
Proc. R. Soc. B (2007) 274, 833–837

doi:10.1098/rspb.2006.0015
What is the best control strategy for multiple
infectious disease outbreaks?

Andreas Handel2,*, Ira M. Longini Jr1 and Rustom Antia2

1Program of Biostatistics and Biomathematics, Fred Hutchinson Cancer Research Centre and Department of Biostatistics

and School of Public Health and Community Medicine, University of Washington, Seattle, WA 98109, USA
2Department of Biology, Emory University, Atlanta, GA 30322, USA

Published online 19 December 2006
*Autho

Received
Accepted
Effective control of infectious disease outbreaks is an important public health goal. In a number of recent

studies, it has been shown how different intervention measures like travel restrictions, school closures,

treatment and prophylaxis might allow us to control outbreaks of diseases, such as SARS, pandemic

influenza and others. In these studies, control of a single outbreak is considered. It is, however, not clear

how one should handle a situation where multiple outbreaks are likely to occur. Here, we identify the best

control strategy for such a situation. We further discuss ways in which such a strategy can be implemented

to achieve additional public health objectives.
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1. INTRODUCTION
Despite all medical advances, infectious disease outbreaks

still pose a significant threat to the health and economics

of our society. Two examples that immediately come to

mind are the relatively recent SARS outbreak—which was

fortunately contained but nevertheless caused loss of life

and significant economic damage (Peiris et al. 2004;

Skowronski et al. 2005)—and the looming possibility of

an influenza pandemic caused by a human-to-human

transmissible H5N1 virus (Beigel et al. 2005; Ungchusak

et al. 2005).

Since future infectious disease outbreaks—caused either

by naturally emerging or deliberately introduced patho-

gens—are virtually certain to occur, it is of utmost

importance to investigate effective control strategies that

can minimize the impact of such outbreaks. Arguably, the

best control strategy is early containment. This approach

was successfully implemented for the case of SARS (Ho &

Su 2004; Svoboda et al. 2004), and it has also been

suggested as the optimal strategy against an avian influenza

outbreak (Ferguson et al. 2005; Longini et al. 2005).

However, containment might not always be possible. Both

the SARS and influenza viruses are endemic in animals

(Webster 2004) and therefore the occurrence of multiple

outbreaks within a short time span is a possibility (Mills

et al. 2006). Multiple outbreaks, as well as a situation where

an outbreak occurs in a region with poor public health

infrastructure, might lead to containment failure.

If outbreak prevention is not possible, then reducing its

severity is the next goal. The impact of a variety of

intervention measures has been studied for SARS (Lipsitch

et al. 2003; Pourbohloul et al. 2005), and more recently for a

potential pandemic influenza outbreak (Ferguson et al.

2006; Germann et al. 2006). Such studies provide vital

information for public health officials. However, there is

one important caveat to the results obtained from these

studies. Namely, it is most often assumed that the outbreak
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occurs in a closed population, i.e. no new infecteds enter

the population and no secondary outbreaks are considered.

Under such a scenario, more severe intervention measures

lead to less infections and accompanying mortality. There-

fore, from a viewpoint of reducing the number of infecteds,

the best control strategy is one that is as stringent as can

possibly be implemented. However, this is not necessarily

true anymore if one considers the case of multiple

outbreaks. We will explain here how the best control

strategy should look like for such a situation.
2. THE MODEL
To illustrate our ideas, we use a simple compartmental SIR

model (Anderson & May 1991; Hethcote 2000). To keep the

model as simple as possible, we ignore natural births and

deaths as well as disease-induced mortality. We consider the

dynamics of susceptibles S, infecteds I and recovereds R. The

equations are given by _SZKð1Kf ÞbIS=N, _IZ ð1Kf ÞbIS=NK

I=D and _RZI =D. For our illustrative figures, we (arbitrarily) set

the population size as NZ10 000 and the duration of infection

as DZ4. The parameter f describes the reduction in

transmission due to intervention strategies. The transmission

parameter b is specified through the basic reproductive number

R0, which for our model is given by R0Z(1K f )bD.

