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Pourquoi prévenir la dysbiose
post antibiotiques ? 

• Connaissance ancienne 
– Les résidus antibiotiques s’accumulent dans le colon durant 

les traitements (Oral & parenteral)

– Ils induisent une profonde dysbiose

– Ils sélectionnent les bactéries résistantes BGN, VRE, C. 
difficile ) et les levures 

• D’autres conséquences récemment mises à jour :
– Métabolisme pédiatrique

– Cancérologie +++. 
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Antibiotics in early life and obesity
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Exposure to antibiotics in infancy or pregnancy and the relative 
risk of childhood overweight or obesity.

Wan S, et al. Obesity (Silver Spring). 2020
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Faecal microbiology 
analysis of 917 

children(≤1 year)

Association of 
antibiotic use (<1 

year) with the 
diagnosis of asthma 
(at age 5 years) in 

2644 children 

The reduction in the 
incidence of asthma 

might be an 
unexpected benefit of 
prudent antibiotic use 
during infancy, acting 

via preservation of the 
gut microbial 
community.
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Impact of Gut Dysbiosis in Hemato-Oncology

Sources: Adapted from Shono & van den Brink, Nature Reviews Cancer 2018 ; 
Gratwohl et al. Bone Marrow Transplant. 2005
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Impact of Microbiome Dysbiosis: 
Reduced Overall Survival

x2
Doubled mortality in patients 
with a low microbiome 
diversity

Increased occurrence of life-
threatening complications
leading to non-relapse 
mortality

Patients with hematologic malignancies treated with 
intensive chemotherapy and/or irradiation

~ 11% of 
deaths in 

transplanted 
patients 

~ 25% of   
deaths in 
transplanted 
patients 

100% of patients 
with antibiotics

https://www.nature.com/articles/nrc.2018.10?platform=oscar&draft=collection#auth-1
https://pubmed.ncbi.nlm.nih.gov/16151426/
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Impact of Gut Dysbiosis in Immuno-Oncology

Cancer patients treated with 
immune checkpoint inhibitors

HEALTHY 
MICROBIOTA

Anti-tumor efficacy

Antibiotics

DISRUPTED 
MICROBIOTA

Impaired 
Immunity

➔ First prospective data in 2019

No ABX

ABX

Pinato et al. 2019

Survival gap

50+ Publications and meta-analyses 
with concurring conclusions

➔Multiple confirmations between 2018 and 2020

-7mo
Overall Survival is reduced by 7 
months on average in patients 
receiving antibiotics and with a 
disrupted microbiome

Lurienne et al. 2020

46%

Reduced Overall Survival 

Reduced Overall Survival associated 
with Antibiotic Use

of patients 
with antibiotics

http://dx.doi.org/10.1001/jamaoncol.2019.2785
https://www.jto.org/article/S1556-0864(20)30194-5/pdf
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1985

✓A very surprising study in 6 human 
volunteers
✓We were expecting that the results 

would be highly homogeneous
✓Thus the small number of volunteers



Feces
characteristics

Volunteers with Ceftriaxone IV
1G/dX5 days

n=4 n=2

Changes in counts :
✓ Anaerobes
✓ Fungi

Stable
Stable

Decreased
Increased

Antibiotic activity
(mg/L)

<0.1 >1,500

B-lactamase
activity (Bacteroides)

++++ 0
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1985



Feces
characteristics

Volunteers with Ceftriaxone
1G/dX5 days

n=4 n=2

Changes in counts :
✓ Anaerobes
✓ Fungi

Stable
Stable

Decreased
Increased

Antibiotic activity
(mg/L)

<0.1 >1,500

B-lactamase
activity (Bacteroides)

++++ 0

Results confirmed in human flora
associated mice

*
1.Flora impacted by ceftriaxone
2.Protection afforded by 

administration of B-lactamase
producing bacteroïdes

3.Protection impaired by co-
administration of clavulanate
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First patent 1988 

Administration of Bacteroïdes with B-
lactams

✓Good results in mice but,

✓Impossible to produce industrially

✓No replacement possible because :

1. GMO : risk of dissemination
2. Proteins fragile and prod impossible then 
3. No trustable colonic delivery
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Idea forgoten for ten years, revisited 
in the 90s :

1.Production of recombinant 
purified proteins

2.Development of new 
colonic vectors
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Similarity index  DGGE Counts of amp-R coliforms
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Similarity index  DGGE Counts of amp-R coliforms
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2009 in humans



