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Background: DAV132 (colon-targeted adsorbent) has prevented antibiotic-induced effects on microbiota in
healthy volunteers.

Objectives: To assess DAV132 safety and biological efficacy in patients.

Patients and methods: An open-label, randomized [stratification: fluoroquinolone (FQ) indication] multicentre
trial comparing DAV132 (7.5 g, 3 times a day, orally) with No-DAV132 in hospitalized patients requiring 5–21day
treatment with FQs and at risk of Clostridioides difficile infection (CDI). FQ and DAV132 were started simultan-
eously, DAV132 was administered for 48h more, and patients were followed up for 51days. The primary
endpoint was the rate of adverse events (AEs) independently adjudicated as related to DAV132 and/or FQ.
The planned sample size of 260 patients would provide a 95% CI of +11.4%, assuming a 33% treatment-
related AE rate. Plasma and faecal FQ concentrations, intestinal microbiota diversity, intestinal colonization
with C. difficile, MDR bacteria and yeasts, and ex vivo resistance to C. difficile faecal colonization were assessed.

Results: Two hundred and forty-three patients (median age 71 years; 96% with chronic comorbidity) were in-
cluded (No-DAV132, n=120; DAV132, n=123). DAV132- and/or FQ-related AEs did not differ significantly:
18 (14.8%) versus 13 (10.8%) in DAV132 versus No-DAV132 patients (difference 3.9%; 95% CI: −4.7 to 12.6).
Day 4 FQ plasma levels were unaffected. DAV132 was associated with a .98% reduction in faecal FQ levels
(Day 4 to end of treatment; P,0.001), less impaired microbiota diversity (Shannon index; P=0.003), increased
ex vivo resistance to C. difficile colonization (P=0.0003) and less frequent FQ-induced VRE acquisition (P=0.01).

Conclusions: In FQ-treated hospitalized patients, DAV132 was well tolerated, and FQ plasma concentrations
unaffected. DAV132 preserved intestinal microbiota diversity and C. difficile colonization resistance.
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Introduction
Antibiotics constitute a landmark of modern medicine. However,
their use disrupts the colonic microbiota. The non-absorbed
part of orally administered antibiotics, and the fraction of oral
and parenteral antibiotics excreted into the bile that reach the
colon, induce dysbiosis and a decrease in richness and diversity
of the microbiota. Short-term consequences1–6 include antibiotic-
associated diarrhoea (AAD), Clostridioides difficile infection (CDI)
and selection of resistant bacteria.7–9 Long-term consequences
include impacts on immune4,6 and metabolic regulations.5,6

Exacerbation of graft-versus-host disease in allogeneic HSCT
recipients and increased mortality in cancer patients have been
associated with antibiotic use.10,11 Various strategies to protect
the intestinal microbiota have been developed.12 Oral adminis-
tration of β-lactamases hydrolysing β-lactams in the colon ap-
pears promising in Phase 2 studies,13–17 although limited to
β-lactam antibiotics. Filling this gap, DAV132 has been developed
for use with a broad range of antibiotics. It is made of millimetric
beads consisting of a core of a specific activated charcoal sur-
rounded by a polymer coating that is insoluble during transit
through the stomach and most of the small intestine. In the
Phase 1 studies programme, it was shown to dissolve in the dis-
tal ileum to liberate the charcoal, which then adsorbs and there-
by inactivates antibiotics in the caecum/colon.18 In another
Phase 1 study in healthy volunteers treated with oral moxifloxa-
cin, DAV132 reduced faecal antibiotic concentrations by 99% and
preserved intestinal microbiota diversity.19

As the charcoal contained in DAV132 is delivered in the late
ileum and not before, there is no adsorption of oral medications
in the upper part of the GI tract. Indeed, blood levels of drugs ab-
sorbed in the upper part of the small intestine, such as antibiotics
like amoxicillin18 and moxifloxacin,19 or other medications like
narrow therapeutic index drugs such as warfarin and clonaze-
pam20 are not impacted by co-administration of DAV132. Here,
we report the safety of DAV132 in an open-label, randomized,
Phase 2 clinical trial in hospitalized patients, mostly elderly
with comorbidities, receiving systemic fluoroquinolones (FQs)
for acute infections and DAV132 efficacy to protect intestinal
microbiota diversity and preserve colonization resistance.

