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Campylobacteriosis in EU
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EFSA SR, 2015



Campylobacteriosis in Belgium

> 8000 reported cases /year

Seasonality of the reported infection (July and August most 

of the cases 
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Epistat, wiv



Incidence rate in 2014

4



Age distribution 2014
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Population at risk : especially children < 5 years and 

young adults between 20-29 years old



Transmission routes and 

sources of Campylobacter
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Source attribution and transmission 

Current epidemiology !!!!!!!
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WHO, 2013 



Campylobacter characterization

- analysis of bacterial isolates below the species/subspecies level 

- phenotypic and/or genotypic

- Generate strain/clone specific data

Typing

Guidelines for the validation and application of 
typing methods for use in bacterial epidemiology 

(Van Belkum A. et al. 2007)

- long term surveillance

- elucidate bacterial transmission patterns

- find reservoirs or sources of infection in humans

- give outbreak support (short term surveillance)



Selection of the 

Campylobacter isolates 

Year
C. jejuni

H MBC

2011 24 32

2012 24 31

2013 24 34

Total 72 97

Monitoring broiler carcass (MBC) isolates

Collected from the official control of Campylobacter in 
broiler meat by the Belgium National Reference Laboratory 
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Period = during 2011, 2012 and 2013

Human (H) isolates

Collected from human cases in Brussels by the Belgium 
Human National Reference Center

Isolates randomly selected
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Antibiotic microbiological resistance 
profile (AMRp)
Sensititre EUCAMP plate

Cut-off values recommended by the 
European Committee on Antimicrobial 
Susceptibility Testing (EUCAST, 
http://mic.eucast.org/Eucast2).

Virulence profile (Vp)
Determination  by PCR and electrophoresis of 
the presence or absence of the gene

Gene Virulent factor involved in:

cadF Binding, adhesion and invasion

cdtA, cdtB 
and cdtC

Toxin production

ceuE Invasion

Lipooligosaccharide (LOS)
class determination
Determination  by PCR and electrophoresis 

Target Virulent factor involved in:

LOS - Binding, adhesion and invasion
- Mimicry of LOS to human 

gangliosides, in particular sialylated
ones present a higher invasion 
potential and may be in the origin of 
Guillain-Barré syndrome.

flaA-RFLP typing
PCR and restriction fragment length 
polymorphism of flagellin gene A 
(PCR/flaA-RFLP)

PCR

Restriction HpYF3I (DdeI)

flaA-RFLP type

Multi Locus Sequence typing  (MLST)
of 7 housekeeping genes: aspA, glnA, 

gltA, glyA, pgm, tkt and uncA
PCR

Sequencing

Sequence type (ST)

Clonal complex (CC)

Typing methods used 

http://mic.eucast.org/
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Simpson's Index of Diversity - indicates the probability of 2 strains sampled 
randomly from a population belonging to 2 different types.

How to compare methods?
Measure the discriminatory ability of typing systems

Adjust Wallace coefficient - indicates directional information concerning the 
agreement between partitions indicating the probability of two isolates with 
the same category in the 1st typing method fall in the same category when 
the 2nd typing method is applied.



Method # partitions Simpson's ID CI (95%)

ST 74 0.975 (0.968-0.983)

flaA-RFLP 48 0.930 (0.906-0.955)

CC 22 0.885 (0.859-0.908)

LOS 6 0.801 (0.778-0.823)

AMRp 14 0.758 (0.720-0.795)

Vp 9 0.148 (0.073-0.222)

Comparison of the different typing methods
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Simpson's index of Diversity (ID )



Which methods to combine ?

