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Background: Increasing antibiotic resistance in Helicobacter pylori necessitates research on new active molecules. 
In 2017, delafloxacin, a new fluoroquinolone with chemical properties of activity under acidic conditions, was 
approved for treatment of community-acquired bacterial pneumonia and acute bacterial skin and soft-tissue 
infections. Mutations in gyrA are responsible for fluoroquinolone resistance, but certain clinical isolates of H. pylori 
appear to display a dual phenotype: resistance to levofloxacin associated with very low delafloxacin MICs. 

Objectives: To estimate epidemiological cut-off (ECOFF) values and to identify mutations in the gyrA gene, spe-
cific to FQ resistance, without increasing the MICs of delafloxacin. 

Methods: Clinical strains (n = 231) were collected in the bacteriology laboratory of Poitiers University Hospital 
over a 2 year period to determine the ECOFF of delafloxacin. Retrospectively, 101 clinical strains with an 
levofloxacin-resistant phenotype (MIC > 1 mg/L) were selected from 2018 to 2022 for delafloxacin MIC 
determination and QRDR (gyrA) sequencing. 

Results: The estimated ECOFF of delafloxacin was ≤0.125 mg/L. No H. pylori isolate showed a levofloxacin- 
sensitive phenotype with a delafloxacin MIC of >0.125 mg/L. Among the levofloxacin-resistant H. pylori isolates, 
53.5% had delafloxacin MICs of ≤0.125 mg/L. The N87I mutation was associated with dual levofloxacin/ 
delafloxacin resistance (P < 0.001) in contrast to the N87K and D91N mutations (P > 0.05). Mutations D91G 
and D91Y were not associated with a delafloxacin resistance phenotype (P > 0.05). 

Conclusions: Delafloxacin seems to be a therapeutic alternative for levofloxacin-resistant strains with greater in 
vitro activity. However, further clinical/biological investigations are required to determine its efficacy in H. pylori 
eradication.

© The Author(s) 2024. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. All rights reserved. For 
commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained 
through our RightsLink service via the Permissions link on the article page on our site—for further information please contact 
journals.permissions@oup.com.

Introduction
Helicobacter pylori is a Gram-negative bacterium that infects 
the stomach of half of humanity. Often asymptomatic, H. pylori 
infection can nonetheless cause gastroduodenal diseases: gas-
tritis, ulcer or gastric cancer.1 Recently, the sixth Maastricht 
(VI)/Florence European Consensus Conference recommended 
that eradication treatment should be guided by antibiotic sus-
ceptibility testing results. Currently, treatment is based on a 
combination of antimicrobial agents according to local 
recommendations.

Levofloxacin-based triple or quadruple therapy can be used as 
second-line treatment for rescue eradication of H. pylori after 

failure of clarithromycin-based triple therapy or bismuth quadru-
ple or non-bismuth concomitant quadruple therapy.2,3

For several years, levofloxacin-based therapies have been 
compromised by increased fluoroquinolone (FQ) resistance 
(over 20% in several countries and up to 50% in some regions).4,5

For example, in Italy, a progressive increase in the rate of 
resistance to levofloxacin has been reported, initially at 10% in 
2017 and up to 37.8% in 2020. The authors also reported a sec-
ondary resistance rate of close to 60% in patients with therapeut-
ic failure.6 The high level of resistance reported in certain regions 
has an impact on the therapeutic strategy, resulting in a switch 
to a more effective bismuth therapy, as demonstrated recently.7

Detection of antibiotic resistance in H. pylori is routinely 
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performed phenotypically by determining the MICs of antibiotics 
used for eradication treatment following the EUCAST/Comité de 
l’antibiogramme de la Société Francaise de Microbiologie 
(CA-SFM) recommendations.8 FQ resistance in H. pylori strains is 
mainly due to amino acid substitution in gyrA with D91G, D91N, 
N87K or N87I leading to FQ resistance.9,10

