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Genetic Epidemiology

Who infected whom?

A formal model... MCEB, June 13 2016 2 /19



Genetic Epidemiology
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Who infected whom?

Phylogenetic tree describing the evolutionary relationships of full-length porB gene sequences

of the high-level ceftriaxone-resistant Neisseria gonorrhoeae strain H041 compared with those of
previouslv published N. aonorrhoeae penA mosaic isglates (11).
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Staphylococcus aureus

@ Gram-positive bacteria
@ usually found in nose and skin

@ usually not harmful
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Staphylococcus aureus

@ Gram-positive bacteria
@ usually found in nose and skin

@ usually not harmful

BUT
it is the most frequent cause of hospital bacteremia

used as a proxy of poor infection control
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MRSA

Meticillin Resistant Staphylococcus Aureus

resistance to a class of antimicrobials
the 3 - lactams (pennicillins, cefalosporins, carapenems)

All in a single genetic element!
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the SCCmec cassette

First seen 6 months after the introduction of Meticillin
At the beginning just present in few hospital strains.
Now present everywhere.
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Genetic Epidemiology of MRSA Staph: an example

Samples from patients (and some staff) in an ICU collected and tested
sistematically everyday for 3 months
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Ledda et al; in preparation
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Genetic Epidemiology of MRSA Staph: another example

Samples from an outbreak in Brighton in 2007

EMRSA-16

Brighton
lonal variant

Miller et al. 2013
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Genetic Epidemiology of MRSA Staph: another example
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Aim of the work

Can we produce a tool that given a phylogenetic tree tells us:
o if there is an outbreak
@ where is the outbreak (on the tree)
@ when it started

@ how strong it is
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so that we can trigger public health responses
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Outbreak = Clonal Expansion?

Outbreak as a medical expression is not necessarily linked to population
genetics.

Clonal expansion: a subpopulation has recently become abundant and
widespread.

Proc, Nal. Acad. Sci
{3 obon, A5 Sy 1093
Population Biology

How clonal are bacteria?

JOHN MAYNARD SMITH, NOEL H. SMITH, MARIA O'ROURKE, AND BRIAN G. SPRATT*
96, United Kingiom

Contibuted by John Maynard Smith, January 25, 1993
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n (@) The samples analyzed may consist of a mixture of

A formal model... , June 13 2016 9 /19



MLST could not detect the different clonal subpopulations
Whole genome sequencing can

More and more full genome sequences

More outbreaks of MRSA Staph. in the last 20 years

More resistance
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Our approach

15

Tsep: time at which the two
population split - no migration

) ~ Texp: time at which the expanding
- population starts to expand

EL‘ AW «: expansion rate
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Our approach

Taking into account this model we developed a
Monte Carlo Markov Chain
that infers

@ the expansion rate «
@ the clade where the expansion starts
@ the ratio between the two subpopulations (assuming/non assuming fair sampling)

Likelihood:
Non expanding population
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Drummond et al. 2002
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Bounded Coalescent

All the expanding supopulation has
. to coalesce before it merges into the
other.
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We have a boundary condition for
Texy .
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Bounded coalescent

15

Rasmussen and Kellis 2012
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Bounded Coalescent

Formula 1 in Rasmussen and Kellis should be

[T P(5li. V)
P(Turea < K, tilk, N)
ﬁ P(tilj, N)P(Tmrea < t* — Zf:j tilj — 1, N)

P(t2, ..., teltmrea < t*, k, N)

k A
=2 P(Tmrca < Z,-:Hl tilj, N)
where
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Tavare 1984
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Example 1: expansion rate 20
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Example 2: expansion rate 50

posterior distibution of the branch
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Example 2: expansion rate 100

posterior distibution of the branch
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Ongoning and future work

extended to non-ultrametric trees

it is pathogen-indipendent

relax the fair sampling hypothesis

infer times, not clades

infer multiple expansions at different expansion rates

relax the fair sampling hypothesis

Approaches to monitor clonal expansion in (almost) real time
Understand the molecular bases of observed clonal expansion

Relations between extent of antibiotic resistance and rate of clonal
expansion
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