The figures are created as follows. For figure 1, we choose

R0Z2 (corresponding to bZ0.5) and fZ0. For figure 2, the

weak, optimal and strong control scenarios correspond to

fZ0.2, 0.3 and 0.4, respectively. For figure 3, R0 is varied from

1.05 to 7 by changing b accordingly, f is set to 0 for no control

and 0.3 for optimal control. For figure 4, the light grey curve

is produced by setting fZ0.3. The dark grey curve is produced

by setting fZ1 at time tZ27. The black curve is produced by

changing f, in a way that R0 stays at R0z1.01.
3. THE UNCONTROLLED SITUATION
Figure 1 shows the number of susceptibles and infecteds

during an outbreak. The initial growth phase of the

epidemic is characterized by an approximately exponential
This journal is q 2006 The Royal Society
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Figure 1. Susceptibles and infecteds for an uncontrolled
epidemic. The dotted horizontal line indicates the threshold
level of susceptibles Sth below which population immunity
prevents further outbreaks. The arrow indicates the difference
between the number of susceptibles at the end of the outbreak
and Sth. We term this difference the overshoot. (Equations and
parameters used to produce all the figures are given in §2.)
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Figure 2. Control strategies of different strength. Susceptibles
and infecteds for intervention measures that are too weak (light
grey), too strong (black) and optimal (dark grey). Also shown
are the susceptibles for the uncontrolled case (thin solid curve)
and for the case of strong control in a closed (single outbreak)
population (dash-dotted line). (For better illustration pur-
poses, number of infecteds are not drawn to scale.)
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increase in the number of infecteds, accompanied by a

decline of susceptibles. Once the number of susceptibles

crosses a threshold level Sth, the average number of new

infections caused by an infected person falls below 1 and the

epidemic wanes. If the final number of susceptibles is below

Sth, further outbreaks cannot occur due to population

immunity. The concept of population immunity has been

widely used in the implementation of vaccination pro-

grammes (Anderson & May 1991; Scherer & McLean 2002;

Hill & Longini 2003), and it has recently been studied for the

spread of multiple pathogens through networks (Newman

2005). If a vaccination campaign can drive the number of

susceptibles below Sth (drive the basic reproductive number

R0 below 1), then the disease can be eliminated. As figure 1

illustrates, in an uncontrolled epidemic, the number of
Proc. R. Soc. B (2007)
susceptibles can fall well below Sth. We refer to this

additional depletion of susceptibles as overshoot.
4. THE BEST CONTROL STRATEGY
Figure 2 shows schematically the impact of (as yet

unspecified) control strategies of differing strength. For

weak intervention, the final number of susceptibles is above

that of the uncontrolled epidemic but below Sth, thereby

preventing consecutive outbreaks. Increasing the strength

of interventions will decrease the number of infecteds and

therefore increase the number of susceptibles that remain

after the outbreak is over. The dash–dotted line shows

a situation where strong intervention measures are applied.

The final number of susceptibles is high. However, since

the level of susceptibles at the end of the outbreak is above

Sth, the possibility exists for a second outbreak to occur if

the infection is reintroduced into the population. If control

of the first outbreak depleted resources—such as drug

stockpiles or ‘goodwill’ among the population to follow

quarantine measures—the second outbreak will be largely

uncontrolled, producing a significant overshoot and

potentially reducing the number of susceptibles well

below Sth. The solid black curve shows such a situation.