Materials and methods
Study design and oversight
We performed a parallel-arm randomized open-label multicentre clinical
trial in hospitalized patients receiving FQs. The primary endpoint was the
safety of DAV132 based on the occurrence of events of interest (defin-
ition in the Supplementary methods, available as Supplementary data
at JAC Online). All other clinical and biological endpoints were secondary
(Table S1). Patients were randomized to receive DAV132 or No-DAV132,
and the 1:1 randomization was stratified according to FQ indication.
The trial was performed in an open-label fashion, since no placebo
with the ability to blacken the stools in the same manner as DAV132
could be identified. In response, an independent adjudication committee
(IAC), made up of external pharmacologists and pharmacovigilance ex-
perts, performed a blinded assessment of the causality of predefined
types of events (see Safety assessment section and Supplementary
methods). Approvals from Health Authorities and Ethics Committees
from each of the participating countries where the trial was run were

obtained before study initiation. All analytical assays were performed
in central laboratories blinded to the treatment arm.

Ethics
The study was conducted in agreement with Good Clinical Practice and re-
gistered appropriately (NCT03710694 and EUDAMED #CIV-18-03-023465).
Patients signed an informed consent prior to inclusion and randomization.
Regulatory authority approvals were obtained on the first version and the
final protocol in the participating countries (for details, see Supplementary
methods).

Patients
Eligible patients were ≥18 years old, hospitalized (excluding ICUs) for an
expected stay of≥3days, and treated for 5–21days with a FQmonother-
apy (moxifloxacin, levofloxacin or ciprofloxacin; oral or IV) for either a
lower respiratory tract infection (LRTI), a complicated urinary tract infec-
tion (cUTI) or for prophylaxis of febrile neutropenia. Inclusion criteria also
included risk factors for CDI (Table S2). Exclusion criteria included anti-
biotic exposure during the week preceding randomization, suspected or
confirmed CDI at screening or anti-C. difficile treatment, use of probiotics
or intestinal adsorbents, a history of faecal transplantation, or diarrhoea
of any cause (Table S2). As the duration of the FQ treatment was variable,
study visits were planned at fixed days following randomization, and at
days based on the end of FQ treatment (see Visits in Supplementary
methods and Figure S1).

Products and treatments
In the DAV132 arm, the product was given orally three times a day before
meals, at a unitary dose of 7.5 g (i.e. 5.1 g of activated charcoal), for the
entire duration of the antibiotic treatment, and for 2 days thereafter.

Study populations
The intent-to-treat set (ITTS) included all randomized patients managed
in compliance with Good Clinical Practice throughout the study (Figure 1).
The safety set (SS), on which safety was assessed, included patients from
the DAV132 arm having received at least one dose of DAV132 and one
dose of FQ for the No-DAV132 arm. The per protocol set (PPS), on which
efficacy was assessed, included patients having received at least 5 days
of DAV132 (if in the DAV132 arm) and of FQ, and without any major
protocol deviations.

