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• Intérêts financiers : aucun
• Liens durables ou permanents: aucun
• Interventions ponctuelles : Tillotts Pharma
• Intérêts indirects: aucun
• Travel grant: Pfizer, Maat
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Exposition aux antibiotiques- Quelles conséquences ?
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Long terme

???

Facteur de risque de

- MICI ? 
Nguyen et al, Lancet Gastro, 2020

- Cancer ? 
Cao et al, Gut, 2018

- Dysimmunité ? 
Kemppainen et al, JAMA Ped, 2017

- Syndrome métabolique ?
Trasande et al, Int. J. Obes, 2013

Moyen terme

• Colonisation BMR/ BHRe-
• Résistome

Jernberg et al, ISME, 2007

cycling conditions were as described previously
(Löfmark et al., 2006). The maximum Ct (threshold
cycle) was set at 35 cycles and Ct levels above the
threshold were considered as background. The Q-
gene software (Muller et al., 2002; from Biotechni-
ques software library, www.Biotechniques.com) was
used to calculate the levels of the three resistance
genes. Using this software, the level of target genes
(specific erm genes) were calculated relative to the
16S rRNA gene reference in the samples. The level
of specific gene increase was recalculated as the fold
increase compared to levels at day 0, before
clindamycin administration.

Results

Clonal typing of Bacteroides isolates
Up to 20 Bacteroides isolates per sample from each
individual and sampling date, that were collected
previously from faecal samples and identified to the
species level by biochemical tests (Löfmark et al.,
2006), were further typed to the clonal level by rep-
PCR. This enabled us to follow how specific
Bacteroides clones responded to a 7-day clindamy-
cin administration and to monitor their persistence
over a 2-year post-treatment period. Almost all clone
types were unique for each specific subject except
for B. fragilis that could not be genetically separated
between the subjects, that is to say all the B. fragilis
isolates had the same banding pattern, using the
three different primer sets. This was also true for one
specific transient clone type found in two subjects
in the control group and these two subjects lived in
the same household (data not shown). A large
decrease in the collective number of Bacteroides
clone types from all individuals in the exposed
group was seen on the last day of clindamycin
exposure (day 7) (Figure 1). This reduction in
diversity persisted for up to 2 years post adminis-
tration. By contrast, in the control group, only minor
variations in the number of clone types were seen
and individual clones and their abundances chan-
ged in an apparently random manner over time
(Figure 1).

We also correlated the minimal inhibitory con-
centration (MIC) values of clindamycin for each
Bacteroides isolate, obtained previously (Löfmark
et al., 2006), to specific clone types. We found an
immediate enrichment of highly clindamycin-resis-
tant Bacteroides clones (MIC464mg/l) on day 7, the
last day of clindamycin administration and the
majority of the different clone types remained
highly resistant to clindamycin long after the
administration (Figure 1). After 9 months the high-
est number of resistant clones was detected, with
88% of the different clone types shown to be highly
resistant, and after 2 years 58% were still highly
resistant to clindamycin. By contrast no highly
resistant clones (MIC464mg/l) were detected in

the control group throughout the sampling period
(Figure 1).

Figure 2 presents representative examples of the
ecological stability of clone types in an exposed
subject and a control subject (data for all of the
individuals are included in Supplementary Figure
S1). In two of the subjects in the exposed group,
specific clones that were susceptible to clindamycin
before exposure became resistant at day 7 and
dominated the cultured Bacteroides community at
subsequent sampling periods (see Figure 2a for an
example and Supplementary Figure S1). For exam-
ple, in subject 1, one specific clone type, B.
thetaiotaomicron 1tIV, became dominant for 18
months and it was the only clone type identified
for the first nine months post exposure to clinda-
mycin (Figure 2a). Interestingly, in this subject there
were two other clone types that were resistant to
clindamycin on day 0, but they did not become
dominant. However, at later sampling dates one of
the prior resistant clones (B. vulgatus 1vI) was again
detected and it was still resistant. In subject 2 a
different clone that was susceptible to clindamycin
before exposure, B. thetaiotaomicron clone (2tI),
also became resistant after exposure and became
dominant for 9 months (Supplementary Figure S1).
In this particular subject, the Bacteroides commu-
nity was so suppressed by clindamycin that it was