Therefore, if multiple outbreaks are possible, intervention

measures that are too strong can result in an outcome that is

as suboptimal as a situation with weak intervention

measures. The best control strategy is one that leads to a

final number of susceptibles at Sth, since this is the

maximum number of susceptibles that can be present

without risking a consecutive outbreak. This corresponds

to a control strategy that minimizes the overshoot. Figure 3

shows the potential reduction in the number of infecteds for

such an optimal strategy. For the simple SIR model we use

here, the number of prevented infections is found to be

highest for intermediate values of R0z1.5–3. These values

are in the range of those estimated for some infectious

diseases, such as influenza (Mills et al. 2004) or SARS

(Lipsitch et al. 2003).
5. IMPLEMENTING THE BEST CONTROL
STRATEGY
Any control strategy that results in the number of infecteds

approaching zero as the number of susceptibles approaches

Sth minimizes the overshoot and therefore the number of

infecteds. A number of intervention measures such as

prophylaxis, treatment, quarantine, movement restric-

tions, etc. could be used to achieve this outcome. These

intervention measures can be implemented in various ways,

depending on additional goals or constraints. A strategy

that might be relatively easy to implement is one that uses

constant intervention for the duration of the epidemic at a

level such that at the end of the outbreak, Sth susceptibles

remain in the population. Such a strategy is illustrated by

the light grey curves in figure 4. Another objective might be

to avoid a sharp peak in the number of infecteds and to

spread out the epidemic in time so as to reduce strain on the

health system. This could be achieved through adaptive

intervention measures that are adjusted to keep the

effective reproductive number just above 1, resulting in a

‘slow burn’ of the epidemic, as shown by the black curves in

figure 4. For a fast evolving pathogen, such as influenza, the

potential emergence of drug resistance could pose a serious

problem (Stilianakis et al. 1998; Regoes & Bonhoeffer
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Figure 3. Prevented infections for the optimal control strategy
as a function of the basic reproductive number. Also shown
are the total number of infecteds for no and optimal control.
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Figure 4. Examples of different control approaches. The light
grey curve shows constant intervention. The black curve shows
a scenario where intervention measures are constantly adapted
such that the effective reproductive number is slightly above 1.
The dark grey curve shows the number of susceptibles for the
strategy best suited to prevent resistance emergence, namely no
intervention until S reaches Sth, followed by maximal reduction
of transmission. Also shown are the number of susceptibles
without control. (For better illustration purposes, number of
infecteds are not drawn to scale.)
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2006; Lipsitch et al. in press). If we are concerned about

drug resistance, the prolonged use of drugs should be

avoided. In this case, the optimal control strategy could be

implemented in such a way that no intervention is applied

until the number of susceptibles is close to Sth, at which

point control efforts should (for a short time) bring R0 as

close to zero as possible. The exact timing of the

intervention is determined by the amount of reduction in

transmission that can be achieved. This approach also

minimizes the duration of the outbreak. The dark grey

curves in figure 4 illustrate such a scenario.
6. DISCUSSION
Early containment of a potential infectious disease out-

break is the best possible scenario (Ferguson et al. 2005;

Longini et al. 2005). If containment fails, strategies to
Proc. R. Soc. B (2007)
reduce the outbreak severity are needed. Current control

strategies focus on the reduction of infecteds for a single

outbreak. This probably applies to outbreaks in places

such as nursing homes, hospitals or isolated geographical

regions. In contrast to that, pathogens such as a novel

pandemic influenza strain will probably result in many

local outbreaks that are unlikely to be synchronized,

making continuous influx of new infecteds possible

(Viboud et al. 2005). This means that at the end of an

outbreak in one location, the infection could be reintro-

duced, potentially leading to a consecutive outbreak.

Stringent control measures might lead to a significantly

reduced primary outbreak with the final number of

susceptibles well above Sth. However, if this strategy

leads to the depletion of both drug stockpiles and goodwill

among the population, then a second outbreak could

occur in a largely uncontrolled fashion, producing a

significant overshoot and reducing the number of

susceptibles well below Sth. This is a potential problem

for very strong intervention measures such as some of the

most severe control strategies described for recent

pandemic influenza control (Ferguson et al. 2006;

Germann et al. 2006). In such a situation where multiple

outbreaks are probable and resources are limited, the best

strategy is to apply intervention measures in such a way

that the number of susceptibles reaches exactly Sth.