Safety assessment
Clinical examinations were performed at each study visit and as needed
according to the investigator’s judgment. Management of comorbidities
and compliance with DAV132 treatment were documented throughout
the study. Adverse events (AEs), serious AEs (SAEs) and
treatment-emergent AEs (TEAEs) were described according to their pre-
specified definitions (see Supplementary methods). For predefined
events such as those reported as related to DAV132 and/or to FQ by
the investigators, AAD and modification of concomitant treatments of
comorbidities, i.e. events of interest for the study, their causality was in-
dependently adjudicated by the IAC whilst blinded to treatment alloca-
tion. Assessment of the absence of interaction of DAV132 with
antibiotic efficacy was based on the clinical cure of the original infection,
and relied on the investigator’s judgement and on the duration of hospi-
talization. The acceptability of DAV132 was assessed through question-
naires administered to patients, which used 1 (very bad) to 9 (very
good) scales for the evaluation of taste, texture, ease of intake, ease of
compliance with reconstitution and intake instructions, and ease of
reconstitution.
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Efficacy assessment
CDI and AAD were defined as described.21,22 Blood, rectal swabs and
stool were sampled at defined intervals after inclusion (Figure S1).
Plasma and free faecal FQ concentrations were measured by reversed-
phase HPLC coupled with tandem MS detection. Faecal carriage of en-
terobacteria producing ESBL, of VRE and of yeasts was assessed quali-
tatively and semi-quantitatively, while that of C. difficile was assessed
qualitatively only (all methods in Supplementary methods). Intestinal
microbiota analysis was carried out by 16S rRNA gene sequencing on
an Illumina MiSeq platform; α- and β-diversity indices were computed
as described.23 Resistance to C. difficile colonization in patients’ faeces
was assessed ex vivo, as described.24

Study endpoints
The primary endpoint was the proportion of patients with at least one
event of interest with causality considered related to DAV132 and/or to
FQ as assessed by the IAC. Secondary endpoints included other safety
endpoints, and clinical and biological efficacy endpoints such as the
rate of AAD, the plasma and faecal levels of FQ, intestinal colonization
with predefined bacteria, and diversity of the intestinal microbiota.

Statistics
The trial sample size, 260 patients, was based on the precision of the es-
timated AE rate. Assuming an observed IAC-adjudicated AE rate of 33%
in each arm, the difference in rates would be 0%, with a 95% CI of
−11.4% to +11.4%. This was considered a reasonable precision for a
Phase 2a study. A blocked randomization list stratified by indication of
FQ treatment was generated by computer. Randomization results were
communicated through a Web Response System.

All data were managed blindly prior to database lock and statistical
analyses performed with SAS® version 9.4 (Cary, NC, USA) or R version
3.6.1.25 While the ITTS was predefined to be analysed as randomized,
SS and PPS populations were predefined to be analysed as treated,
i.e. considering the treatments actually received by the patient.
Safety endpoints were analysed on the SS, and clinical and biological
efficacy endpoints were analysed on the PPS. For the primary endpoint,
the difference between treatments was calculated and the 95% CI for
the difference presented using the method of Miettinen and Nurminen.
Descriptive statistical analyses were performed for the AEs reported by
the investigators. Statistical tests were two-sided with a 5% level of

significance. For the analysis of each intestinal microbiota index, cor-
rection for multiple testing at different timepoints was used as de-
scribed.26 No missing data were expected for the primary endpoints
as the IAC reviewed relevant information on all patients. For secondary
and exploratory endpoints, data were classified as missing and not im-
puted, and the number of missing values was clearly stated.

Results
Patients
From October 2018 to August 2019, 260 patients were enrolled
at 24 study sites in Serbia (n=114 patients; 5 sites), Romania
(n=34; 10 sites), Bulgaria (n=110; 8 sites) and Germany (n=
2; 1 site). All 17 patients from one specific site were excluded,
based on the site’s non-compliance with Good Clinical Practice
(mostly unavailability of patient charts for monitoring). The
ITTS included 243 patients with 120 in the No-DAV132 arm
and 123 in the DAV132 arm (Figure 1). For safety purposes, the
SS analysed patients as actually treated; therefore, one patient
from the No-DAV132 arm who did not receive FQs was excluded
from the SS, whereas one patient from the DAV132 arm who did
not receive DAV132 was considered for safety analysis in the
No-DAV132 arm. Therefore, the SS included 242 patients from
23 participating centres. The PPS eventually comprised 199 pa-
tients. Baseline characteristics were similar between both arms
(Table 1); in particular, the mean duration of treatment with
FQs was 7.4 days in the No-DAV132 arm and 7.6 days in the
DAV132 arm (median 7.0 days in both arms), and the treatment
was initially administered by the IV route for 79.1% and 78.1% of
patients, respectively. The duration of treatment and the ratio of
IV route versus oral route of administration were similar between
FQs (see Table S3).