Levofloxacin is the FQ used for the eradication of H. pylori. 
A novel FQ, named ‘delafloxacin’, has drawn growing interest 
due to its acid-resistant properties.11,12 Delafloxacin is a brand-new 
non-zwitterionic anionic FQ with unique chemical properties due 
to its special structure, enabling it to be more effective under 
acidic conditions and to have dual action against DNA gyrase 
and type IV topoisomerase.13,14 Available in different formula-
tions (for both oral or IV administration) in Europe, America and 
the Asia-Pacific region population, this molecule has already 
been used to treat community-acquired bacterial pneumonia.15

In these clinical situations, delafloxacin has been shown to be 
effective not only against MRSA and MSSA isolates, but also 
against levofloxacin-resistant Staphylococcus aureus.16 High 
microbiological response rates were observed against these iso-
lates, as well as against isolates with documented mutations in 
the QRDR.16 These results suggest an in vitro difference between 
delafloxacin and other quinolones. A previous study showed very 
low delafloxacin MICs for levofloxacin-resistant H. pylori 
strains (MIC50 = 0.094 and MIC90 = 0.38 mg/L) but since a clinical 
breakpoint (CB) has not yet been defined, it is difficult to analyse 
these results.17 In the absence of an established CB, the 
epidemiological cut-off (ECOFF) value can be calculated from 
the distribution of a WT bacterial population.18 ECOFFs 
are based on the phenotypic traits of the microorganism and 
the antimicrobial agent.19 The upper end of WT distribution 
has been defined and applied in the process of evaluating 
antimicrobial in vitro activity.20 Delafloxacin in vitro activity 
against H. pylori could be estimated by the ECOFF, without re-
placing a CB, which would be decisive for H. pylori eradication 
in patients.

In the literature, some pharmacokinetic (PK) and pharmaco-
dynamic (PD) properties of the drug have been described. These 
include oral bioavailability of 58.8%, with plasma protein bind-
ing of 84%, and the half-life ranged from 4.2 to 8.5 h following 
oral administration, with no difference regarding age and sex. 
Monte Carlo simulation analyses using clinical PK and non- 
clinical PK/PD data revealed a high PTA for MIC values of 
≤0.5 mg/L with IV and oral doses of 300 and 450 mg, respectively. 
These doses were chosen for the Phase 3 studies.21,22 It is 
important to exercise caution in light of the paucity of information 
in the literature on the intragastric passage of this molecule, 
which complicates interpretation of data on its effectiveness 
against H. pylori.

Although the relationship between FQ phenotypes and 
resistance-conferring gyrA mutations is established, MICs of 
delafloxacin and levofloxacin for H. pylori strains did not always 
appear to be equivalent, suggesting that some gyrA mutations 
have not yet been determined regarding delafloxacin resistance. 
The aim of the present study was to compare delafloxacin and 
levofloxacin activity against H. pylori strains, based on ECOFF and 
CB values, respectively, and to identify, among H. pylori, gyrA mu-
tations associated with levofloxacin resistance (MIC > 1 mg/L), 
that could impact delafloxacin MIC.

Methods
Strains tested for delafloxacin (ECOFF), Cohort A
An ECOFF estimation was set up to assess the in vitro activity of delaflox-
acin. CLSI software (ECOFFinder_XL_2010_v2.1) was used.23 For this pur-
pose, a prospective distribution of delafloxacin MICs obtained by a 
gradient strip method (Liofilchem, Roseto degli Abruzzi, Italy) was carried 
out on a cohort (Cohort A) of H. pylori clinical strains (n = 231), isolated 
from patient biopsies between 2022 and 2023 at the University 
Hospital of Poitiers.

Characterization of H. pylori from gastric biopsy was part of routine la-
boratory diagnostics, and prospective determination of delafloxacin MIC 
had been implemented in 2022 as described in this manuscript. Gradient 
strip range for delafloxacin MIC was in conformity with a 2-fold dilution 
series from 0.002 to 32 mg/L for ECOFF determination.

Genomic investigation population, Cohort B
To study the correlation between delafloxacin/levofloxacin MIC values 
and gyrA mutations, clinical isolates of levofloxacin-resistant H. pylori 
(n = 101; 98 patients) collected at the University Hospital of Poitiers 
(Poitiers, France) between 2018 and 2022 were retrospectively selected 
(Cohort B). For each strain, the gyrA gene was sequenced and both the de-
lafloxacin and levofloxacin MICs have been analysed accordingly.

