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Antibiotic resistance in a 

One Health approach
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▪ Antibiotics: history, consumption

▪ Antibiotic resistance

▪ Making of a superbug: example of Mcr

▪ Do we share multidrug-resistant bacteria with animals?

▪ Role of travels

▪ Role of the microbiota

▪ Making of a superbug: example of Mcr

▪ Actions

▪ Conclusions and reading suggestions

Plan
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Many antibiotics are produced by 

Streptomyces: aminoglycosides, 

glycopeptides (vancomycin), 

macrolides, tetracyclines, 

rifamycins, chloramphenicol, 

fosfomycin, daptomycin and 

clavulanic acid!

Other environmental

microorganisms produce

antibiotics. 

Antibiotics are ancient! Example of Streptomyces

Credit: Wikipedia 7



▪ Antibiotics are recent medicines! 

▪ 1928: discovery of penicillin by Alexander Fleming in England

▪ Beginning of massive use after the Second World War

▪ Golden age of antibiotics: 1960s to 1980s

▪ Then, the market dried up: few new molecules were put on the market

▪ Failing economic model for antibiotics

▪ At the same time, there is a continuous increase in antibiotic resistance

A brief history of antibiotics
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Antibiotique nouveau

Autre antibiotique

Benzylpénicilline
Streptomycine
Chlortétracycline
Chloramphénicol

Erythromycine
Spiramycine
Vancomycine
Colistine
Virginiamycine

Méticilline
Métronidazole
Ampicilline
Trimétoprime
Acide fucidique
Gentamicine
Céfalotine
Rifampicine
Carbénicilline
Acide nalidixique
Clindamycine

Céfotaxime
Amoxicilline-Acide clavulanique
Norfloxacine
Témocilline
Imipénème
Aztréonam
Ciprofloxacine
Azithromycine
Moxifloxacine

Fosfomycine
Céfamandole
Mezlocilline
Pivmécillinam

Cefpirome
Tazocilline

Linézolide
Télithromycine
Daptomycine
Tigécycline

Mécanisme de résistance porté
par des structures mobiles

But their use by humans is recent

Source: Wikipedia

2010-2020

Fidaxomicine
Ceftaroline
Ceftolozane
Avi-, rele-, vaborbactam
Cefiderocol
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High consumption of antibiotics in France (above the OECD average)

Source : Panorama Santé 2023, OCDE

Consumption of antibiotics

Volume of antibiotics prescribed in 2021
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Question

www.wooclap.com/MPAMB
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AMR Review, O’Neill 2016

Consumption by animals : 

Treatment of infections

Prophylaxis

Growth promoters (banned in Europe since 

2006)

Classes of antibiotics used in veterinary 

medicine are mostly common with those 

used in human medicine. 

Consumption of antibiotics
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Analysis of effluents from a wastewater treatment plant serving a 

large generic drug production site (Hyderabad, India)

Antibiotics in the environment

Larsson, D.G.J., et al. J Hazard Mater 148, 751–755 (2007). Credit: Google 13
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Antibiotic resistance
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Question

www.wooclap.com/MPAMB
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D'Costa VM et al. Nature. 2011;477:457-61.

Antibiotic resistance is not a recent phenomenon
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Homologs Tet(M)

Homologs TEM

Antibiotic resistance is not a recent phenomenon

Presence of TEM (beta-lactamase), Tet(M) (tetracycline resistance) and also 

VanA (glycopeptide resistance) homologs (not showed)

D'Costa VM et al. Nature. 2011;477:457-61. 17
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Petitjean and Ruppé. Unpublished data. 

Intrinsinc

AmpC

Resistance in pathogens is more recent: example of E. coli
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Resistance in pathogens is more recent: example of Salmonella

Tran-Dien A et al. Lancet Infect Dis. 2018;18:207-14.

Ampicillin

Penicillin
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▪ Bacteria: Resistance to naturally occurring antibiotics

▪ Ecologists: Resistance based on MIC distribution

▪ Humans: Clinical resistance based on MICs and non-toxic 

concentrations achievable in the body. 