Safety

Primary endpoint

The proportions of patients with events of interest related to
DAV132 and/or FQ, as adjudicated by the IAC, were not different

Figure 1. Study populations flowchart. GCP, good clinical practice. This figure appears in colour in the online version of JAC and in black and white in
the print version of JAC.
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between arms [20 events in 13 (10.8%) No-DAV132 patients,
versus 25 events in 18 (14.8%) DAV132 patients; difference of
the proportions: 3.9%; 95% CI: −4.7% to 12.6%]. No event of
interest could be related to DAV132 only.

Secondary endpoints

Clinical safety Overall, 135 AEs were reported by the investiga-
tors in 74/242 patients (30.4%), without a clinically meaningful
difference between arms (Table 2). None of the TEAEs leading
to withdrawal from the study led tomodification of the regimens
of any concomitant drug. Overall, SAEs were reported in 17 pa-
tients, with a similar incidence between treatment arms, and

none were considered related to DAV132 or FQs (Table 2). All pa-
tients with non-fatal SAEs recovered, except for one with a lung
neoplasm. Themost frequent TEAEs were gastrointestinal, most-
ly constipation in DAV132 patients (5.7% versus 0.8% of
No-DAV132 patients), whereas diarrhoea events were more fre-
quent in No-DAV132 patients (6.7% versus 3.3% in DAV132 pa-
tients). Most TEAEs were mild to moderate. The incidence of
TEAEs leading to FQ discontinuation was similar between arms
(Table 2).

No patient with DAV132 required modification of the regimen
of concomitantly administered drugs.

The rate of cure of LRTI or cUTI was not different between the
No-DAV132 and DAV132 arms (95.9% versus 94.2%).

Table 1. Main characteristics of patients at baseline in the SS and PPS

Variables

SS PPS

No-DAV132
(n=120)

DAV132
(n=122)

No-DAV132
(n=104)

DAV132
(n=95)

Age, years, median (SD) 72.2 (7.8) 72.0 (8.1) 72.8 (5.9) 72.6 (7.9)
patients aged ≥65 years, n (%) 114 (95.0) 113 (92.6) 101 (97.1) 88 (92.6)

Male sex, n (%) 60 (50.0) 60 (49.2) 53 (51.0) 43 (45.3)
FQ indication, n (%)
LRTI 96 (80.0) 96 (78.7) 84 (80.8) 73 (76.8)
cUTI 20 (16.7) 22 (18.0) 17 (16.3) 19 (20.0)
febrile neutropenia (prophylaxis) 4 (4.2) 4 (3.3) 3 (2.9) 3 (3.2)

Fluoroquinolone administereda, n (%)
moxifloxacin 25 (20.8) 17 (13.9) 23 (22.1) 16 (16.8)
levofloxacin 48 (40.0) 57 (46.7) 43 (41.3) 47 (49.5)
ciprofloxacin 47 (39.2) 48 (39.3) 38 (36.5) 32 (33.7)

Chronic comorbidities
at least one comorbidity, n (%) 113 (94.2) 118 (96.7) 99 (95.2) 93 (97.9)
charlson comorbidity index, median (min–max) 2.0 (0–10) 2.0 (0–9) 2.0 (0–10) 2.0 (0–9)

Comorbidities, n (%)
severe cardiopulmonary conditionb 85 (70.8) 91 (74.6) 70 (72.2) 69 (80.2)
congestive heart failure 62 (51.7) 66 (54.1) 52 (53.6) 53 (61.6)
COPD 71 (59.2) 63 (51.6) 68 (65.4) 50 (52.6)
diabetes mellitus 35 (29.2) 49 (40.2) 29 (29.9) 38 (44.2)
cerebrovascular disease 15 (12.5) 10 (8.2) 13 (12.5) 5 (5.3)
solid tumour or haematological malignancy 12 (10.0) 9 (7.3) 11 (10.6) 8 (8.4)
moderate to severe chronic kidney disease 9 (7.5) 4 (3.3) 7 (6.7) 2 (2.1)
cirrhosis 3 (2.5) 4 (3.3) 3 (2.9) 3 (3.2)