Figure 1 Number of Bacteroides sp. clone types as assessed by
rep-PCR and percent of clones that are highly resistant to
clindamycin over a 2-year sampling period: (a) clindamycin
exposed group; (b) control group. Day 0: day before clindamycin
administration. Bars represent total number of clone types and
filled circles represent percent of highly clindamycin-resistant
clones (464mg/l).
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sample of each subject. The list of abundant refOTUs (>10−3
relative abundance) in a single non-Cp sample typically contained
about one-half or fewer of these 111 refOTUs that were shared
among subjects and at least sometimes abundant (50%, 47%, and
43% on average for D, E, and F).
Between 49% and 56% of the reads in each subject were affili-

ated with the Bacteroidetes phylum (167 refOTUs), 37–48% with
Firmicutes (2,266 refOTUs), 1.2–3.1% with Proteobacteria (90
refOTUs), 1.2–2.7% with Verrucomicrobia (3 refOTUs), and
fewer than 0.1% with Actinobacteria (35 refOTUs) (Fig. S3). The
proportion of reads classified to the same refOTU correlated
well between technical replicates (mean Pearson correlation =
0.9905 ± 0.0159 SD, range = 0.9183–0.9991, n = 39 pairs of rep-
licates) (Fig. S4 and Table S3). Additional discussion of the
inferred community composition and the reproducibility of the
results is found in SI Text.
The observed richness of refOTUs differed significantly be-

tween subjects (E > D > F, P < 10−6) when comparisons were
made after rarefaction to the same number of reads (506,000/
subject) to standardize sampling effort. Parametric estimation of
total OTU richness per subject according to the best fitting of
several models (12) showed the same relative order, although the
difference between E and D was not significant (Table 1 and ad-
ditional discussion in SI Text). The rank order was reversed for
taxon evenness (F, 0.88; D, 0.85; E, 0.82; P < 10−6) and diversity
(F, 6.47; D, 6.35; E, 6.22; P < 10−6) assessed through Shannon
entropy. Within-subject (α) 1° diversity according to Jost (13)
showed the same pattern (F, 644; D, 584; E, 502; P< 10−6), with an
average of 577 effective refOTUs/subject (i.e., average diversity
per subject was equivalent to a community with 577 equally com-
mon taxa). Between-subject (β) 1° diversity across all subjects was
1.84 effective communities [i.e., the 1° diversity in the three sub-
jects combined (γ diversity) was 1,062 refOTUs, which was 1.84
times the average α diversity for a single subject].

Effects of Cp on Diversity. Cp had a marked effect on the distal gut
microbiota, despite the absence of any gastrointestinal symptoms
reported by subjects. The Cp-associated disturbances shared some
features across all subjects and both Cp courses, as indicated by
plots of refOTU richness, phylogenetic diversity, and Shannon
entropy over time (Fig. 2). Richness and diversity (assessed after
rarefaction to 5,900 reads/sample to standardize sampling in-
tensity) plunged rapidly 3–4 d after the subjects began Cp; the
lowest values of these parameters occurred on the last 2 d of Cp
treatment or during the several days thereafter. Richness and di-
versity also rebounded rapidly, recovering much of their lost value
in 1–2 d. Parametric estimation of total richness per treatment
interval within each subject (12) showed a drop in richness in each
Cp-perturbed interval relative to the intervals immediately before
and after; the dropwas statistically significant in all cases except the
comparison of pre-Cp with first Cp in E (Fig. S5 and SI Text). In
addition to the obvious similarities between each Cp perturbation,
however, there were less obvious differences between subjects and
between courses in the effect of Cp on richness and diversity.
Displacement from the pre-Cp values of these parameters was
strongest in D and weakest in E (P < 10−6), and although the
magnitude of the first and second perturbations did not differ
significantly in D and E (P > 0.05), the second perturbation was
smaller than the first in F (P < 10−6). The differences between
subjects in the effects of Cp on diversity and richness had no ob-
vious relationship to the initial richness and diversity values. The
response to the first Cp course in E was unique, with wide day-to-
day fluctuations in the diversity of themicrobiota (Fig. 2). A subset
of taxa with daily oscillations in abundance was responsible for this
phenomenon (e.g., refOTUs in the genera Blautia, Roseburia, and
Dorea) (Fig. 1, Fig. S1, and SI Text).
The short-duration, asymptomatic drop in richness and diversity