We want to stress that such a control strategy should only

be considered if other strategies are impossible. If enough

resources are available to control multiple outbreaks, then

one should use for each outbreak the control strategies that

lead to the lowest number of infecteds. Further, if control

can buy enough time to, for instance, produce and deploy

vaccines—as might be possible for a novel influenza

virus—then control should also be as stringent as possible

until the vaccine is available. However, we might find

ourselves in a situation where resources are limited and

multiple outbreaks are probable. If such a scenario were to

occur, the approach that leads to a level of susceptibles just

below the level Sth required for population immunity is the

best result obtainable and control strategies should be

implemented towards such a goal. Since such a control

approach might potentially involve the deliberate with-

holding of drugs from infected individuals that are not at

high risk, ethical considerations need to be taken into

account (Foster & Grundmann 2006).

Obviously, the SIR model used here to illustrate our

ideas is a very strong oversimplification of any real

infectious disease outbreak. Real outbreaks take place on

heterogeneous contact networks, involve stochasticity and

uncertainty in parameter estimation and other complicat-

ing features. Nevertheless, the main ideas are still likely to

hold, which are as follows:

(i) A critical level Sth exists below which population

immunity prevents further outbreaks. This is true

for any pathogen that induces immunity in a

recovered person, which is the case for a significant

number of infectious diseases. In a more detailed,

heterogeneous epidemiological model, one might

not have a single Sth but instead different threshold

levels for certain subgroups, such as different age

classes or localities (urban versus rural, for

instance). Additionally, if the pathogen evolves

between outbreaks, immunity created during a
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previous outbreak might not be completely protec-

tive during a secondary outbreak. However, usually

a significant amount of cross-immunity exists and

therefore the concept of population immunity and

Sth still applies. We therefore suggest that while the

details might be complicated, the concept of a

threshold Sth will hold true for realistic situations.

(ii) Uncontrolled epidemics produce an overshoot that

leads to the drop in susceptibles below Sth. Detailed,

agent-based epidemiological simulations show that

the number of infecteds follows a time course closely

resembling the one shown in figure 1 for the simple

compartmental model. In general, the number of

infecteds grows until the number of susceptibles has

fallen to Sth. At this point, the average number of

secondary infections created by an infected person

drops below 1 and therefore the number of infecteds

starts to decrease. However, right at this inflection

point, the maximum number of infecteds is present.

These infecteds will create on average less than 1, but

still more than zero further infections, leading to

additional depletion of susceptibles and therefore

causing an overshoot. This is a generic feature of an

infectious disease outbreak and not limited to the

illustrative model used here.

(iii) If multiple outbreaks are likely and resources are

limited the best control strategy is one that results in

the final number of susceptibles reaching Sth. This

follows from the preceding two points and the

arguments we have presented in this work.

The practical implementation of our suggested control

strategy relies on the same tools as those that have been

and are being developed to study control for single

outbreaks. First, once a novel pathogen causes an

outbreak, it is necessary to rapidly determine the

transmission characteristics of the pathogen (Wallinga &

Teunis 2004; Cauchemez et al. 2006). This information

can then be combined with recent detailed models

(Ferguson et al. 2006; Germann et al. 2006) to simulate

the outbreak and the impact of various control measures.

This approach should be taken independent of the

possibility of one or several outbreaks. If multiple out-

breaks are likely to occur and resources are limited, control

measures should then be implemented such that the

number of susceptibles falls to Sth. As explained

previously, there are many ways to achieve this. We

showed three different examples in figure 4. These

examples are meant to illustrate different ways in which

control could be implemented. In the next step, one

should specify exactly what kind of realistic control

strategies are available and what additional objectives

one would like to achieve, such as, for instance,

minimizing the peak of the outbreak or the probability of

drug resistance emergence. Once the intervention

measures, constraints and possible additional outcome

objectives have been specified, one can use sophisticated

mathematical tools such as control theory to determine an

optimal control schedule (Wickwire 1977; Greenhalgh

1986; Clancy 1999; Behncke 2000; Patel et al. 2005).

