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Campylobacter: recent knowledge 
using genomics and metagenomics
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Unit Hygiene and Quality of Poultry and Pork Products

Reference activities: 4 NRLs
• Salmonella
• Avian salmonellosis
• Campylobacter
• Avian botulism

Research activities
Control of zoonotic
pathogens in poultry
and pig productions 
using a multifactorial
approach

 30 members

Expertise
National, EU and 
international levels
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Farms Slaughterhouses Retails Consumers

Salmonella

Campylobacter

Listeria

Yersinia

Clostridium

 Prevalence and molecular epidemiology
 Host-pathogen interactions

 Control measures

Control of zoonotic pathogens in poultry and pig productions using a multifactorial approach

Products safety

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p=%C3%A9levage+poulets+de+chair&b=21&ni=20&ei=utf-8&y=Rechercher&pstart=1&fr=yfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id=11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
http://fr.wrs.yahoo.com/_ylt=A0WTf20SmgZLCTABR3hlAQx.;_ylu=X3oDMTBpdDZuNzZrBHBvcwM5BHNlYwNzcgR2dGlkAw--/SIG=1iqa30k5t/EXP=1258810258/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p=fourchette&ei=utf-8&y=Rechercher&fr=yfp-t-703&w=266&h=400&imgurl=www.cvm.qc.ca/photographie/expo2004/toutant/images/Fourchette.jpg&rurl=http://www.cvm.qc.ca/photographie/expo2004/toutant/pages/Fourchette.htm&size=12k&name=Fourchette+jpg&p=fourchette&oid=30c120b4b148e612&fr2=&no=9&tt=21228&sigr=127jo7qbr&sigi=121tp5amr&sigb=12vv3u0a3&type=JPG
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 Prevalence and molecular epidemiology
• Epidemiological investigations: traceback, source attribution 

studies (Salmonella, Campylobacter,  Yersinia, Clostridium) 
• New tools when culture based methods are difficult to implement 

(C. botulinum)
 Host-pathogen interactions 

• virulence determinants, colonization, gut microbiota: Salmonella, 
Campylobacter in poultry and pig productions

 Control measures
• Impact of gut microbiota: Salmonella, Campylobacter in poultry 

and pig productions

How sequencing can help to address our research 
questions?
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Control measures

metabarcoding: 
metagenomic approach 

Prevalence and molecular
epidemiology

source attribution: genomic 
approach 

How sequencing can help to address our research 
questions?

What is the part of 
human 

campylobacteriosis 
attributable to broilers 

and to other animal  
sources?

How the microbiota 
can contribute to 

improve the control 
measures in broilers to 

prevent or reduce 
Campylobacter

shedding?

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p%3D%C3%A9levage%2Bpoulets%2Bde%2Bchair%26b%3D21%26ni%3D20%26ei%3Dutf-8%26y%3DRechercher%26pstart%3D1%26fr%3Dyfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id%3D11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
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Zoonoses EU, 2017

(EFSA, 2019)
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Relative importance of RF for 
sporadic campylobacteriosis

(EFSA, 2010)

Risk factors



8

Food sources

 80%  to poultry and 20-30% to poultry meat (Efsa 2013)
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Control measures

metabarcoding: 
metagenomic approach 

Prevalence and molecular
epidemiology

source attribution: genomic 
approach 

How sequencing can help to address our research 
questions?

What is the part of 
human 

campylobacteriosis 
attributable to broilers 

and to other animal  
sources?

How the microbiota 
can contribute to 

improve the control 
measures in broilers to 

prevent or reduce 
Campylobacter

shedding?

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p%3D%C3%A9levage%2Bpoulets%2Bde%2Bchair%26b%3D21%26ni%3D20%26ei%3Dutf-8%26y%3DRechercher%26pstart%3D1%26fr%3Dyfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id%3D11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
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 Large investigations: animal sources

Campylobacteriosis source attribution in 
France

(PhD 2014-2017)

EU baseline, 
NCPs

Local, on 
voluntary

basis

Major 
abattoir

Collaboration: IFREMER and NRC 

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p=%C3%A9levage+poulets+de+chair&b=21&ni=20&ei=utf-8&y=Rechercher&pstart=1&fr=yfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id=11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
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? ?

?

Source attribution

Campylobacteriosis source attribution in 
France

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p=%C3%A9levage+poulets+de+chair&b=21&ni=20&ei=utf-8&y=Rechercher&pstart=1&fr=yfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id=11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
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MLST
(Maiden et al., 1998)

Whole Genome
Sequencing

15 HS markers
(Thépault et al., 2017)

CGF40
(Taboada et al., 2012)
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Campylobacteriosis source attribution in 
France

 Bionumerics (Applied Math v6.5) & PubMLST database: MLST alleles designations
 BIGSdb (Jolley & Maiden, 2010): Bacterial Isolate Genome Sequence database

(Genome Comparator for wg MLST)
 Structure (Pritchard et al., 2010): probabilistic assignment of human isolates to a 

source
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644 691 161 122

392 195 55 98

CGF40

MLST

WGS

644 119 55 39

371

79

143

42

79143

2009 2015

Campylobacter jejuni isolates
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ST-61 complex

ST-22 complex

ST-48 complex
ST-21 complex

ST-21 comple

ST-48 complex

ST-21 complex

FR chicken

UK chicken UK ruminants
FR ruminants

15 HS markers for source attribution

 Potential improvement of sensitivity
in the probabilistic assignment

ST-42 complex
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15 HS markers : the most accurate
MLST: 2nd
CGF40: the less accurate

Campylobacteriosis source attribution in 
France
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Campylobacteriosis source attribution in 
France
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Prevalence and molecular
epidemiology

source attribution: genomic 
approach 

How sequencing can help to address our research 
questions?