13

1st Typing 
method

2nd Typing method
AMRp flaA LOS Vp ST CC

AMRp
0.005

(0.000-0.033)

0.045

(0.000-0.091)

0.000

(0.000-0.588)

0.016

(0.000-0.032)

0.033

(0.000-0.071)

flaA
0.022

(0.000-0.090)

0.256

(0.161-0.351)

0.144

(0.000-0.793)

0.091

(0.053-0.129)

0.271

(0.152-0.390)

LOS
0.058

(0.000-0.128)

0.077

(0.025-0.129)

0.274

(0.000-0.632)

0.092

(0.057-0.127)

0.335

(0.248-0.423)

Vp
0.000

(0.000-0.052)

0.002

(0.000-0.031)

0.012

(0.000-0.048)

0.003

(0.000-0.012)

0.005

(0.000-0.037)

ST
0.199

(0.080-0.318)

0.268

(0.189-0.348)

0.900

(0.827-0.974)

0.672

(0.362-0.982)

1.000

(1.000-1.000)

CC
0.080

(0.008-0.152)

0.156

(0.090-0.221)

0.640

(0.530-0.750)

0.230

(0.000-0.624)

0.195

(0.147-0.242)

AMRp = flaA-RFLP

(p-value = 0,501)

Adjust Wallace coefficient (AW)

AWc
Additional information 
given  by the 2nd method 



Antibiotic
H MBC

(n=72) (n=97)

Chloramphenicol
(Chl)

0,0 1,0

Ciprofloxacin
(Cip)

58,3 40,2

Erythromycin
(Ery)

4,2 3,1

Gentamicin
(Gen)

0,0 0,0

Nalidixic acid
(Nal)

59,7 42,3

Streptomycin
(Str)

9,7 8,2

Tetracycline
(Tet)

63,9 45,4

Antimicrobial resistance AMR(%)

- The human C. jejuni  isolates showed a significant higher 
resistance than the monitoring isolates for  Cip, Nal and Tet 
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LOS class classification

15

• LOS class B and C were the most commonly found for H isolates

• All but the LOS class A were equaly found  MBC isolates

• LOS class A+B+C       H = 66.7 %; MBC= 53,6%



Clonal complex (CC)

16

- CC-21 most frequent CC for H  (18/72) and MBC (21/97) isolates

- The first H and MBC CCs  were the same but in a different order.

CC-607
CC-353
CC-658
CC-49

CC-362
CC-52

CC-658
CC-283
CC-460
CC-353

CC-1034
CC-443
CC-446

CC-1287
CC-42

CC-21
CC-48

CC-206
UA

CC-45
CC-257
CC-464

CC-1034
CC-354
CC-42

UA
CC-21
CC-45
CC-48

CC-464
CC-206
CC-354
CC-257
CC-607
CC-574



Sequence Type (ST)
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Diversity very big

ST-48 

(10/72)

ST-45 ST 50 and

ST-5970

27,8% genetic

overlap 

between H and

MBC isolates

<

Campylobacter sub-population

not transfered to humansCampylobacter from other

sources



Clusters found between 

human and broiler strains 

at 100% 
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Methods Obtained clusters at 100% Good temporal relation