Recent history of CDIc, n (%)
patients without any CDI 97 (80.8) 96 (78.7) 85 (81.7) 74 (77.9)
1 or 2 recent episodes 4 (3.3) 9 (7.4) 3 (2.9) 8 (8.4)

Previous hospitalization of more than 72h and/or receiving long-term nursing care for more
than 1month within the last 90days, n (%)

47 (39.2) 45 (36.9) 40 (38.5) 34 (35.8)

Previous cumulated exposure of at least 5 days to any antibiotic within the last 90 days, n (%) 107 (89.2) 114 (93.4) 98 (94.2) 89 (93.7)
β-Lactams, penicillins 20 (16.7) 15 (12.3) 18 (17.3) 10 (10.5)
β-Lactams, cephalosporins and carbapenems 52 (43.3) 53 (43.4) 43 (41.3) 42 (44.2)
quinolones 28 (23.3) 32 (26.2) 24 (23.1) 24 (25.3)
macrolides, lincosamides and streptogramins 27 (22.5) 28 (23.0) 26 (25.0) 24 (25.3)

aMost commonly used FQ dose regimen: (a) moxifloxacin 400mg once a day, IV route; (b) levofloxacin 500mg once a day, IV route; (c) levofloxacin
500mg once a day, oral route; (d) ciprofloxacin 200mg twice a day, IV route.
bSevere cardiopulmonary conditions included chronic congestive heart failure and severe arterial hypertension.
cThe time interval for recent history of CDI was within the last 6months prior to study inclusion.
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Hospitalization duration was similar between arms: median
(IQR): 8 (7−9) days in No-DAV132 versus 8 (7−10) in DAV132
patients.

The compliance with DAV132, defined as the proportion of pa-
tients who took 100% of the doses, was high (86.9%). Product
acceptability was good with a median score of 6–7 for the vari-
ous items (details in Table S4).

Biological safety Trough and peak plasma concentrations of
the three tested FQs were not significantly different between
arms for any regimen (Figure S2 and Table S5).

Vitamin K blood levels at the end of FQ treatment were similar
between groups: median (min–max): 180 (30–1449) versus 159
ng/L (30–1776) in No-DAV132 versus DAV132 patients, respect-
ively, as were blood electrolytes (data not shown).

Efficacy
Stools and rectal swabs were collected at predefined time-
points, e.g. 86.9% of faecal samples at end-of-FQ visit and
87.9% at 10+1 days for the pharmacokinetics analysis
(Figure S1).

Table 2. Number of AEs (TEAE or not) and as reported by the investigators, and number of patients affected by these AEs/TEAEs in patients not
receiving (No-DAV132) or receiving DAV132 in the SS

Characteristics

No-DAV132 (n=120) DAV132 (n=122)

number of patients (%) number of events number of patients (%) number of events

At least one AE 33 (27.5) 62 41 (33.6) 73
At least one TEAE 33 (27.5) 62 40 (32.8) 71
AE leading to study withdrawal 2 (1.7) 2 (3.2) 4 (3.3) 4 (5.5)
SAE 8 (6.7) 8 (12.9) 9 (7.4) 9 (12.3)
AE leading to death 2 (1.7) 2 (3.2) 2 (1.6) 2 (2.7)
Intensity of the AE
mild 24 (20.0) 35 29 (23.8) 44
moderate 13 (10.8) 23 12 (9.8) 19
severe 3 (2.5) 4 6 (4.9) 8

At least one TEAE related to DAV132 NA NA 8 (6.6) 8 (11.3)
At least one TEAE related to FQ 9 (7.5) 9 (14.5) 11 (9.0) 11 (15.5)
At least one TEAE related to DAV132 only NA NA 0 0
Any TEAE 33 (27.5) 62 40 (32.8) 71
Gastrointestinal disorders 15 (12.5) 23 17 (13.9) 22
diarrhoea 8 (6.7) 8 4 (3.3) 4
constipation 1 (0.8) 1 7 (5.7) 7
nausea 2 (1.7) 2 4 (3.3) 4
abdominal pain 4 (3.3) 4 1 (0.8) 1

