Quantifying

Neil Ferguson used mathematical modeling to help
British policymakers stem the fast-spreading hoof-
and-mouth epidemic. BY LAURA SPINNEY

n mid-March, when the British epidemic of hoof-and-mouth disease
(hmd) appeared to be spiraling out of control, the government
appealed to the country’s scientists for help. Among those who
answered the call was Neil Ferguson at the Imperial College School of
Medicine in London, an hhmi international research scholar who
develops mathematical models of infectious diseases.

Ferguson’s models are informed by the biology of diseases—from
the molecular-level action of pathogens and host immunity to the
environmental,social and behavioral factors that work at the popula-
tion level. His models of hmd led him to draw some stark conclusions:
The existing controls weren't working and the long delays between diagnosis and vetmenl
slaughter of infected animals were fueling the epidemic. A more aggressive eradication AR TRL LT
program was needed. This would involve the culling of animals on farms suspected of
infection within 24 hours, without waiting for confirmation from the lab; all animals
on neighboring farms had to be culled within 48 hours.

The other three modeling teams that advised the government came to the same
conclusions. The military was called in, and at the peak of the outbreak, some 2000
troops were involved in the eradication nationwide, supported by up to 1000 police offi-
cers. Almost 2.5 million animals were slaughtered in 11 weeks, requiring burial pits
equivalent to 200 Olympic-size swimming pools.

During a visit to Cumbria, one of the counties hardest hit by the disease (see map,
page 16), Ferguson participated in one of the army’s daily operations meetings. While
listening to the soldiers talk about the logistics of the operation, the ramifications of his
research became clear. On a separate occasion, he spoke to a group of farmers and came
face-to-face with their concerns.“Half the farmers in that room had lost their farms
already because of hoof-and-mouth,” he says. “I estimated that by the end of the epi-
demic, up to 70 percent of Cumbrian farms might be affected. That number shocked
them, but it is turning out to be about right.”

Another member of the Imperial team, Christl Donnelly, found herself confronted
by a group of angry, vocal farmers in Devon,another badly hit county in the southwest
part of the country. She described feeling “out on a limb?” Still, motivated by a desire to
offer practical help in a desperate situation, Ferguson and his colleagues defend their rec-
ommendations vigorously.“The hmd epidemic has significant economic consequences
for the country, which I hope my work might help to minimize,” he says.

As soon as the government released its data on infected cases to the Imperial team in
March, Ferguson and his colleagues spent an intensive 10 days feeding critical numbers
into their models. By calculating the likelihood that one farm would infect another in a

Neil Ferguson worked to minimize the losses experienced by U.K. farmers like the one at right,

IKENT KALLBERG

who walks past his cows while fires incinerate animals at a nearby farm.
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Uncertainty
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paticular length of ime,given the gearatio
beween farms and the dynamics of thei ot
wide agicultual néwork,the/ were able to pre-
did the futire @urse of thegidemic and toank
the potential dfects ofdifferent intervations.

REDUCINGR,
Specificdl, they meaared the impact afhose
interventions onR,, the case-repragdtion
ratig or aveag rumber of seonday cases
genaatked by one pmary case dihfecion.By
definition when this figure drops bew 1.0 the
epidemic can no loger sustain itdé OWiat
control measires do, wetheitOs culling or vac-
cinatim or a whole ang ofothe things,is to
reduce that grantit,, male the disease less infec-
tious,give it lessttane to speal to other
farm<)sys FegusonHe and his team were
simpy looking for the gidkest and mostftec-
tive way to bringR, down.

Publishing their egilts in the May 12001,
issie of Sciergthey argued that vamatio
would be lesdtective than culling as amer-

demic that tailed % mare slowlyOExnsie
culing is sadly therdy option for cantrolling
the current Bitish goidemicQtherhperial eam
conduded.

The policy has been largelyoessfuBy
the end of May, theumter ofinfected fams
was dropping by haéfach fortight andRywas
uncer 1.0. Fgusals aihe was nevéndess to
maintain the aggrssie cull until the disease
was canpleely eralicaed. The second serus
outbreak in preiousy unaffected Ydshie in
mid-May ould he siggests,ha been an indi-
rect esilt of the govenmenOs dgsim to rdax
the plicyallonving veteinalians more discre-
tion as to wich animals were slabtered on
fams that ngghbored infected nesEven tak-
ing that outbreak into aceintthe gidemic has
dedina in line with the ¢an®s pdidions.

OVERSIMPLIFYING REALITY?

Still,smne leadindimdexperts have éscribd
the policy as egssie Alex Donaldson,helaof
the Instiute for Animal Health labarory in

gency espnseAlthoudp vacinatiom reduces the ppulatiom of ani  Pirbright,Qurrey, and a govament advse himséf, has citicizd the
mals sisepible to the disease, it does notuegl the infectiousness of mathematal models for oveimplifyng realiy. In a stdy puldishel in
those animals aday contaminaad,and so, does not rede transmis  theVeternaly Recod on May 192001he argued that the models were
sion.Smilaty, culing of infected farms atee leaing their semindy basd on an avaag animal, and did not kdw for differences in infec-
healtl neghtors unbuchedwould be ingfficientBy failing to stem tivity,immunity and tansmissioroutes among cosypig and sheep.
newly acqired though not-yeappaent infectonssuc resticted culing Fred Brown of the L& Depatment of AgricultueOs Plunsliand
would leavéR,at or around the dtical thresholdesuling in alargerg-  Animal Disease @¢er in Greaport, New Yok, who was asked by

Modeling Common Human Diseases

he same tdmiques that NB awailableHe is trying to prdia future inci- immunizatio againstitidkenpox and theesuk

Fegusa has used to modhimd dence trends in the@staainatio era,as well ing redidtion in naural immunity to it is lead-

in animals are shedding light onas how health scaressabvacinesNpaticu  ing to a rise in casessifingles, dosdy rdaed

sane of the most aomon child  lady the cantroversial conbinel measles- (and more serious) adult disease that is caused

hood infectons,as well as kirs mumps-rulella vacineNwil affect those by the sameirus.ONitha exercise would be
such ashiv/aids. The mperial group is trends. possike withou the sort omacpanaytical tool
involved in an intemational ®llalratian with Smilaty, Fegusa is analyzing how massprovided by mathmaical modésQ he say

the Joint Uhited Nations Programme on
hiv/aids (unaids) in Geneva to map this
diseasehich presats an aormous dalleng
to modders.

Thee are uncéainies alout the disease
process its&Nhow the vrus interacts with its
hostNand atout the béaviors that wil shape
the @idemic As Benad Schvartlandr,hea of
epidemiolayy atunaids, notesPeleds zeaal
prodivities @e not stamped on their fdread&

Fegusals group is also working o
measles,partbecause thedlogy of the dis-
ease is tatively well known and deilel his-
torical records of its patterns ofcicence are
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He also intends towstly how diseasesadve
under séection pressureshe two main aes
being how a pathogenaves thoud interac-
tion with the hostOs immuneseyn and how it
ewlves esistamcto dugs.In addition to the
obvious clinical implicabns of this eseah,it
will have broader scidific consguences.

As Fegusa explaing| am fundamealy
intereséd in the ppulatio biolagy ofpath@en
ewlution,because itOs a microcosm folgion
as a \WwoleBut since [pathogen elution] hap-
pens on a mch faster time scale than in other
organismgou can actaly obseve it and the
processes shaping it dilg®© NL S