of the microbiota after Cp was consistent with our previously

reported results (11). However, the restricted set of samples in the
previous analysis limited the temporal resolution of recovery time
to 4 wk after the first course of Cp and did not permit comparison
of the Cp perturbation with non–Cp-associated temporal fluctua-
tions in the diversity of the gut microbiota at a range of time scales.

Effects of Cp on Community Membership. Similarities and differ-
ences between the membership of the distal gut microbial com-
munities of the three subjects and between the first and second Cp
responses are portrayed by principal coordinate analysis (PCoA) of
unweighted UniFrac distances, a measure of community dissimi-
larity based on OTU presence/absence (community membership)
that takes into account evolutionary relatedness among OTUs (14)
(Fig. 3).As suggestedby thediversity statistics (Fig. 2), the responses
of the gut microbiota to Cp shared features across all subjects, de-
spite interindividual communitydifferences.Oncloserexamination,
differences in theCp response among subjects and between the first
and second Cp course in some subjects were also apparent.

Day
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Fig. 2. Three measures of biological diversity for samples from subjects D
(A), E (B), and F (C). Calculations were made after rarefying to an equal
number of reads for all samples to control for unequal sampling effort.
Narrow gray rectangles indicate the 5-d Cp courses; daily sampling around
these times allowed visualization of daily fluctuations in diversity parame-
ters that were not evident during less frequent sampling. RefOTU richness
(number of refOTUs observed per sample) is shown on the left y axis; phy-
logenetic diversity (PD; total branch length of the phylogenetic tree relating
all refOTUs in the sample) and the Shannon index of diversity are shown on
the right y axis. The x axis reflects experiment day.

4556 | www.pnas.org/cgi/doi/10.1073/pnas.1000087107 Dethlefsen and Relman

Court terme

• Résilience variable 
• Individu
• Type ATB
• Voie d’administration
• Séquence 

thérapeutique
• Diarrhée post-antibiotique
• Colites infectieuses 

(C. difficile / K. oxytoca)

Dethlefsen et al, PNAS 2011

FQ FQ
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Quelques données, beaucoup de questions…

• Faibles nombres de sujet pour chaque étude (3 à 12…) ?

• Impact d’une antibiothérapie longue durée ?

• Evaluation dans des conditions de soins ?

4
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Etude OSIRIS
Sous la direction du Pr. Tristan FERRY

Levast*, Benech* et al, Front. Medicine 2021

Objectif: Caractériser l’impact sur la composition du microbiote intestinal 
du traitement antibiotique dans les IOA
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Patients et Méthodes
• Etude multi-centrique observationnelle française 01/2017-

09/2017
• 5 centres experts (CRIOAc)
• Critères d’inclusion: 

§ IOA, tout type 
§ Pas d’exposition antibiotique dans les 15 jours précédents J0

6
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Patients et Méthodes

7

• Recueil prospectif : selles/ sang/ données cliniques

Antibiothérapie 
probabiliste large 

spectre IV

J15

Antibiothérapie ciblée

6 ou 12
semaines Fin ATB J+15 Fin ATBDébut ATB

Chirurgie

Analyse 
métagénomique

Suivi clinique

Biologie standard

Prélèvement de selles

Culture BMR/BHRe- C.difficile
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Population de l’étude
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Caractéristiques/ Type 
d’IOA

Ostéomyélite
(n=27)

Pseudarthrose
septique

(n=14)

Infection de 
prothèse

(n=21)

Total
(n=62)

Homme (n, %) 17 (63) 10 (71.5) 13 (62) 40 (64.5)
Age (année)* 56.1 (13.2) 51.8 (17.6) 65.3 (9.1) 58.6 (14.1)
Durée ATB (jours)* 58.8 (26.7) 69.8 (28.4) 68.3 (29.3) 64.5 (27.8)
IMC (kg.m-2)* 25.6 (6.5) 28.1 (5.8) 29.5 (7.0) 27.5 (6.6)
Portage BMR à J0 (n, %)
- Enterobactérie BLSE