ST (7x) + flaA-RFLP 20 16/20

ST + AMRp 15 11/15

C
C

(1x)+ST(7x)+flaA(1x)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

flaA

fla A30.0

30.0

17.0

21.0

2.0

23.0

24.0

25.0

25.0

21.0

21.0

27.0

27.0

27.0

2.0

22.0

66.0

22.0

21.0

38.0

44.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

7.0

44.0

21.0

58.0

7.0

7.0

7.0

7.0

55.0

34.0

33.0

7.0

54.0

6.0

9.0

21.0

20.0

21.0

18.0

2.0

10.0

10.0

18.0

10.0

4.0

4.0

4.0

37.0

37.0

48.0

18.0

57.0

32.0

21.0

23.0

23.0

31.0

52.0

52.0

21.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

22.0

22.0

22.0

22.0

34.0

50.0

42.0

30.0

30.0

30.0

30.0

30.0

30.0

30.0

30.0

30.0

30.0

46.0

7.0

7.0

7.0

7.0

7.0

36.0

61.0

60.0

26.0

37.0

7.0

4.0

4.0

34.0

34.0

34.0

7.0

7.0

7.0

7.0

7.0

7.0

38.0

61.0

51.0

57.0

17.0

38.0

43.0

6.0

6.0

59.0

53.0

61.0

7.0

28.0

33.0

33.0

24.0

65.0

65.0

39.0

64.0

1.0

38.0

22.0

34.0

23.0

23.0

37.0

32.0

32.0

32.0

45.0

7.0

63.0

6.0

6.0

6.0

6.0

23.0

1.0

1.0

1.0

A
M

RCHL

CIP

ERY

GEN

NAL

STR

TET

Vp

cadF

ceuE

cdtA

cdtB

cdtC

........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... K
ey

12/004

2011-0956

2011-1879

2012-0127

13/206

2012-3028

2013-0460

2013-0156

2013-2709

2011-2155

2012-2947

13/061

2013-1195

2013-1267

2012-2888

2013-3310

11/143

2011-0652

2011-1060

2011-0359

2013-2240

11/034

2011-0522

2012-2435

11/006

11/023

11/169

12/051

13/235

2012-0372

2013-0938

2013-2358

2012-2849

11/158

11/206

2011-2266

2012-0051

2012-0246

11/138

12/231

2011-2362

2012-1911

12/029

2013-2940

2011-2146

2013-1934

2012-1917

2012-3411

2012-2153

2013-058

13/159

2013-3308

12/007

2012-3409

12/141

2011-1821

2013-1386

2011-0454

2012-1446

11/095

2011-0138

12/135

2012-2681

2013-0146

2011-0520

2013-0270

2013-008

11/133

13/069

2012-2519

13/053

2011-1752

12/045

2011-2415

11/152

11/120

12/146

12/214

2011-3437

2012-1690

2012-2011

12/015

13/217

2011-0450

2011-0830

2013-3489

2013-3408

11/127

12/197

2011-2357

2011-1911

13/164

13/028

2013-0239

13/229

2011-0821

2011-1188

2011-2317

2012-2875

2012-3033

11/029

11/182

2012-3421

2013-1428

12/026

12/040

2012-1328

12/087

11/070

2013-2241

13/016

13/082

12/222

11/202

13/193

2011-0823

12/183

2011-1119

13/019

13/031

13/108

11/058

11/089

12/202

2011-0876

2011-4162

2013-0106

11/082

13/074

13/145

13/198

2012-0562

2013-3165

2012-1197

12/073

12/190

12/152

13/087

13/118

2013-0300

2013-1563

13/223

2011-1419

2013-2427

11/163

12/112

2013-1361

11/047

2013-1931

2013-2065

2012-0490

2011-2141

2012-2050

2012-3291

2012-0833

12/058

13/057

2012-2945

11/111

11/189

13/093

2012-2873