Martínez JL et al. Nat Rev Microbiol. 2015;13:116-23.

How to define antibiotic resistance? Different point of views!
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www.wooclap.com/MPAMB
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Adapted from Antimicrobial Resistance Collaborators. et al. The Lancet 399, 629–655 (2022).
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The threat of antibiotic resistance lies in the gut

▪ 1.3M deaths attributed to antibiotic

resistance (estimated 40M by 2050)

▪ 0.6M: Enterobacterales, Acinetobacter

baumannii and Pseudomonas

aeruginosa (Proteobacteria)

▪ Majority of bacteria present in the gut

microbiota before causing infections
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There are bacteria resistant to all 

available antibiotics, both in France and 

abroad. 

In case of infection: how to treat? In low-

resources settings?

These bacteria are isolated in hospitals but 

also in the community

Extensively resistant bacteria
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www.wooclap.com/MPAMB
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Woerther, P.-L., et al. Clin. Microbiol. Rev. 26, 744–758 (2013).
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Multidrug-resistant Enterobacterales have hit developing countries
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New Delhi (India): detection of 

carbapenemase producing 

bacteria (NDM gene)

12/171 (7%) water points 

positive 

2/50 (4%) public taps positive

Bacterial species: E. coli, 

Shigella boydii and Vibrio 

cholerae. 

Walsh, T.R., et al. Lancet Infect Dis 11, 355–362 (2011).

Multidrug resistant bacteria in the environment
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Do we share the resistant
bacteria with animals?
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Question

www.wooclap.com/MPAMB
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▪ One Health genomic surveillance of E. coli

shows distinct lineage and mobile genetic

elements between humans and livestock

▪ Sequencing of 431 E. coli including 155 ESBL

producers from cattle and 1517 E. coli

associated with bacteremia

▪ All from the UK and isolated between 2014 and

2015

Ludden, C. et al. mBio (2019).

Comparison of human and animal E. coli in England, 2014-2015
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Ludden, C. et al. mBio (2019).

Human and animal E. coli are indeed distinct!

Median distance in number of

SNPs 41.658

- 2 human strains with <15 SNPs

compared to animal strains

- Significant frequency of strains

with <5 SNPs within the animal

sector
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Travels and antibiotic resistance
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Question

www.wooclap.com/MPAMB
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Murray, B.E., et al.  Antimicrob. Agents Chemother. 34, 515–518 (1990).

Travelers convey antibiotic resistant bacteria
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1/3 travellers 1/2 travellers 3/4 travellers

574 travellers to tropical regions

(screened negative for multidrug-resistant Enterobacteriaceae before departure)

MRE acquisition rate 51% (n=293)

Ruppé, E. et al. Clin Infect Dis. 61, 593–600 (2015).

Bad bugs travel with travellers
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Arcilla, M. S. et al. The Lancet Infectious Diseases (2016); Ruppé, E. et al. Clin Infect Dis. 61, 593–600 (2015).

Most travellers are quickly cleared of ESBL-E carriage

But some remains long term carriers. Role of the intestinal microbiota?

Duration of carriage
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Month after return

The more abundant the MRE, the longer it takes to be cleared

Ruppé, E. et al. Clin Infect Dis. 61, 593–600 (2015). 36



43 subjects (no MRE)

18/43 subjects 
acquired an MRE1

Before travel 

After return

One month 
after return

S1

S2

Travel in 
tropical region

M15/18 subjects still 
carried an MRE1

Ruppé, E. et al. Clin Infect Dis. 61, 593–600 (2015).

Duration of carriage, role of the microbiota?
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▪ Some bacteria seem to be associated with the intestinal clearance of MRE one month after travel

▪ The same pattern is found before travel

16S-OTU 23S

Duration of carriage, role of the microbiota?

Leo, S. et al. Gut Microbes 1–11 (2019). 38
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Role of the microbiota
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Anaerobes

Clinical relevance

Figure from Arumugam M. Nature. (2011). 1Sender, R. et al. PLoS Biol (2016); 

Composition of the intestinal microbiota

▪High number of bacteria

nombre (3x1013)1

▪High diversity (hundreds of

species)

▪Most bacteria are harldy

culturable

▪Pathogenic and antibiotic

resistant bacteria are sub-

dominant : need for

culture
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102

Intestinal concentration 

(CFU/g stool)

103

104

105

106

107

108

109

1010

1011

16S profiling

Shotgun

metagenomics

Culture

Grall N., et al. EMC Biologie. 