General disorders and administration site conditions 5 (4.2) 6 8 (6.6) 8
Infections and infestations 5 (4.2) 5 6 (4.9) 6
Vascular disorders 3 (2.5) 3 5 (4.1) 6
Cardiac disorders 4 (3.3) 4 4 (3.3) 5
Nervous system disorders 3 (2.5) 3 4 (3.3) 4
Psychiatric disorders 0 0 2 (1.6) 3
Respiratory, thoracic and mediastinal disorders 7 (5.8) 7 3 (2.5) 3
Musculoskeletal and connective tissue disorders 1 (0.8) 1 2 (1.6) 2
Ear and labyrinth disorders 0 0 2 (1.6) 2
Skin and subcutaneous tissue disorders 0 0 2 (1.6) 2
Investigations 3 (2.5) 4 2 (1.6) 4
Metabolism and nutrition disorders 3 (2.5) 5 1 (0.8) 1
Renal and urinary disorders 1 (0.8) 1 1 (0.8) 1
Neoplasms benign, malignant and unspecified 0 0 1 (0.8) 1
Reproductive system and breast disorders 0 0 1 (0.8) 1

Several AEs may have occurred in a single patient. An AE is any untowardmedical occurrence, unintended disease or injury, or untoward clinical signs
(including abnormal laboratory findings) in a patient participating in a clinical study whether or not the event is related to a treatment or procedure. A
TEAE is an AE that occurs on or after the first administration or that is present prior to dosing but is exacerbated on or after the first administration. An
SAE is defined as any untoward medical occurrence that, at any dose, results in death, is life-threatening, requires hospitalization or prolongation of
existing hospitalization, results in persistent or significant disability/incapacity, or is a congenital anomaly/birth defect. NA, not applicable.

DAV132 Phase 2 study

1159

http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkab474#supplementary-data
http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkab474#supplementary-data
http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkab474#supplementary-data
http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkab474#supplementary-data


Faecal levels of fluoroquinolones

Co-administration of DAV132 led to a major reduction in the fae-
cal levels of all FQs, at all times, with the geometric mean of free
FQ faecal concentrations at the end-of-FQ visit reduced by
99.6%, 98.6% and 99.8% for levofloxacin, moxifloxacin and ci-
profloxacin, respectively (Figure 2).

Clinical and biological endpoints

No CDI occurred in any patient. The proportion of AAD was
not significantly different between treatment arms
[between-treatment-arm difference in proportions of AAD: 2.6
(95% CI:−2.1 to 8.1); 5 patients (4.2%) in No-DAV132 arm versus
2 (1.6%) patients in DAV132 arm]. There was a trend towards de-
creased newly acquired C. difficile colonization during FQ treat-
ment in DAV132 patients (5/101 versus 0/88; P=0.06).
Furthermore, the ex vivo-tested resistance of patient faeces to
proliferation of inoculated C. difficile, while similar between
both arms at baseline, was significantly better preserved in pa-
tients who received DAV132: mean (95% CI) proliferation: 0.25
log cfu/mL (0.01–0.48) in DAV132 (n=46) versus 0.87 (0.53–
1.21) in No-DAV132 (n=52); P=0.035 (Figure 3a).

The proportion of patients who acquired VRE during FQ treat-
ment was similar between arms (No-DAV132, n=20 versus
DAV132, n=16). However, in those newly colonized patients,
the mean faecal counts of VRE per gram of faeces was reduced
by.98% in those who received DAV132: mean (95% CI) log10 of
VRE count: 5.4 (4.41–6.39) in the No-DAV132 arm versus 3.6

(2.49–4.64) in the DAV132 arm; P=0.025 (Figure 3b). By contrast,
there was no statistically significant difference between arms in
terms of acquisition of ESBL-producing Enterobacteriaceae or
yeasts (data not shown).