2013-1733

2011-0661

2013-3022

2013-0572

2011-0274

2013-0939

12/156

C
C

U
A

U
A

U
A

U
A

C
C

-52

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

U
A

C
C

-257

C
C

-257

C
C

-257

C
C

-257

C
C

-257

C
C

-257

C
C

-257

C
C

-257

C
C

-257

C
C

-607

C
C

-607

C
C

-607

C
C

-607

C
C

-464

C
C

-464

C
C

-464

C
C

-464

C
C

-464

C
C

-464

C
C

-464

U
A

C
C

-353

C
C

-353

C
C

-443

C
C

-443

U
A

C
C

-353

C
C

-354

C
C

-354

C
C

-354

C
C

-354

C
C

-354

C
C

-354

C
C

-658

C
C

-658

C
C

-658

C
C

-460

C
C

-460

U
A

C
C

-446

C
C

-49

C
C

-574

C
C

-574

C
C

-1034

C
C

-1034

U
A

C
C

-1034

C
C

-1034

U
A

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

C
C

-21

U
A

C
C

-206

C
C

-206

C
C

-206

C
C

-206

C
C

-206

C
C

-21

C
C

-21

C
C

-21

U
A

U
A

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-48

C
C

-206

C
C

-206

C
C

-206

C
C

-206

C
C

-206

C
C

-206

C
C

-206

C
C

-206

C
C

-206

C
C

-1287

C
C

-42

C
C

-42

C
C

-42

C
C

-362

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-45

C
C

-283

C
C

-283

C
C

-45

STST-2274

ST-2274

ST-2274

ST-5341

ST-0052

7956

7958

ST-5970

ST-5970

ST-5970

ST-5970

ST-5970

ST-5970

ST-5970

7955

7960

ST-0436

ST-2883

ST-2153

ST-3544

7959

ST-0990

ST-0990

ST-0990

ST-0257

ST-0257

ST-0257

ST-0257

ST-0257

ST-0257

ST-0904

ST-0904

ST-0607

ST-1707

ST-0464

ST-0464

ST-0464

ST-0464

ST-0464

ST-0464

ST-0464

7953

ST-0356

ST-2882

ST-0051

ST-0443

7954

ST-2641

ST-0354

ST-0354

ST-3155

ST-3155

ST-3155

ST-3115

ST-1044

ST-1044

ST-1044

ST-0606

ST-2844

7946

ST-4799

ST-3720

ST-3015

ST-3015

ST-2314

ST-2314

7957

ST-0977

ST-3863

ST-4571

ST-0053

ST-0053

ST-0050

ST-0050

ST-0018

ST-5018

ST-5018

ST-5018

ST-5018

ST-5018

ST-5018

ST-0021

ST-0021

ST-0021

ST-0021

ST-0021

ST-2027

ST-0021

ST-0021

ST-0021

ST-3293

ST-0021

ST-0050

ST-0050

ST-0050

ST-0050

ST-0050

ST-0050

ST-0050

ST-0982

ST-0019

ST-0019

ST-0019

ST-0019

ST-0019

ST-0883

ST-0883

7947

ST-0046

ST-0046

ST-0046

ST-046

ST-0290

ST-0044

ST-0044

ST-2135

ST-0879

ST-0879

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0048

ST-0492

ST-0038

ST-0572

ST-0572

ST-0572

ST-0572

ST-0572

ST-0572

ST-0572

ST-0122

ST-0122

ST-0945

ST-0042

ST-0042

ST-0042

ST-2993

ST-0583

ST-0583

ST-0137

ST-0538

ST-0045

ST-0045

ST-0045

ST-0045

ST-0045

ST-0045

ST-0045

ST-0045

ST-0045

ST-0418

ST-0418

ST-0045

ST-0045

ST-0025

ST-0267

ST-0267

ST-0334

LO
S C

lass

++++DA+++++++++EED+A+DDDDDDDDDBBBCBBBBBBBBDCEEECDDDDDEDDDBBBDABBBAAAD+CCCBCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAA+CCCCCCCCCCBBBBBBBBBBBBBBBBBBBBBBB+ADBBB+EEEEEEEEEEEEEEEDD+EEE