Bad bugs are kept at low concentrations in the gut
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Antibiotics increase the relative abundance of ESBL-E. coli 

ESBL-E. coli relative 

abundance

[ ESBL-E. coli ]

[ Total Gram-negative bacilli ]

The intestinal relative abundance of ESBL-E. coli

increases after antibiotic exposure

Ruppé, E. et al. Antimicrob. Agents Chemother. 57, 4512–4517 (2013). ESBL: extended-spectrum beta-lactamase

=
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Lower

risk
Higher

risk

Increased risk of: 

Urinary-tract infections

Dissemination in the environment

Bacterial translocation

Duration of carriage

Hospital-acquired pneumonia

Quantification of multidrug-resistant bacteria in the gut: it matters!

Ruppé, E. & Andremont, A. Front Microbiol 4, 129 (2013).



Sommer, M.O.A., et al. Science 325, 1128–1131 (2009).

ARG from commensal bacteria differ from what we know
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PER-1 and CTX-M-15 do not share more than 21% identity in aminoacid (1-dimension)

1 15710 20 30 40 50 60 70 80 90 100 110 120 130 140(1)

MVKKSLRQFTLMATATVTLLLGSVPLYAQTADVQQKLAELERQSGGRLGVALINTADNSQILYRADERFAMCSTSKVMAAAAVLKKSESEPNLLNQRVEIKKSDLVN--YNPIAEKHVN--GTMSLAELSAAALQYSDNVAMNKLIAHVGGPASVTACTX_M_15_JQ686199 (1)

--MNVIIKAVVTASTLLMVSFSSFETSAQSPLLKEQIESIVIGKKATVGVAVWGPDDLEPLLINPFEKFPMQSVFKLHLAMLVLHQVDQGKLDLNQTVIVNRAKVLQNTWAPIMKAYQGDEFSVPVQQLLQYSVSHSDNVACDLLFELVGGPAALHDPER_1_EF5356 (1)

     I    L AS  L L   S    AQS  L   I  I     A LGVAL    D   IL    EKF M S  KL  A  VL   D     LNQ V I KA LLN  W PI   H     SM L  L   AL HSDNVA   L   VGGPAAL  Consensus (1)

But they do share a high homology in 3-dimensions!

CTX-M-15 PER-1 Alignement of CTX-M-15 

and PER-1 (TMscore > 0.9)

Leveraging the structure of proteins to characterize the intestinal resistome

Amine Ghozlane

Julien Tap



Intestinal bacteria harbor a vast diversity of antibiotic resistance genes (ARG)

▪ N=6095 ARG predicted (0.2% of  

3,9 million gene catalogue)

▪ Average 1377 ARG per subject

(min. 258, max. 2367)

▪ Low identity with known ARG 

(mean 29,8% amino-acid identity)

▪ Present in the main gut phyla

▪ Mostly chromosomal

▪ Interphyla transfers?

46Ruppé, Ghozlane, Tap et al. Nat Microbiol 4, 112–123 (2019).

Amine Ghozlane Julien Tap



Is the phylum barrier insurmountable for ARG? 

Bacteroidetes

Proteobacteria

Image: Games of Throne/HBO 47



Le résistome d’Escherichia coli

Presence d’ARG d’autres phyla ?

