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Overarching motivation

Can we use viral genetic data to : 
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• Identify missing cases?
• Estimate the case detection rate from 
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Key Questions

• How many mutations typically arise 
on an infected premise (IP)? 

• How many mutations typically arise 
post transmission? 

• What proportion of sampled IPs left 
descendants that we sampled?



The 2001 UK FMDV outbreak

• First case reported 23rd Feb. 2001
• Last case reported 30th Sep. 2001
• 2026 officially recognized IPs
• IPs culled asap following reporting
• 7455 farms pre-emptively culled
• Whole genome sequences from 684 IPs



Genetic distance (mutations per site) from the base

Length of the phylogeny = 3058 mutations
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How to estimate D?



We need to identify 
‘mother daughter’ pairs

A daughter should be related to a mother 
according to:

• Temporal criteria
• Genetic criteria
• Perhaps spatial criteria



Infected Lesions Infectious Culled
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3-6 d 0-1 d

Lesion ageing

Temporal criteria ✓
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For each of the 683 daughters

Find putative mother IP which:

• Fits timing criteria ✓
• Minimizes D ✓
• Minimizes M ✓
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Average # mutations 

on an IP Dav=



Frequency distribution of D

Mutations per IP (D)

Dav = 6.18
n = 634





[        ]
Prop IPs that left descendants (Pm) = 

Sum of Internal branch lengths x Mav Dav+

Tree length x Dav

Pm = 0.49 



Trimmed frequency distribution of D

n = 314 (49%)
Dav ≤ 2.66
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Mother-Daughter distance 
distribution

Mother-Daughter distance 

Average Mother-Daughter 
distance = 4.5 (n=314) 

Av. 4.3

Cottam et al 2008
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Tree length = 3058 mutations

Dav ≤ 2.66

# IPs ‘in’ tree ≥1150

684 ‘known knowns’

1150 – 684 ≥ 466 ‘known unknowns’



# IPs ‘in’ tree = 1150

= 684
= 466
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An observed IP that left observed descendants

An unobserved IP that left observed descendants



0.49 x 684

0.49x684 + 466     
= 0.42

+
P’obs = 

P’obs = 

An observed IP that left observed descendants

An unobserved IP that left observed descendants



So the 684 cases we observed constitute 
42% of the outbreak

Thus we estimate the total outbreak size 
was ~ 1628



= 684
= 466
= 478



Outcomes

• We can estimate the number of mutations 
arising on IPs

• The distribution of ‘mother-daughter’ 
distances

• The proportion of IPs that left sampled 
descendants

• The minimum number of known unknowns 
‘inside the tree’

• The unknown unknowns ‘outside of the tree’



But how sensitive is this estimate to 
the sample size?

(the proportion of known knowns)



• Japan 173

• 292
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• Understand more about the rarefraction
dynamics

• How does tree length depend on 
sampling intensity?

• Sources of bias, & working with time-
sliced data

• More parametric approaches based on 
branching structures

Future Directions
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Mutations arise fairly uniformly over the genome
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