Major obstacles on the road to 
success for 

✓Limited spectrum of their 
enzyme 
✓No direct benefit
✓High costs of goods
✓No more funding
✓End of story…?
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The revival development of the beta-lactamase approach

IV ONLY 
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The current development of the beta-lactamase approach : IV treatments only 

• SYN-004 (ribaxamase) is a
oral enzyme to protect the
gut dysbiosis from IV beta-
lactam antibiotics

• Include cephalosporins but
not carbapenems
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Risk reduction in C. difficile desease Risk reduction in resistant bacetria colonisation
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Risk reduction in C. difficile desease Risk reduction in resistant bacetria colonisation
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Risk reduction in C. difficile desease Risk reduction in resistant bacetria colonisation

Mais :
• Spectre toujours limité n’incluant pas les 

carbapénèmes 
• Ni les produits avec des inhibiteurs récents 

de beta-lactamases
• Ni les autres antibiotiques
• Et peut-être une question de safety…
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En dépit de ces résultats très encourageants :
• Un cours de bourse catastrophique
• Une réorientation vers la cancérologie



2006 
CNRS/DaVolterra/UP7/UP11

Colonic targeting of non-specific 
adsorbants: 

A possible alternative?

✓No adsorption in
the upper intestine

✓Delivery in the late
ileum

✓Adsorption of ATBs
in ceacum and colon

✓Will it work in
practice ?
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Strategies to protect microbiome against antibiotics
Adsorbent strategy– Da Volterra– general principle

~ 0.6 mm

de Gunzburg et al. (2015) J. Clin. Pharmacol. 55, 10-6

• Broad spectrum powerful adsorbent

• Adsorbs antibiotics from all classes 
under human gut like conditions 

• Targeted ileo-caecum delivery

• Oral AND IV treatments 

DAV132
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Coating
Precise delivery

Adsorbent



The concept behind DAV132

DAV132

DAV132 is orally administered together with the 
antibiotic. Antibiotics are absorbed in the upper 

gastro-intestinal tract without interference while 
the coating of DAV132 is intact.

DAV132 coating opens in the colon and 
the adsorbent irreversibly captures the 

antibiotics. 

Antibiotic residues are bound to 
DAV132 and eliminated with feces 

1 2 3
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Grall N. et al. AAC 2013

Pre-clinical efficacy of DAV 131
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Chez les souris traitées par 
Cefotaxime IP

ICAAC 2012

In dogs treated by 
levofloxacin IV 

In mice treated by 
cefotaxime IP
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Results - Moxifloxacin Pharmacokinetics in the Feces (1/2)

❑ Free moxifloxacin fecal concentrations (mean ± SD, µg/g of feces) over time (days) in 
healthy volunteers 

LOQ: 40 ng/g of feces

Human volunteers

Gunzburg et al. JID 2017
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❑ Moxifloxacin plasma concentrations (mean Log ± SD, µg/mL) on Day 1 and Day 5 over time 
(hours) in healthy volunteers 

❑ No significant difference between groups for AUC0-24 on Day 1 (p=0.806) and Day 5 (p=0.139)

2nd Clinical Study: DAV132-CL-1002 
Results - Moxifloxacin Plasma Pharmacokinetics 

Day 1 Day 5

Maintenance of moxifloxacin plasma concentrations
when DAV132 is associated with moxifloxacin vs. moxifloxacin alone

LOQ: 10 ng/mL of plasma

Human volunteers

Gunzburg et al. JID 2017
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Results - gene richness
MOX MOX + DAV132 DAV132 Ctrl

A

B

Gene richness profiles per day (A), per day and per individual (grey lines) and observed medians (B). Black numbers (n) correspond to the 
number of individuals in the boxplot; red numbers (n) correspond to the number of individuals considered for the paired test.

Moxifloxacin causes a 50% drop in gene richness at D6 which is abrogated by DAV132 

Gunzburg et al. JID 2017



Phase 2 study in 242 hospitalized patients with co-
morbidities treated by various fluoroquinolones

without or with DAV132 
The SHIELD Study
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DAV132 Reduces fecal Fluoroquinolone Concentrations

During treatment, fecal FQ levels were lowered by >97% with DAV132 vs. No DAV132

Number of samples/group:
Ciprofloxacin: 20-36
Levofloxacin: 24-42
Moxifloxacin: 12-20

Note: D6 sampling 
applicable only for 
patients still hospitalized 
and receiving FQ at D6

p = 0.65 p < 0.0001 p < 0.0001 p < 0.0001

p = 0.048 p < 0.0001 p < 0.0001 p < 0.0001

p = 0.35 p < 0.0001 p < 0.0001 p < 0.0001 p = 0.010

P = 0.021

p = 0.40

Sources: internal data, manuscript in preparation Analyses performed on the PPS
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No Impact of DAV132 on the Plasma Concentration of Fluoroquinolones