Petitjean, M., Microb Genom 7, (2021). Gschwind, R. et al (en preparation )

Marie Petitjean

Rémi Gschwind
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ARGs shared between E. coli and non-Proteobacteria strains: 4 candidate ARG

The intestinal resistome of Escherichia coli: digging into the Enterobase

Petitjean, M., Microb Genom 7, (2021). 49
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▪ Identification of a beta-lactamase – encoding

gene see in strict anaerobic bacteria: 1st (?) 

identification of bla from intestinal 

Bacteroidota to Pseudomonadata (E. coli)

▪ Location on a 7,600b mobile genetic element, 

with 2 copies integrated in the genome

▪ ESBL phenotype

Genomic characterization of a beta-lactamase shared by 2 phyla

Marie Petitjean

Rémi Gschwind

Gschwind, R. et al.2023.11.10.566511 (2023).doi:10.1101/2023.11.10.566511

https://doi.org/10.1101/2023.11.10.566511
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The smoking gun: example of 
mcr
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• 1. Crédits INA

Progenitor

bacteria

Recipient

bacteria

Shuttle vector (plasmid, 

transposon)

Antibiotic pressure

Human

presence

The recipe to cook a resistant bacterium

53



Progenitor bacteria : 

Proteobacteria

Recipient

bacterium: E. coli Shuttle vector: ISAplI

Antibiotic : colistin+++

Human

Presence



China: high consumption of colistin in pig farming (2500-2800 tons/year)

Shen, Z. et al. Lancet Infect Dis 16, 293 (2016).

Mcr has been with us  for long



Liu, Y.-Y. et al. Lancet Infect Dis 16, 161–168 (2016). 

ISAplI: from Actinobacillus

pleuropneumoniae (porcine pathogen)

Origin of Mcr



Origin of Mcr
▪ Reservoir: obviously major reservoir in livestock (pigs, calve, chicken…)

▪ More frequently isolated in livestock samples than in human samples (so far).

▪ 12M tons of colistin used in agriculture, mostly in China.

▪ Bacterial host: Mcr-1 has 63% aminoacid identity with a EptA from Paenibacillus sophorae.

▪ No Mcr in the pig intestinal metagenome.  

Xavier, B. B. et al. Euro Surveill. 21, (2016); Xiao, L. et al. Nat Microbiol 16161 (2016)
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Actions!
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Decreasing antibiotic consumption



Courtesy of Jean-Yves Madec (ANSES)
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Evolution of antibiotic tonnage in veterinary medicine in France



• 36.6% for all antibiotics in 5 years

• 81.3% for 3rd/4th generation cephalosporins in 3 years

• 74.9% for fluoroquinolones in 3 years

Exposure of animals to antibiotics

Courtesy of Jean-Yves Madec (ANSES)



1. Crédits: Jean-Yves Madec (ANSES)
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1. Crédits: Jean-Yves Madec (ANSES)
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Community

Hospital

E. coli

K. pneumoniae

Penalva G. et al. Euro Surveill. 2019;24(46) 

What about in humans?



Community

Hospital

E. coli

K. pneumoniae

Penalva G. et al. Euro Surveill. 2019;24(46) 

What about in humans?



Hospital K. pneumoniae

Penalva G. et al. Euro Surveill. 2019;24(46) 

What about in humans?



Collignon, P., et al. The Lancet Planetary Health 2, e398–e405 (2018).

Not only an antibiotic consumption issue

No connection between

antibiotic consumption and 

resistance to 3rd generation

cephalosporins (3GC) or 

fluoroquinolones (FQ)?

Resistance to fluoroquinolones

Resistance to 3GC

68



Not only an antibiotic consumption issue

Credit: financialtribune.com 69



Also a structural issue

Collignon, P., et al. The Lancet Planetary Health 2, e398–e405 (2018).

Multivariate analysis: infrastructure

(p=0.014 and p=0.0052) and better 

governance (p=0.025) were associated 

with lower antimicrobial resistance indices

No association with antibiotic consumption
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Take-home messages

Antibiotic resistance 

has continuously 

developed and 

increased among 

bacteria

Combatting AMR is

multifaceted

Antibiotic consumption has promote the

emergence and diffusion of resistance

Resistant bacteria are met in all sectors,

but transmission between sectors

seems limited in high resources settings

The microbiota plays a pivotal

role in being at the interplay of

antibiotic exposure, infections

and carriage of reistant

bacteria

71

Hygiene living conditions also

play a major role in AMR



IAME Research Unit

Paris, France

https://www.iame-research.center
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https://www.iame-research.center/