Protection of intestinal microbiota diversity

In the No-DAV132 arm, FQ treatment induced a decreased intes-
tinal microbiota α-diversity and richness, as assessed by the
change at the end of FQ versus baseline for the Shannon index
(mean+SEM: −0.44+0.14) and the number of observed oper-
ational taxonomic units (OTUs) (mean+SEM: −23.5+6.1).
These were highly significantly prevented by DAV132, both for
the Shannon index [difference of means (95% CI) for
No-DAV132 versus DAV132: −0.42 (−0.71 to −0.12); P=0.024]
and the number of observed OTUs [difference of means (95%
CI) for No-DAV132 versus DAV132: −28.1 (−42.6 to −13.7); P=
0.001], respectively (Figure 4). In DAV132 patients, the mean
(SEM) changes at the end of FQ versus baseline were −0.02
(0.10) for the Shannon index and 2.4 (5.1) for the number of ob-
served OTUs. Ten and 30 days after the end of FQ, microbiota di-
versity and richness were not significantly different between
arms. Differences in composition of the microbiota were ana-
lysed by computing two β-diversity indices, Bray–Curtis dissimi-
larity and unweighted UniFrac distances (Figure 5). Both
metrics show that the composition of the microbiota was signifi-
cantly less altered when patients were co-administered DAV132
together with antibiotics.

Figure 2. Faecal free concentrations of FQs at successive timepoints since study initiation. Faecal free concentrations of FQs (mean+SEM) in PPS
patients treated in the absence (red signs) or presence (blue signs) of DAV132 are shown. At each timepoint, the values from both arms were com-
pared using a Wilcoxon rank sum test. MXF, moxifloxacin; LVX, levofloxacin; CIP, ciprofloxacin (by FQ, all dose regimens together for each FQ). This
figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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Discussion
Our most important result in this first-in-patient trial with
DAV132 was that the number of AEs was similar between both
arms, providing reassurance for the safe use of the product.
This result was observed in a challenging setting of mostly elder-
ly patients with comorbidities, which is reassuring. The safety of
DAV132 was confirmed by several secondary endpoints. First,
none of the investigators felt it necessary to adjust any of the re-
gimens of the concomitant treatments prescribed for comorbid-
ities. This may suggest an absence of clinically meaningful drug
interactions in the intestinal tract between DAV132 and other

treatments, because of DAV132’s localized site of action in the
caecum and colon. Nearly all drugs used here for the care of pa-
tients are absorbed proximally to the distal ileum; thus, their
pharmacokinetics should not be modified, as shown for some
probes in volunteers.18–20 Second, treatment with DAV132 was
not modified by investigators after initiation, demonstrating
good safety and acceptability. Third, antibiotic treatment suc-
cess rates, as well as hospitalization duration, were not different
between arms, regardless of the FQ type and regimen. FQ
pharmacokinetics in plasma were preserved and similar in pa-
tients receiving DAV132 or not. Fourth, no biological parameter
was significantly modified in patients receiving DAV132. In

Figure 3. Microbiological assessment of the effect of DAV132 on the intestinal colonization of patients from the PPS in the DAV132 (blue) or No
DAV132 (red) arm. (a) Ability to prevent the growth of C. difficile inoculated ex vivo into stools of patients collected at baseline (D1) or at the end
of FQ treatment. (b) Quantification of the acquisition of VRE colonization at the end of FQ treatment among those not colonized at baseline. Each
box shows the IQR (the bottom is Q1; the top is Q3) and the inner line is the median. In (a) and (b), values from both arms were compared using
a Wilcoxon rank sum test. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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particular, the serum level of vitamin K, which is produced by the
intestinal microbiota and is instrumental for blood coagulation,27

was not affected.
The efficacy of DAV132 in protecting the intestinal microbiota

from FQ-induced changes was another important result: the im-
pairment of metagenomic α-diversity indices, which are recog-
nized as the major descriptive element of a healthy
microbiota,28 was significantly prevented. This is likely related
to the almost complete elimination of FQ residues from the colon
by DAV132, thereby sparing the microbiota from antibiotic ex-
posure, as previously shown in volunteers.19

