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Questions in controlling emerging
epidemics

• at the start of an epidemic
- how effective should control measures be?

• during the epidemic
- how effective are the implemented control measures?
- are they effective enough to contain the outbreak?
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Reproductive number R

• R is defined as the number of secondary cases per primary
case

• reproductive number R determines the required control effort
- if R exceeds unity, the epidemic is out of control
- in a homogeneously mixing population: the epidemic is controlled

if a proportion 1-1/R of all infected cases is traced and isolated
• Estimation of R requires observing the generation interval τ

- the duration between onset of symptoms of a secondary case
and its primary case

- characterize the generation interval distribution g(τ) by
• mean µ
• standard deviation σ
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Observations in an (idealised) epidemic:
Transmission tree

• node case
• position of node time of symptom onset
• edge transmission of infection
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Estimation of R and τ from a
transmission tree

• length of edge generation interval
• nr. outgoing edges reproduction number
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• Grassly and Fraser, Nature Rev
Microbiol 2008

• SIR model (panels a-c)
• SARS in Singapore (panels d-f)
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• Lloyd-Smith et al, Nature 2005
• SARS in Singapore
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• Haydon et al. Proc. R. Soc.
Lond. B 2003

• Foot-and-mouth outbreak in UK
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Local contact network structure affects
duration of generation intervals

• If the contact network structure is a tree, the expected
duration of the generation interval is constant during the
epidemic

• If the contact network is highly clustered (many short
loops), the expected duration of the generation interval
should contract at the peak of the epidemic

- Svensson. Math Biosci 2007; 208:300-311
- Kenah et al. Math Biosci 2008; 213:71-79

• Can we use observed transmission trees to detect the
local contact network structure?
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Example: Pneumonic plague

• Bacterium Yersinia pestis
• Humans and animals (rodents) are hosts
• When transmitted from person-to-person: pneumonic

plague
• Case fatality rate ~ 95%
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A completely observed transmission tree for
pneumonic plague in Mukden, China, 1946.

Nishiura et al. J. Epidemiol. Community Health 2006; 60: 640-645



jacco.wallinga@rivm.nl
National Institute
for Public Health
and the Environment

Generation interval distribution for
pneumonic plague

• mean generation interval µ: 4.7 days
• standard deviation σ: 1.4 days
• distribution follows a Gamma distribution g (τ |α,β)
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But some epidemiological links were
missing
• Assume links are missing at

random
• Use missing data techniques

- relative likelihood of links
(Likelihood)

- Expectation-Maximization
(EM-algorithm)

- Expectation-Maximization
with prior knowledge about
possible contacts (PEM-
algorithm)

Hens et al. Identifying missing and unlikely links in pneumonic plague outbreaks. In prep.
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And some epidemiological links were
misclassified
• Influence measure

- sensitivity in outcome to one
data point

• Links with a high influence
measure are suspect

• Treat suspect links as missing

Hens et al. Identifying missing and unlikely links in pneumonic plague outbreaks. In prep.
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Does the mean generation interval
change?

• So far, no strong support for a decrease
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Almost completely observed
transmission trees
• reported transmission trees need verification and reconstruction
• characterization of the reproduction number is straightforward

- at the individual level, number of outgoing links
- at the population level, frequency distribution of outgoing links

• characterization of the generation interval distribution is
straightforward

- at the individual level, duration of a link
- at the population level, frequency distribution of durations

• for pneumonic plague
- the reproduction number was about 2 secondary cases per primary case

before control
- the mean generation interval was about 4.7 days
- negligible contraction of generation interval during epidemic
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Advantages of using transmission trees

• requires few arbitrary decisions and reduces to a standard
approach for estimating reproductive number if we

- assume exponential distribution of generation intervals
- assume exponential growth of epidemic
- observe mean generation interval µ and exponential growth rate r
- take R = 1+µr

• data requirements coincide with usual data collection for cases
during outbreaks:

- time of symptom onset
- source of infection, if known

• potential for incorporating other information
- molecular sequence of pathogen
- characteristics of host (spatial location, gender, age, etc)
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Limitations of using transmission trees

• requires some assumptions for reconstructing trees
- links are missing at random
- all infectious contacts are independent, that is, all cases are

considered equally infectious
- all cases are observed
- generation interval has a stationary distribution
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