To summarize, we showed that when designing control

strategies for infectious disease outbreaks, it is not enough

to consider a single outbreak. Instead, any comprehensive

emergency preparedness planning also needs to consider
Proc. R. Soc. B (2007)
how certain control approaches perform under a scenario

where multiple outbreaks are possible. We explained that

if resources are limited and multiple outbreaks are

probable, the best control strategy is one that drives the

number of susceptibles to a threshold level Sth at which

population immunity will prevent further outbreaks. We

also illustrated several ways in which such a control

strategy could be implemented. We suggest that compre-

hensive control strategies against large-scale infectious

disease outbreaks should consider a wide range of

strategies, such as containment at the source, optimal

control of a single outbreak and optimal control of

multiple outbreaks. We hope that the ideas presented

here will stimulate further studies on how to best

implement intervention measures that allow for an

effective outbreak control for all possible scenarios.

We acknowledge support from National Institute of General
Medical Sciences MIDAS grant U01-GM070749. We
thank Elisa Margolis for her comments on an earlier draft
of the manuscript.
REFERENCES
Anderson, R. M. & May, R. M. 1991 Infectious diseases of

humans—dynamics and control. Oxford, UK: Oxford

Science Publications.

Behncke, H. 2000 Optimal control of deterministic epidemics.

Opt. Control Appl. Methods 21, 269–285. (doi:10.1002/

oca.678)

Beigel, J. H. et al. 2005 Avian influenza A (H5N1) infection in

humans. N. Engl. J. Med. 353, 1374–1385. (doi:10.1056/

NEJMra052211)

Cauchemez, S., Boelle, P.-Y., Donnelly, C. A., Ferguson,

N. M., Thomas, G., Leung, G. M., Hedley, A. J.,

Anderson, R. M. & Valleron, A.-J. 2006 Real-time

estimates in early detection of SARS. Emerg. Infect. Dis.

12, 110–113.

Clancy, D. 1999 Optimal intervention for epidemic models

with general infection and removal rate functions. J. Math.

Biol. 39, 309–331. (doi:10.1007/s002850050193)

Ferguson, N. M., Cummings, D. A. T., Cauchemez, S.,

Fraser, C., Riley, S., Meeyai, A., Iamsirithaworn, S. &

Burke, D. S. 2005 Strategies for containing an emerging

influenza pandemic in Southeast Asia. Nature 437,

209–214. (doi:10.1038/nature04017)

Ferguson, N. M., Cummings, D. A. T., Fraser, C., Cajka,

J. C., Cooley, P. C. & Burke, D. S. 2006 Strategies for

mitigating an influenza pandemic. Nature 442, 448–452.

(doi:10.1038/nature04795)

Foster, K. R. & Grundmann, H. 2006 Do we need to put

society first? The potential for tragedy in antimicrobial

resistance. PLoS Med. 3, e29. (doi:10.1371/journal.pmed.

0030029)

Germann, T. C., Kadau, K., Longini, K. & Macken, C. A.

2006 Mitigation strategies for pandemic influenza in the

United States. Proc. Natl Acad. Sci. USA 103, 5935–5940.

(doi:10.1073/pnas.0601266103)

Greenhalgh, D. 1986 Control of an epidemic spreading in a

heterogeneously mixing population. Math. Biosci. 80,

23–45. (doi:10.1016/0025-5564(86)90065-9)

Hethcote, H. W. 2000 The mathematics of infectious diseases.

SIAM Rev. 42, 599–653. (doi:10.1137/S0036144500

371907)

Hill, A. N. & Longini, I. M. 2003 The critical vaccination

fraction for heterogeneous epidemic models. Math. Biosci.

