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Overarching motivation

Can we use viral genetic data to :
* Trace who-infected-who?
e |dentify missing cases?

e Estimate the case detection rate from
a partially observed sample?



T OF—

THE ROyAL 0
H'OC. R. Sar D rana.

SOCIETY
COMPUTATIONAL

OPEN 8 ACCESS Freely available online @. PLOS ‘ BIOLOGY

. Bayesian Reconstruction of Disease Outbreaks by
. Combining Epidemiologic and Genomic Data

Thibaut Jombart*, Anne Cori, Xavier Didelot, Simon Cauchemez, Christophe Fraser*, Neil Ferguson

MRC Centre for Outbreak Analysis and Modelling, Department of Infectious Disease Epidemiology, School of Public Health, Imperial College London, London, United

Kingdom
. ~ ~~t.and-Mouth Disease Virus

OPEN
a ACCEss Freely available online

n‘ '.
@PLOS / g%ng;ATIONAL

r

Samue] So
ube 3
o » Donald p, King?, Danjey T.
. el T. Haydon '+

Tinstitute of Biodj

e :
w Haws 25 e

2Gentre 1 o viom, , New 285, Lond0™ =~
GCorp s ALY ol D';i‘:wciﬁ 7HT,

. . n
s et Infectio® streets 10
it of n K@?Pgi S



Overarching motivation

Can we use viral genetic data to
* Trace who-infected-who?
* |dentify missing cases?

e Estimate the case detection rate from
a partially observed sample?



Known
knowns

>~ Known
~unknowns

Unknown
unknowns
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Unknown
unknowns




Key Questions

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

* How many mutations typically arise
post transmission?

 What proportion of sampled IPs |eft
descendants that we sampled?



The 2001 UK FMDV outbreak

* First case reported 23 Feb. 2001

e Last case reported 30t Sep. 2001

e 2026 officially recognized IPs

* |Ps culled asap following reporting

e 7455 farms pre-emptively culled

* Whole genome sequences from 684 IPs



Length of the phylogeny = 3058 mutations

Phylogeny
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Clock ~ just over 1 mutation fixed/week
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D mutations per IP

P1 12 / 3 = Total of 4 IPs
P2
P3
P1 o000
P2
P3
00,0, ML

9/3=3IPs (+1 for the iIndex case)



15/ 3 =5 IPs (+1 for the index case)



15/ 3 =5 IPs (+1 for the index case)

How to estimate D?



We need to identify
‘mother daughter’ pairs

A daughter should be related to a mother
according to:

e Temporal criteria
e G@Genetic criteria
 Perhaps spatial criteria



Temporal criteria \/

Lesion ageing
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e E——
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For each of the 683 daughters
Find putative mother IP which:
e Fits timing criteria Vv

e Minimizes D v
e Minimizes M v



Average # mutations

on an IP :-




#IP
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Frequency distribution of D

Mutations per IP (D)



Phylogeny RESET LAYOUT
Sampling date v

1P1679
. 1P1723
1P1641

@ 1P1799
1P1648
@ 1P1649
@ 1P1720
) IP1644
. @ IP1772
@ 1P1763
| @ 1P1722
: 1P1725
1P1633 o
il O IP1616
) 1P1681
©® P1676
@ 1P1762
= e @ I1P1750
IP1668
@ 1P1735
- @ 1P1956
1P1673
1P1693
@ 1P1664
Q) 1P1656
@ 1P1678
- @ 1P1674
() 1PB75
i) 1P1663
IP1749
1P1751
@ P1771
@ 1P1773
IP1705
1P1651
‘ IP1675
IP1624 |
@ 1P1708
—) 1P1607
@ 11753
@ 1P1682
@ 1P1812
@ 1P1831
1P1575
iP1373
@ 1P1650
@ 1P1612

1P1829
1P1836
) 1P1824

‘ 1P1830
IP558

0.0015 { 0.0020 0.0025 0.0030 0.0035 0.0040 0.0045




Prop IPs that left descendants (P,,) =

Sum of Internal branch lengths x[- +H]

Tree length x H

P =0.49



#IP
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Mother-Daughter distance
distribution

distance = 4.5 (n=314)

Cottam et al 2008
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# IPs In tree = Tree Length / -




Tree length = 3058 mutations
D, <2.66 el

# IPs ‘In’ tree 21150

684 ‘known knowns' [ =

004

1150 — 684 = 466 ‘known unknowns’



# IPs ‘In’ tree = 1150













@ An observed IP that left observed descendants

An unobserved IP that left observed descendants




@ An observed IP that left observed descendants

An unobserved IP that left observed descendants

0.49 x 684
Pops = =0.42
0.49x684 + 466




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

Thus we estimate the total outbreak size
was ~ 1628






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)



Estimated outbreak size

1500 2000

1000
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150 200 250 300
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100
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: Japan 2010
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Future Directions

 Understand more about the rarefraction
dynamics

* How does tree length depend on
sampling intensity?

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

* More parametric approaches based on
branching structures



Mutations arise fairly uniformly over the genome

1937

Cumulative number of
variable sites

0 Position along genome 8192
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