3 (11.1)

3 (11.1)

1 (7.1)

1 (7.1)

5 (23.8)

5 (23.8)

9 (14.5)

9 (14.5)
Portage C. difficile à J0
(n, %)

1 (3.7) 0 0 1 (1.6)

* Moyenne (Ecart-type)

Caractéristiques/ Type 
d’IOA

Ostéomyélite
(n=27)

Pseudarthrose
septique

(n=14)

Infection de 
prothèse

(n=21)

Total
(n=62)

Homme (n, %) 17 (63) 10 (71.5) 13 (62) 40 (64.5)
Age (année)* 56.1 (13.2) 51.8 (17.6) 65.3 (9.1) 58.6 (14.1)
Durée ATB (jours)* 58.8 (26.7) 69.8 (28.4) 68.3 (29.3) 64.5 (27.8)
IMC (kg.m-2)* 25.6 (6.5) 28.1 (5.8) 29.5 (7.0) 27.5 (6.6)
Portage BMR à J0 (n, %)
- Enterobactérie BLSE

3 (11.1)

3 (11.1)

1 (7.1)

1 (7.1)

5 (23.8)

5 (23.8)

9 (14.5)

9 (14.5)
Portage C. difficile à J0
(n, %)

1 (3.7) 0 0 1 (1.6)

Caractéristiques/ Type 
d’IOA

Ostéomyélite
(n=27)

Pseudarthrose
septique

(n=14)

Infection de 
prothèse

(n=21)

Total
(n=62)

Homme (n, %) 17 (63) 10 (71.5) 13 (62) 40 (64.5)
Age (année)* 56.1 (13.2) 51.8 (17.6) 65.3 (9.1) 58.6 (14.1)
Durée ATB (jours)* 58.8 (26.7) 69.8 (28.4) 68.3 (29.3) 64.5 (27.8)
IMC (kg.m-2)* 25.6 (6.5) 28.1 (5.8) 29.5 (7.0) 27.5 (6.6)
Portage BMR à J0 (n, %)
- Enterobactérie BLSE

3 (11.1)

3 (11.1)

1 (7.1)

1 (7.1)

5 (23.8)

5 (23.8)

9 (14.5)

9 (14.5)
Portage C. difficile à J0
(n, %)

1 (3.7) 0 0 1 (1.6)

Caractéristiques/ Type 
d’IOA

Ostéomyélite
(n=27)

Pseudarthrose
septique

(n=14)

Infection de 
prothèse

(n=21)

Total
(n=62)

Homme (n, %) 17 (63) 10 (71.5) 13 (62) 40 (64.5)
Age (année)* 56.1 (13.2) 51.8 (17.6) 65.3 (9.1) 58.6 (14.1)
Durée ATB (jours)* 58.8 (26.7) 69.8 (28.4) 68.3 (29.3) 64.5 (27.8)
IMC (kg.m-2)* 25.6 (6.5) 28.1 (5.8) 29.5 (7.0) 27.5 (6.6)
Portage BMR à J0 (n, %)
- Enterobactérie BLSE

3 (11.1)

3 (11.1)

1 (7.1)

1 (7.1)

5 (23.8)

5 (23.8)

9 (14.5)

9 (14.5)
Portage C. difficile à J0
(n, %)

1 (3.7) 0 0 1 (1.6)
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d’IOA

Ostéomyélite
(n=27)
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septique

(n=14)

Infection de 
prothèse

(n=21)

Total
(n=62)

Homme (n, %) 17 (63) 10 (71.5) 13 (62) 40 (64.5)
Age (année)* 56.1 (13.2) 51.8 (17.6) 65.3 (9.1) 58.6 (14.1)
Durée ATB (jours)* 58.8 (26.7) 69.8 (28.4) 68.3 (29.3) 64.5 (27.8)
IMC (kg.m-2)* 25.6 (6.5) 28.1 (5.8) 29.5 (7.0) 27.5 (6.6)
Portage BMR à J0 (n, %)
- Enterobactérie BLSE