181, 85–106. (doi:10.1016/S0025-5564(02)00129-3)

http://dx.doi.org/doi:10.1002/oca.678
http://dx.doi.org/doi:10.1002/oca.678
http://dx.doi.org/doi:10.1056/NEJMra052211
http://dx.doi.org/doi:10.1056/NEJMra052211
http://dx.doi.org/doi:10.1007/s002850050193
http://dx.doi.org/doi:10.1038/nature04017
http://dx.doi.org/doi:10.1038/nature04795
http://dx.doi.org/doi:10.1371/journal.pmed.0030029
http://dx.doi.org/doi:10.1371/journal.pmed.0030029
http://dx.doi.org/doi:10.1073/pnas.0601266103
http://dx.doi.org/doi:10.1016/0025-5564(86)90065-9
http://dx.doi.org/doi:10.1137/S0036144500371907
http://dx.doi.org/doi:10.1137/S0036144500371907
http://dx.doi.org/doi:10.1016/S0025-5564(02)00129-3


Control of multiple disease outbreaks A. Handel et al. 837
Ho, M.-S. & Su, I.-J. 2004 Preparing to prevent severe acute
respiratory syndrome and other respiratory infections.
Lancet Infect. Dis. 4, 684–689. (doi:10.1016/S1473-3099
(04)01174-0)

Lipsitch, M. et al. 2003 Transmission dynamics and control
of severe acute respiratory syndrome. Science 300,
1966–1970. (doi:10.1126/science.1086616)

Lipsitch, M., Cohen, T., Murray, M. & Levin, B. R. In press.
Antiviral resistance and the control of pandemic influenza.
PLoS Med.

Longini, I. M., Nizam, A., Xu, S., Ungchusak, K.,
Hanshaoworakul, W., Cummings, D. A. T. & Elizabeth
Halloran, M. 2005 Containing pandemic influenza at the
source. Science 309, 1083–1087. (doi:10.1126/science.
1115717)

Mills, C. E., Robins, J. M. & Lipsitch, M. 2004 Transmis-
sibility of 1918 pandemic influenza. Nature 432, 904–906.
(doi:10.1038/nature03063)

Mills, C. E., Robins, J. M., Bergstrom, C. T. & Lipsitch, M.
2006 Pandemic influenza: risk of multiple introductions
and the need to prepare for them. PLoS Med. 3, e135.
(doi:10.1371/journal.pmed.0030135)

Newman, M. E. J. 2005 Threshold effects for two pathogens
spreading on a network. Phys. Rev. Lett. 95, 108 701.
(doi:10.1103/PhysRevLett.95.108701)

Patel, R., Longini, I. M. & Elizabeth Halloran, M 2005
Finding optimal vaccination strategies for pandemic
influenza using genetic algorithms. J. Theor. Biol. 234,
201–212. (doi:10.1016/j.jtbi.2004.11.032)

Peiris, J. S. M., Guan, Y. & Yuen, K. Y. 2004 Severe acute
respiratory syndrome. Nat. Med. 10(Suppl. 12), S88–S97.
(doi:10.1038/nm1143)

Pourbohloul, B., Meyers, L. A., Skowronski, D. M., Krajden,
M., Patrick, D. M. & Brunham, R. C. 2005 Modeling
control strategies of respiratory pathogens. Emerg. Infect.
Dis. 11, 1249–1256.