What is the part of 
human 

campylobacteriosis 
attributable to broilers 

and to other animal  
sources?

 HS markers : better sensitivity (MLST) 
and CGF40 : not suitable 

 Chicken reservoir: highly implicated in 
human contamination 

 Ruminant reservoir: significant role in 
French campylobacteriosis

Source attribution: yearly basis

 Risk management tool: adapt control 
measures
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Control measures

metabarcoding: 
metagenomic approach 

Prevalence and molecular
epidemiology

source attribution: genomic 
approach 

How sequencing can help to address our research 
questions?

What is the part of 
human 

campylobacteriosis 
attributable to broilers 

and to other animal  
sources?

How the microbiota 
can contribute to 

improve the control 
measures in broilers to 

prevent or reduce 
Campylobacter

shedding?

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p%3D%C3%A9levage%2Bpoulets%2Bde%2Bchair%26b%3D21%26ni%3D20%26ei%3Dutf-8%26y%3DRechercher%26pstart%3D1%26fr%3Dyfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id%3D11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
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Prevalence primary production flocks EU
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Control measures primary production
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Reduction in live animals

Farms Slaughterhouse ConsumersRetail

Reduction on carcasses

Reduction of campylobacteriosis

Reduction on products

Control measures primary production

http://fr.wrs.yahoo.com/_ylt=A0WTf20SmgZLCTABR3hlAQx.;_ylu=X3oDMTBpdDZuNzZrBHBvcwM5BHNlYwNzcgR2dGlkAw--/SIG=1iqa30k5t/EXP=1258810258/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p%3Dfourchette%26ei%3Dutf-8%26y%3DRechercher%26fr%3Dyfp-t-703&w=266&h=400&imgurl=www.cvm.qc.ca/photographie/expo2004/toutant/images/Fourchette.jpg&rurl=http://www.cvm.qc.ca/photographie/expo2004/toutant/pages/Fourchette.htm&size=12k&name=Fourchette+jpg&p=fourchette&oid=30c120b4b148e612&fr2=&no=9&tt=21228&sigr=127jo7qbr&sigi=121tp5amr&sigb=12vv3u0a3&type=JPG


22

Biosecurity
Additives

Vaccination

Reproducibilty, variability 

Role of gut microbiota

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p%3D%C3%A9levage%2Bpoulets%2Bde%2Bchair%26b%3D21%26ni%3D20%26ei%3Dutf-8%26y%3DRechercher%26pstart%3D1%26fr%3Dyfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id%3D11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
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Microbiological Approach
Campylobacter detection and 

enumeration NF-ISO 10272

Caeca

21 or 35-day old chicks from control or treated 
groups (litter and drinking water)

Metabarcoding Approach

DNA extraction

16S region
amplification

Next Generation
Sequencing (NGS)

Bioinformatic
processing

V3

V4

DNA database

Bacterial composition 
identification Statistical analyses

No significant difference between control 
and treated groups in Campylobacter loads 

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p=%C3%A9levage+poulets+de+chair&b=21&ni=20&ei=utf-8&y=Rechercher&pstart=1&fr=yfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id=11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
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Community diversity 
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Control Treated Control Treated

D21 D35 D21 D35 D21 D35 D21 D35

Community diversity 
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D21 D35 D21 D35

Group

Age

UNIFRAC Index
Community structure 



27

Faecalibacterium

Contro
l D

-35

Litte
r D

-35
0

10

20

30

40

50

R
el

at
iv

e 
ab

un
da

nc
e

Community structure 



28

Control measures

metabarcoding: 
metagenomic approach 

How sequencing can help to address our research 
questions?

How the microbiota 
can contribute to 

improve the control 
measures in broilers to 

prevent or reduce 
Campylobacter

shedding?

 No impact on Campylobacter

 Gut microbiota affected by the treatment

 Impact of age as often described

 Identification of specific communities 

Association between Campylobacter and a 
specific community?

 Work in progress…

http://fr.wrs.yahoo.com/_ylt=A0WTf2p1ZQZL2AEBnk9lAQx.;_ylu=X3oDMTBqZjdtb25uBHBvcwMyNgRzZWMDc3IEdnRpZAM-/SIG=1k5b0vb9n/EXP=1258796789/**http:/fr.images.search.yahoo.com/images/view?back=http://fr.images.search.yahoo.com/search/images?p%3D%C3%A9levage%2Bpoulets%2Bde%2Bchair%26b%3D21%26ni%3D20%26ei%3Dutf-8%26y%3DRechercher%26pstart%3D1%26fr%3Dyfp-t-703&w=125&h=161&imgurl=www.lepoulet.qc.ca/images/p_chair.jpg&rurl=http://www.lepoulet.qc.ca/sections/index.php?id%3D11&size=4k&name=p+chair+jpg&p=%C3%A9levage+poulets+de+chair&oid=248dd01b5a4f987a&fr2=&no=26&tt=43&sigr=11il64a6i&sigi=115srr5dt&sigb=14615crsn&type=JPG
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