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Salmonella
Campylobacter
E.coli O157
Clostridium perf.
Listeria

Total

16,987

62,867
1,147
166
113

81,280

Foodborne iliness in the UK
Food Standards Agency figures for 2000

20.9%

77.3%

1.4%

0.2%

0.1%

$8bn
Annual cost to US economy
Buzby et al. JID (1997)
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Poisson point process



e Temporal variation

x Day of week effect: less cases reported during the week-end.

Monday  Tuesday = Wednesday @ Thursday  Friday  Saturday  Sunday
151 192 171 174 153 29 11

x Decreasing trend: 25% reduction year-on-year.

20 -
Weekly report
15 4
e harvest
10 - )
® spring
5 -
summer
o - | J -' L} L}
2000 2001 2002 @ autumn

x Annual and 4-monthly periodicity.

(» period = 12 months

period = 4 months

spectrum

0 0.1 0.2 0.3 0.4 0.5
frequence



Seasonal patterns
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MLST: Multi-locus sequence typing
477bp aspA

A7TbpginA N\

1.6 million bp genome

MLST: 3300 bp in total
(0.2%)

402bp gltA

/

498bp pgm °
/ N\t 4596

489bp uncA glyA 507bp
Multi-locus sequence typing (MLST)



st aspA ginA gltA glyA pgm tkt uncA freq
21 O 2 1 1 3 2 1 5 116
104 @ 2 1 1 3 7 1 5 54
53 @ 2 1 21 3 2 1 5 40
50 O 2 1 12 3 2 1 5 38
19 O 2 1 5 3 2 1 5 24
120 A 21
257
. 80 48 104
5 4
é 60 - I 53 50
I I 19
61
20 - I 574
" HE

Multi-locus sequence typing (MLST)

Sequence Type
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Genetic inhomogeneity in Campylobacter jejuni
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Figure 1. Number of nucleotide differences between each pairs of alleles at the seven loci. When C. coli-
derived alleles are removed, the red portion of the histogram disappears.
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Putatative Putatative
Campylobacter jejuni Campylobacter coli
isolates isolates
ST aspA ginA gIltA glyA pgm tkt uncA ST aspA ginA gitA glyA
21 2 1 1 3 2 1 5 | 825 33 39 30 82
2579 2 462 4 5 6 | 826 33 39 30 114
66 2 4 5 2 7 1 5 832 33 39 30 79
61 1 4 2 2 6 3 17 868 81 104 81 113
ST aspA ginA gIltA glyA pgm tkt uncA
61 1 4 2 2 6 3 17

Allele frequency

C.jejuni 0.13 0.14 0.15

C. coli

0

0

0.01

0.18 0.06 0.18( 0.04

0.01

0

0.01\ 0.48

Population Structure: identifying hybrids
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C. jejuni — C. coli hybrids

3 sequence types, 20/881 isolates (2.2%)

ST 61 ST 1933
) )
= =
asp, 1 gind, 4 glits, 2 glyd, 2 pom 6 tht 3 unca, 17 aspd 33 gind 2 gt 1 glyd 3 pam 10 tht 3 unca, 6
ST 350 ST 1934
) )
(o] (o]
asps 7 gind 4 gitd & glyd 63 poimn 93 tht 3 uncA, 46 aspd 33 ging 39 ghas gy, 2 pgm 113 tht 47 uncA 17
ST 1869 ST 2383
) )
[y} [y}
= =
asps 2 gnd gita 30 glyd S pom 2 tht 1 unca 5 asps 176 ogind 4 gt 2 glyd 2 pom & tht 3 unca 17

Population Structure: identifying hybrids
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Table 1. Estimates of evolutionary parameters in Campylobacter jejuni.

Parameter Units A posteriori A priori

Point estimate 95% C.I. a5% C.1.

Sequence model

8 Total mutation rate Kb~ (2Ng) 21 - 180
Bs Synonymous mutation rate kb (2N.g)” 1.9 — 170
By, MNon-synonymous mutation rate Kb~ (2Ng) 0.2 - 10

By Meutral mutation rate kb~ (2N 58 — &10

K Transition-transversion ratio 33 - 180
& dN/dS ratio 0.0022 - 018
fiis Recombination rate bhetween distant loci ANz 2107 - Bx=1D°
I Recombination rate kb~ (2N 00014 - T2

T Mean DMA import length kb 0.015 - 6300

The geometric mean was used to obtain point estimates. The (2. 5%, 97 .5%) quantiles were used to calculate the 95% credible intervals (C.1).
All priors were uniform on the logarithmic scale.

Coalescent modelling with ABC
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4 500 BC 7
(1500 -
10 000 BC)

present

Common ancestor

Domestic pig domestication in the
Paris Basin, circa 4000 BC
Larson et al. PNAS (2007)

gene flow

L
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Campylobacter jejuni Campylobacter coli
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©J Campylobacter jejuni and Campylobacter coli MLST Home Page - Mozilla Firefox

File Edit VYiew Go

GG

Bookmarks Tools Help

_‘ @ \l_] http://pubmlst.orgfcampylobacter/

V‘ @ Go “Q,pubmlst

Navigation

- PubMLST
MLST Home
Search / site map

- Software
Bio-Linux
Web tools
Software

- Databases

A. baumannii

A. fumigatus

B. cereus
Bordetella

. burgdorferi
cepacia

fetus
helveticus

. insuwlaenigrae
Jejuni & C. colf
krusei

lart
upsaliensis
tropicalls
pylori
pheurmnoniae

L. monocytogenes

RIONDOOOHOOOODD

P. aeruginosa
P. gingivalis
S, agalactiae
S. uberis
Streptomyces
I/, vuinificus
Wolbachia

+ Mirrors
+ Developers

The Campylobacter MLST database has undergone re-organisation to split allelic profiles from isolate data.
The original MLST database has become PubMLST and a new profiles database has been created. Further
details about the database structure can be found here,