The trial results also suggest a functional benefit of DAV132 in
preserving resistance to colonization by potentially pathogenic
microorganisms. First, among patients who acquired VRE during

FQ, VRE counts were significantly lower at the end of FQ in
DAV132 patients. Nosocomial infections can be preceded by
VRE colonization and overgrowth,29,30 which may also promote
spread to other patients,31 resulting in complications and
costs.32 Thus, DAV132 may limit the spread of and subsequent
infections with VRE. We did not observe the same effect for
ESBL-producing Enterobacteriaceae. However, in vivo results in
mice treated with a third-generation cephalosporin suggest
that it might be different in other epidemiological settings.33 Of
note, a Phase 2 study assessing colonization resistance during
co-administration of an orally administered β-lactamase to-
gether with an IV cephalosporin treatment yielded similarly dis-
crepant results between Gram-negative and Gram-positive
pathogens,17 just like faecal microbiota transfer treatments in

Figure 4. Microbiota diversity at different days after the start of the FQ treatment in patients without (red) or with DAV132 (blue) in the PPS. (a)
Shannon diversity index (mean+SEM) and (b) the number of observed OTUs (mean+SEM). At each timepoint, the values from both arms were com-
pared using aWilcoxon rank sum test and P values are reported for the significant differences. This figure appears in colour in the online version of JAC
and in black and white in the print version of JAC.
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eradicating VRE and/or MDR Gram-negative pathogens from the
human gut.34,35 Gram-negative pathogens seem to occupy an
ecological niche that is more difficult to modify than that of
VRE.36,37

Second, the co-administration of DAV132 conferred improved
colonization resistance against C. difficile. Patients taking DAV132
tended to be less frequently colonized by C. difficile and the ex
vivo assay demonstrated the maintained growth-suppressive

effect of faeces recovered from DAV132 recipients. This is in
agreement with results in hamsters, which demonstrated the
ability of activated charcoal to prevent CDI after a FQ38,39 or clin-
damycin.23 Hence, there is consistency between the prevention
of antibiotic-induced dysbiosis by DAV132 (assessed by α- and
β-diversity indices) and the concomitant maintenance of resist-
ance to colonization by potentially pathogenic bacteria such as
VRE and C. difficile.

Figure 5. Microbiota β-diversity at different days after start of the FQ treatment in patients without (red) or with DAV132 (blue) in the PPS. (a) Bray–
Curtis dissimilarity and (b) unweighted UniFrac distances. Each box shows the IQR (the bottom is Q1; the top is Q3) and the inner line is the median. At
each timepoint, the values from both arms were compared using a Wilcoxon rank sum test and P values are reported for the significant differences.
This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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Our study has limitations. One is the lack of a placebo that can
uniformly blacken the stools as DAV132 does. We minimized the
consequences of this by keeping the IAC blinded to the random-
ization arm for analysing the causality of events of interest, and
by performing all biological assays blind. Another limitation is the
focus on FQs only. This enabled us to obtain a more homoge-
neous patient population than that of a study open to all antibio-
tics. Importantly, in vitro19 and in vivo studies23,33 have shown
that DAV132 efficiently adsorbs antibiotics from non-FQ classes,
hence the conclusions may be applicable to other antimicrobials.
Finally, we conducted our study in four countries only; however,
no country-specific effect was observed.

In conclusion, DAV132 was safe in mostly elderly hospitalized
patients with comorbidities who received FQs for the treatment
or prevention of infection, and effective in preventing
antibiotic-induced changes in the intestinal microbiota. Given
the increasing concern that antibiotic-induced intestinal changes
aremajor drivers of a broad range of acute and chronic infectious
and non-infectious diseases, as well as a factor that limits the ef-
ficacy of somemajor anticancer therapies, the results of this trial
underline the importance of further clinical development of
DAV132.
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