3 (11.1)

3 (11.1)

1 (7.1)

1 (7.1)

5 (23.8)

5 (23.8)

9 (14.5)

9 (14.5)
Portage C. difficile à J0
(n, %)

1 (3.7) 0 0 1 (1.6)
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Type d’antibiotique et durée de traitement
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Une résilience significative et précoce à la fin du traitement 
antibiotique – ß-diversité –

Tous les patients Bray Curtis distance (genus)
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Pas de différence majeure suivant la durée de traitement
– ß-diversité –

*
nsns FIN ATB

J0

FIN ATB +15

6 Semaines 12 Semaines

ns
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J0

FIN ATB +15

Permanova 999 permutations
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Acquisition de BMR/BHRe – C.difficile au cours du suivi

Pas de différence 6 vs 12 semaines (7 vs 5 )
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Discussion

• Population hétérogène pour le 
traitement reçu/ contexte 
pathologique

• Cinétique de traitement hétérogène 
(ATB large spectre +/- relai) -> Etude 
spécifique de l’impact J0-J15 en 
cours

• Impact à long terme non évalué
-> données M6 à analyser

• Recueil prospectif
• Effectif important comparé à la 

littérature disponible
• Analyse métagénomique avec 

grande profondeur de 
séquençage

• Données de culturomique BMR
• Situation de soin courant
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Conclusion - OSIRIS

• Résilience importante même après une ATB large spectre 
prolongée à forte dose

• Pas d’effet majeur de la durée de l’ATBthpie (6 Se vs 12 Se) sur:
• Résilience (ß/ α- diversité)
• Colonisation BMR/BHRe
• Incidence de Colite à C.difficile

• Resistome ?
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Coordinator: Tristan Ferry
Infectious Diseases Specialists – Tristan Ferry, Florent Valour, Thomas Perpoint, Florence Ader,
Sandrine Roux, Agathe Becker, Claire Triffault-Fillit, Anne Conrad, Cécile Pouderoux, Pierre
Chauvelot, Paul Chabert, Johanna Lippman, Evelyne Braun
Surgeons – Sébastien Lustig, Elvire Servien, Cécile Batailler, Stanislas Gunst, Axel Schmidt, Eliott
Sappey-Marinier, Quentin Ode, Michel-Henry Fessy, Anthony Viste, Jean-Luc Besse, Philippe
Chaudier, Lucie Louboutin, Adrien Van Haecke, Marcelle Mercier, Vincent Belgaid, Aram Gazarian,
Arnaud Walch, Antoine Bertani, Frédéric Rongieras, Sébastien Martres, Franck Trouillet, Cédric
Barrey, Ali Mojallal, Sophie Brosset, Camille Hanriat, Hélène Person, Philippe Céruse, Carine
Fuchsmann, Arnaud Gleizal;
Anesthesiologists – Frédéric Aubrun, Mikhail Dziadzko, Caroline Macabéo, Dana Patrascu;
Microbiologists – Frederic Laurent, Laetitia Beraud, Tiphaine Roussel-Gaillard, Céline Dupieux,
Camille Kolenda, Jérôme Josse;
Imaging – Fabien Craighero, Loic Boussel, Jean-Baptiste Pialat, Isabelle Morelec;
PK/PD specialists – Michel Tod, Marie-Claude Gagnieu, Sylvain Goutelle;
Clinical research assistant and database manager– Eugénie Mabrut

Lyon BJI Study group MERCI
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Vème congrès national des CRIOAc

18http://crioac2021.univ-lyon1.fr
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J0 FIN ATB FIN ATB 
+15

Evolution du profil taxonomique au cours du suivi
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Analyse LEfSe Akkermansia muciniphila

E.coli

Des différences qualitatives qui peuvent persister à J15 post-traitement
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Fin de traitement

CRP≥5mg/L
CRP<5mg/L*

Bray Curtis

Les patients avec un syndrome inflammatoire en fin de traitement ont un 
microbiote intestinal distinct
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LEfSe

Les patients avec un syndrome inflammatoire en fin de traitement ont un 
microbiote intestinal distinct