SHIELD Safety Results Display Favorable Safety Profile (2/2)

No significant impact of DAV132 on the plasma concentration of 
moxifloxacin i.v. (400 mg, once-a-day) 

No significant impact of DAV132 on the plasma concentration of 
levofloxacin oral (500 mg, once-a-day)

No significant impact of DAV132 on the plasma concentration of 
levofloxacin i.v. (500 mg, once-a-day)

No significant impact of DAV132 on the plasma concentration of 
ciprofloxacin i.v. (200 mg twice-a-day)

Sources: Unpublished data
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Day 4 at trough Day 4 at peak

Day 4 at trough Day 4 at peak

Day 4 at trough Day 4 at peak

FQ + DAV132
(n = 29)

FQ
(n = 26)

FQ+ DAV132
(n = 29)

FQ
(n = 26)

FQ + DAV132
(n = 11)

FQ
(n = 14)

FQ + DAV132
(n = 11)

FQ
(n = 14)

FQ + DAV132
(n = 13)

FQ
(n = 22)

FQ + DAV132
(n = 13)

FQ
(n = 22)

FQ + DAV132
(n = 21)

FQ
(n = 21)

FQ + DAV132
(n = 21)

FQ
(n = 21)

NS NS

NS NSNS NS

Analyses performed on the PPS

Day 4 at trough Day 4 at peak

NS NS
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DAV132 Preserves the Gut Microbiota of Patients from 
Fluoroquinolone-Induced Disruption

Intestinal microbiota diversity is significantly protected with DAV132 

Stool samples. Wilcoxon test 
with Benjamini-Hochberg 
correction.

Note: D6 sampling 
applicable only for patients 
still hospitalized and 
receiving FQ at D6

Sources: internal data, manuscript in preparation Analyses performed on the PPS
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Significant Reduction in the Counts of (VRE) at End-of-FQ 
Treatment in Patients Treated with DAV132

VRE counts at End-of-FQ treatment are reduced in the feces of 
patients treated with DAV132 (not carriers at Day 1)

Analyses performed on the Safety Set

Wilcoxon Rank Sum Test

FQ  (n = 21)

FQ + DAV132 (n = 16)  
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Resistance to Colonization of Feces by C. diff is preserved with DAV132

C. diff spores

Measure of C. diff growth 
in the samples for 3 days

Resistance to colonization by C. difficile in the feces of patients is 
similar at baseline in patients who will receive or not DAV132

C. difficile proliferation in 
fecal samples of patients 

treated with 
FQ ± DAV132 

(Wilcoxon Rank Sum Test)

Stools

FQ (n = 52) 

FQ + DAV132 (n = 46) 

Patient + FQ +/- DAV 132
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Sources: Borriello et al. J Med Microbiol. 1986 ; Harris et al., Antimicrob. Agents Chemother. 2020

Start of treatment

https://www.microbiologyresearch.org/content/journal/jmm/10.1099/00222615-21-4-299#tab2
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Resistance to Colonization of Feces by C. diff is preserved with DAV132

Colonization Resistance Assay for C. diff in Stool (CRACS)

C. diff spores

Measure of C. diff growth 
in the samples for 3 days

Resistance to colonization by C. difficile in the feces of patients is 
maintained in patients who receive DAV132 + FQ antibiotics

C. difficile proliferation in 
fecal samples of patients 

treated with 
FQ ± DAV132 

(Wilcoxon Rank Sum Test)

Stools

FQ (n = 52) 

FQ + DAV132 (n = 46) 
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Sources: Borriello et al. J Med Microbiol. 1986 ; Harris et al., Antimicrob. Agents Chemother. 2020

Patient + FQ +/- DAV 132
At the end of treatment

https://www.microbiologyresearch.org/content/journal/jmm/10.1099/00222615-21-4-299#tab2


Au total
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• Au moins deux approches sont possibles pour 
protéger le microbiote durant l’antibiothérapie :

– Hydrolyze enzymatique

– Inactivation par adsorbtion

• Dans les deux cas :

– Orientation des développements vers les marchés de 
cancérologie à haute valeur ajoutée

– En raison des couts de développements

– De la non reconnaissance de l’end-point « microbiote 
sain » ou « colonisation à bactéries résistantes »  par les 
agences de régulation 
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Merci beaucoup pour votre
attention ! 