« Information
+ Access main databases

Policy document

Subrnission of data
Subrnission history
Mews and updates

* o 0 0

mistdbNet software

Other software

Related links

Recent publications using MLST in Campylobacter research

* o * 0

2006-11-01: Database submissions - We are now using an autornated systemn for
submitting new data to the database curators. Instructions | Log in

The use of this database is subject to the terms of the policy docurment and it should be acknowledged in all
publications that make use of it, The preferred format for the acknowledgement can be found in the
right-hand sidebar.

Website and database managed by Keith Jolley, curated by Alison Cody and Frances Caolles,

The primary Campylobacter jejuni MLST website is hosted at The Peter Medawar Building for Pathogen
Research, University of Oxford, UK. Initial development funded by the Wellcome Trust,

Citing the
database

The preferred format for
citing this website in
publications is:

This publication made use of
the Campylobacter jejuni
Multi Locus Sequence Typing
website (http://pubmlst.org/
campylobacter/) developed
by Keith Jolley and
Man-Suen Chan and sited at
the University of Oxford
(Jolley et al. 2004, B8MC
Bioinformatics, 5:86). The
development of this site has
been funded by the
Wellcome Trust,

Related
databases

. fetus

. helveticus

. insulaenigrae
. lari

. upsaliensis

OOOO0O

Status

Profile database
Profiles: 2914
Last updated: 2007-06-19

Isolate database
Isolates: 4453
Last updated: 2007-06-19

Done



CATTLE cattle 212

beef offal or meat 47

calf 12

cows milk 11

calf faeces

cattle faeces 284
CHICKEN chicken 222

chicken offal or meat 153

chick 17 392
BIRD wild bird 172

starling 71

goose faeces 25

turkey 22

goose 12

duck 7

starling faeces 4 313
ENVIRONMENT sand (bathing beach) 52

environmental waters 28

soil 3

potable/drinking water 2 85
SHEEP sheep 84

lamb offal or meat 74

lamb 10

sheep faeces 2 170
PIG pig 35

pork offal or meat 10

piglet 1 46




human bloC
human stool
human unspecifie
marmoset

ostrich

other animal
rabbit
nspecified
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Haplotype structure in human isolates

NOVEL
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Haplotype structure in human isolates
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i Attributing novel genotypes

m ST 574: 7 53 2 10 11 3 3

= Human-specific, but similar to...
= ST 305: 9 53 2 10 11 3 3
= ST 713: 12 53 2 10 11 3 3
= ST 728: 4 53 2 10 10 3 3
=« ST 2585: 7 2 3 10 11 3 3

= All these found in chicken, so the likely
source is chicken
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Model C: unlinked 7 [ it 7 is unique

NG =k)=]]

! (1 1, VB o)

;10

otherwise

14
. . . v g ~ . '!'l }
where (4 18 the population-specitic probability of mutation, ng) = SAJ . j(m)
m=1
and My, 18 the probability that a gene sampled trom population & 18 a migrant

~ . j‘ . . . ~ ~
trom population m:. Bﬁk) 1¢ like a weighted gene trequency that accounts for

migration.

Model D: evolutionary model with linkage disequilibrium

Assuming that linked loct are unlinked can cause spurious results. Suppose that the ith human
1zolate 18 a copy of one of the anumal’environmental isolates, except for differences caused by
mutation and recombination events. Mutation generates novel alleles. Recombination generates
(potentially) novel combinations of alleles.

1, if H, W js unique

: - Mz, 0y
G, =k)=>] ¥ ‘11T (1- 14, )R, BH% elseif AW =1

R [ BT ) - BH%HI 1, X1-R, ) elseif H" =y

Here the “template” isolate 18 ¢, which has known source population X, and allelic profile
, A1 2 7 . . L. - .. . .
Y, = l}c( ),IC( )....‘}C( )J. N 1z the total number of izolates of known origin, N; the number in
population /, and Ry 18 the population-specific probability of recombination.



Does it work?
i Empirical cross-validation

= Split sequences of known origin into two groups.
Treat one group as having unknown origin (pseudo-
human cases)

= Infer the proportion of pseudo-human cases drawn
from each source population

= Repeat 100 times to study the performance of the
method



Simulation and empirical cross-validation
i Results: Linked model

Unlinked model

Predicted Correct 0.86
Actual Correct 0.56
Coverage CATTLE 22
CHICKEN 85
BIRD 81
ENVIRONMENT 63
SHEEP 16

PIG 89




i Case-by-case: probability of source

WILD BIRD
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Source probability
0.4 0.6

0.2

0.0

200 400 600 800 1000 1200
Human cases




i Gene flow between source populations

CATTLE SHEEP

|




iTraCing the source of infection: results

CHICKEN CATTLE SHEEP BIRD  WATER RABBIT  SAND

o
—

08
1
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0.2
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Tracing the host species of human
food-borne infections

= Infected meat principal source (97%)

= No evidence for environment or wild birds
as a major transmission route

= Prevention strategies:
= Enhanced on-farm biosecurity
= Interrupting transmission chain