Regoes, R. R. & Bonhoeffer, S. 2006 Emergence of
drug-resistant influenza virus: population dynamical
Proc. R. Soc. B (2007)
considerations. Science 312, 389–391. (doi:10.1126/

science.1122947)

Scherer, A. & McLean, A. 2002 Mathematical models of

vaccination. Br. Med. Bull. 62, 187–199. (doi:10.1093/

bmb/62.1.187)

Skowronski, D. M., Astell, C., Brunham, R. C., Low, D. E.,

Petric, M., Roper, R. L., Talbot, P. J., Tam, T. & Babiuk,

L. 2005 Severe acute respiratory syndrome (SARS): a year

in review. Annu. Rev. Med. 56, 357–381. (doi:10.1146/

annurev.med.56.091103.134135)

Stilianakis, N. I., Perelson, A. S. & Hayden, F. G. 1998

Emergence of drug resistance during an influenza

epidemic: insights from a mathematical model. J. Infect.

Dis. 177, 863–873.

Svoboda, T. et al. 2004 Public health measures to control the

spread of the severe acute respiratory syndrome during the

outbreak in Toronto. N. Engl. J. Med. 350, 2352–2361.

(doi:10.1056/NEJMoa032111)

Ungchusak, K. et al. 2005 Probable person-to-person

transmission of avian influenza A (H5N1). N. Engl.

J. Med. 352, 333–340. (doi:10.1056/NEJMoa044021)

Viboud, C., Grais, R. F., Lafont, B. A. P., Miller, M. A.,

Simonsen, L. & Multinational Influenza Seasonal

Mortality Study Group. 2005 Multinational impact of

the 1968 Hong Kong influenza pandemic: evidence for a

smoldering pandemic. J. Infect. Dis., 192, 233–248.

Wallinga, J. & Teunis, P. 2004 Different epidemic curves for

severe acute respiratory syndrome reveal similar impacts

of control measures. Am. J. Epidemiol. 160, 509–516.

(doi:10.1093/aje/kwh255)

Webster, R. G. 2004 Wet markets—a continuing source

of severe acute respiratory syndrome and influenza?

Lancet 363, 234–236. (doi:10.1016/S0140-6736(03)

15329-9)

Wickwire, K. 1977 Mathematical-models for control of pests

and infectious-diseases—survey. Theor. Popul. Biol. 11,

182–238. (doi:10.1016/0040-5809(77)90025-9)

http://dx.doi.org/doi:10.1016/S1473-3099(04)01174-0
http://dx.doi.org/doi:10.1016/S1473-3099(04)01174-0
http://dx.doi.org/doi:10.1126/science.1086616
http://dx.doi.org/doi:10.1126/science.1115717
http://dx.doi.org/doi:10.1126/science.1115717
http://dx.doi.org/doi:10.1038/nature03063
http://dx.doi.org/doi:10.1371/journal.pmed.0030135
http://dx.doi.org/doi:10.1103/PhysRevLett.95.108701
http://dx.doi.org/doi:10.1016/j.jtbi.2004.11.032
http://dx.doi.org/doi:10.1038/nm1143
http://dx.doi.org/doi:10.1126/science.1122947
http://dx.doi.org/doi:10.1126/science.1122947
http://dx.doi.org/doi:10.1093/bmb/62.1.187
http://dx.doi.org/doi:10.1093/bmb/62.1.187
http://dx.doi.org/doi:10.1146/annurev.med.56.091103.134135
http://dx.doi.org/doi:10.1146/annurev.med.56.091103.134135
http://dx.doi.org/doi:10.1056/NEJMoa032111
http://dx.doi.org/doi:10.1056/NEJMoa044021
http://dx.doi.org/doi:10.1093/aje/kwh255
http://dx.doi.org/doi:10.1016/S0140-6736(03)15329-9
http://dx.doi.org/doi:10.1016/S0140-6736(03)15329-9
http://dx.doi.org/doi:10.1016/0040-5809(77)90025-9

	What is the best control strategy for multiple infectious disease outbreaks?
	Introduction
	The Model
	The uncontrolled situation
	The best control strategy
	Implementing the best control strategy
	Discussion
	We acknowledge support from National Institute of General Medical Sciences MIDAS grant U01-GM070749. We thank Elisa Margolis for her comments on an earlier draft of the manuscript.
	References