Year

2012

2011

2011

2012

2013

2012

2013

2013

2013

2011

2012

2013

2013

2013

2012

2013

2011

2011

2011

2011

2013

2011

2011

2012

2011

2011

2011

2012

2013

2012

2013

2013

2012

2011

2011

2011

2012

2012

2011

2012

2011

2012

2012

2013

2011

2013

2012

2012

2012

2013

2013

2013

2012

2012

2012

2011

2013

2011

2012

2011

2011

2012

2012

2013

2011

2013

2013

2011

2013

2012

2013

2011

2012

2011

2011

2011

2012

2012

2011

2012

2012

2012

2013

2011

2011

2013

2013

2011

2012

2011

2011

2013

2013

2013

2013

2011

2011

2011

2012

2012

2011

2011

2012

2013

2012

2012

2012

2012

2011

2013

2013

2013

2012

2011

2013

2011

2012

2011

2013

2013

2013

2011

2011

2012

2011

2011

2013

2011

2013

2013

2013

2012

2013

2012

2012

2012

2012

2013

2013

2013

2013

2013

2011

2013

2011

2012

2013

2011

2013

2013

2012

2011

2012

2012

2012

2012

2013

2012

2011

2011

2013

2012

2013

2011

2013

2013

2011

2013

2012

O
rigin

HM
BC

M
BC

M
BC

HM
BC

M
BC

M
BC

M
BC

M
BC

M
BC

HM
BC

M
BC

M
BC

M
BC

HM
BC

M
BC

M
BC

M
BC

HM
BC

M
BC

HHHHHM
BC

M
BC

M
BC

M
BC

HHM
BC

M
BC

M
BC

HHM
BC

M
BC

HM
BC

M
BC

M
BC

M
BC

M
BC

M
BC

M
BC

HM
BC

HM
BC

HM
BC

M
BC

M
BC

M
BC

HM
BC

HM
BC

M
BC

M
BC

M
BC

M
BC

HHM
BC

HM
BC

HM
BC

HHHHM
BC

M
BC

M
BC

HHM
BC

M
BC

M
BC

M
BC

HHM
BC

M
BC

HHM
BC

HM
BC

M
BC

M
BC

M
BC

M
BC

HHM
BC

M
BC

HHM
BC

HHM
BC

HHHHHM
BC

HM
BC

HHHHHHM
BC

M
BC

M
BC

HHHHM
BC

M
BC

M
BC

HHHHHM
BC

M
BC

HM
BC

M
BC

HHM
BC

HM
BC

M
BC

M
BC

M
BC

M
BC

M
BC

M
BC

HHM
BC

HHHM
BC

M
BC

M
BC

M
BC

M
BC

M
BC

M
BC

H

A
ge

0.9

42.1

1.4

19.8

1.6

1.6

11.5

0.7

1.8

79.3

3.6

59.1

89.7

1.6

30.4

1.9

1.7

80.9

1.1

20.9

4344.9

1.9

0.4

13.3

2.7

27.1

13.8

35.6

4.9

1.8

2.5

13.3

38.9

59.8

300.5

49.6

4.6

3.1

0.5

1.1

5.1

23.7

2.3

1.2

33.9

0.3

70.5

3.1

2.6

12.3

10.1

4.2

13.6

7.4

2064.5

0.2

2.5

2.1

0.8

7.4

0.3

32.6

67.9

65.9

62.9

46.6

G
ender

FFMFFMMMFFMFFMMFFMMMFMFFFMMMMFMMMMFMFFFMMMMFMMFMMFMMFMMMFMFMMMFMMMMFMMFM

D
isease associated

G
EA

D
iarrhea

G
EA

G
EA

G
EA

G
EA

G
EA

G
EA

G
EA

Tuberculosis

G
EA

G
EA

G
EA with dehydration

G
EA

G
EA

G
EA

G
EA

G
EA with dehydration

G
EA with dehydration

G
EA

G
EA

G
EA

G
EA

N
o clinical data

G
EA

G
EA

G
EA

G
EA with dehydration

C
olitis

G
EA

N
o clinical data

G
EA

G
EA

Asym
ptom

atic carrier

G
EA

G
EA

N
o clinical data

G
EA

C
olitis

G
EA

G
EA

Abdom
inal pain

G
EA with dehydration

G
EA

G
EA

G
EA

N
o clinical data

Flu state

G
EA

G
EA

G
EA

G
EA

G
EA

G
EA

G
E persistent

N
o clinical data

G
EA

G
EA

N
o clinical data

G
EA with dehydration

G
EA

G
EA

G
EA

G
EA

G
EA

G
EA

C
olitis

D
iarrhea

G
EA

G
EA

G
EA

G
EA

Specie

......................................................................................................................................................................... B
 ST

......................................................................................................................................................................... B
 C

C

............................................................................................................................................. Vp......................................................................................................................................................................... A
M

R
p

......................................................................................................................................................................... flaA

......................................................................................................................................................................... A
ge groups

........................................................................

ST (7x) + flaA-RFLP(1x)



19

o The resistance of C. jejuni strains to Cip, Nal and Tet was higher for 
human isolates compared to the broiler isolates.

o Cip+Nal+Tet the most prevalent AMRp.

o By using MLST typing together with the flaA typing a very good 
discriminative power could be obtain 

o A bigger variability was found in broiler isolates compared to the 
human ones by all typing techniques, specially by using the  ST

o By using flaA-RFLP, Sequence typing (ST) and Clonal complex (CC) it is 
clear that poultry meat is a source of human infections.(28,7%)

o Not all types of Campylobacter present on the poultry carcass causes 
human illness

o In humans also other strains from another origin are causing human 
infections.

Conclusions



Thank you for listening!
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