the
epidemic [1]. Despite some inconsistencies that shall
be discussed, this database was an unprecedented
information source, and formed the basis of several
epidemic models.

These models helped to support the
recommendation that control of the epidemic be based
upon rapid culling of susceptible animals on IPs
(within 24 h of reporting) and animals on premises
contiguous to IPs (CPs) and DCs (within 48 h of
reporting) [3]. This was commonly known as the
‘24/48’policy. Owing to difficulties in diagnosing the
disease in sheep, and because of the potential for
airborne transmission from pigs, culling of sheep 
and pigs within 3 km of IPs also commenced in the
highly affected Cumbria region [4]. Soon after the
implementation of these policies began, the epidemic
began to decline. Despite controversy over the
efficiency of the policy and the occasional later
outbreak in localized areas, it is clear that the policy
had a major impact on the decline of the epidemic,
although the relative impact of the various elements
of the policy remains controversial.

Modeling the 1967 outbreak of FMD in the UK
The last major epidemic of FMD in the UK occurred 
in 1967, and analysis of that epidemic provided some
useful insight into the more recent one [5,6]. In
particular, there was a strong recommendation that

Mathematical models played an important role in guiding the development of
the control policies in the 2001 foot-and-mouth disease epidemic in the UK.
The variety of approaches that helped to guide the policy can sometimes be
confusing. Here, the different modelling exercises that were developed over the
course of the epidemic are reviewed, describing the difficulties in interpreting
the available data and the appropriateness of the various assumptions.

The role of mathematical modelling in
the control of the 2001 FMD epidemic
in the UK
Rowland R. Kao
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Use and abuse of mathematical models: 
an illustration from the 2001 foot and mouth
disease epidemic in the United Kingdom

R.P. Kitching (1), M.V. Thrusfield (2) & N.M. Taylor (3)

(1) National Centre for Foreign Animal Disease, 1015 Arlington St, Winnipeg, Manitoba R3E 3M4, Canada
(2) Department of Veterinary Clinical Sciences, Royal School of Veterinary Studies, University of Edinburgh,
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Reading RG6 7AR, United Kingdom

Summary
Foot and mouth disease (FMD) is a major threat, not only to countries whose
economies rely on agricultural exports, but also to industrialised countries that
maintain a healthy domestic livestock industry by eliminating major infectious
diseases from their livestock populations. Traditional methods of controlling
diseases such as FMD require the rapid detection and slaughter of infected
animals, and any susceptible animals with which they may have been in contact,
either directly or indirectly. During the 2001 epidemic of FMD in the United
Kingdom (UK), this approach was supplemented by a culling policy driven by
unvalidated predictive models. The epidemic and its control resulted in the death
of approximately ten million animals, public disgust with the magnitude of the
slaughter, and political resolve to adopt alternative options, notably including
vaccination, to control any future epidemics. The UK experience provides a
salutary warning of how models can be abused in the interests of scientific
opportunism.

Keywords
Culling – Epidemiology – Foot and mouth disease – Infectivity – Mathematical model –
Modelling – Slaughter – Stamping out – Transmission – United Kingdom – Virus spread. 

Introduction
The epidemic of foot and mouth disease (FMD) in Europe
in 2001 had a profound effect on the public perception of
the consequences of a highly infectious disease spreading
within an intensive livestock industry. Although there had
been epidemics of classical swine fever in the Netherlands
in 1997 (in which over ten million pigs were slaughtered)
and in England in 2000 (in which 80,000 pigs were
slaughtered), the nightly appearance on television of
apparently healthy cattle and sheep being sacrificed to
bring FMD under control horrified both rural and urban

communities, and involved government at the highest
level. In Britain, four million FMD-susceptible animals on
10,157 premises were slaughtered: 2,026 premises were
declared infected, 4,762 premises were considered
dangerous contacts of infected premises and 3,369
premises were located near to infected premises (2). A
further 2.5 million animals were slaughtered for reasons of
welfare, such as overcrowding and compromised nutrition.
The official figure for the number of animals slaughtered
was approximately 6.5 million, but when the total number
of still-suckling lambs, calves and pigs that were
slaughtered is included, the total could be as high as ten
million (33). The financial cost of the FMD epidemic in 

doi:10.1038/35065263
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