H. pylori culture, isolation and AST
H. pylori strains from gastric biopsies were isolated using selective media; 
specifically, Mueller–Hinton (Oxoid, Basingstoke, UK) supplemented with 
10% defibrinated horse blood and Skirrow selective supplement (Oxoid) 
were used. Samples were then incubated in microaerobic conditions for 
44 h at 35°C ± 2°C. Strains were identified at the species level by urease 
activity (bioMérieux, Marcy-l’Étoile, France) and morphological identifica-
tion by Gram staining (CellaVision, Lund, Sweden). According to national 
recommendations, both clarithromycin and levofloxacin MICs were de-
termined by using gradient strips (Liofilchem) then interpreted according 
to the French Society for Microbiology and EUCAST guidelines (considering 
a CB of 1 mg/L for both agents).24 The proportion of bacterial strains for 
which quinolone antibiotic therapy would have been recommended 
was determined by collecting clarithromycin resistance data. Among 
levofloxacin-resistant strains, low-level resistance was defined as an 
MIC between 1 and ≤2 mg/L, intermediate-level resistance as an MIC 
between 3 and ≤24 mg/L, and high-level resistance as MIC > 24 mg/L. 
In parallel, delafloxacin MICs were determined using the same 
methodology.25

gyrA sequencing
As indicated previously, the H. pylori genome was sequenced to 
determine the presence of gyrA mutations. Primers were 5′-TGA-GCG- 
TGA-TCA-TAG-GGC-GCG-CTT-TAC-CGG-A-3′ and 5′-GGG-GGA-TAG-AAG- 
TCG-CCA-TCC-CTA-CAG-CGA-TCC-CA-3′ (474 bp). Taq DNA Polymerase 
(Hifi Kapa Hot Start, Roche, Meylan, France) was used for PCR amplifica-
tion, which was performed in 25 µL final volumes. The PCR profile was 
as follows: 1 cycle of 3 min at 95°C; 35 cycles of 20 s at 98°C, 15 s at 
69°C and 2 min at 72°C; and then 2 min at 72°C. After checking PCR amp-
lification by 1.5% agarose gel electrophoresis, Sanger sequencing was 
performed (3500Dx, Thermo Fisher, Waltham, USA). The sequencing pro-
cess was carried out using BigdyeTM Terminator v3.1 (Thermo Fisher) 
(i.e. 1 cycle of 1 min at 96°C and 25 cycles of 5 s at 96°C, 10 s at 50°C, 
3 min at 60°C) before analysis on SeqScape version 2.7 (Thermo Fisher). 
The nucleotide and deduced amino acid sequences of analysed isolates 
were compared with those of the known H. pylori gyrA gene (GenBank 
accession number: PRJNA1081826).

Luzarraga et al.
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Statistical analyses
Statistical analyses were performed using GraphPad Prism 9.0.0 software 
(Dotmatics, Boston, USA). Quantitative variables were compared using 
the non-parametric Mann–Whitney test or the z-test. Qualitative vari-
ables were compared using a chi-squared test or Fisher’s exact test. 
Correlation tests were performed using Spearman’s non-parametric 
test. For each statistical test, a P value of <0.05 was considered as signifi-
cant (0.01 as highly significant).

Results
Estimation of delafloxacin ECOFF value and in vitro 
delafloxacin activity (Cohort A)
Using Cohort A (n = 231 strains), analysis of delafloxacin MIC 
results led to an estimation of a delafloxacin ECOFF 99% at 
0.125 mg/L using both CLSI ECOFFinder_XL_2010_v2.1 software 
and graphical analysis (Figure 1). All strains of Cohort A presenting 
a delafloxacin MIC below this threshold were considered as suscep-
tible strains. Delafloxacin and levofloxacin MIC50 and MIC90 values 
were 0.016 and 0.125 mg/L versus 0.125 and ≥32 mg/L, respective-
ly. Levofloxacin-resistant strains all presented delafloxacin MICs 
of ≥0.016 mg/L. No clinical isolates with delafloxacin MIC > 0.125 
mg/L have been found to be susceptible to levofloxacin (Figure 1).

Note that in Cohort A, the clarithromycin resistance rate was 
estimated to be 17.7% (n = 41) (Table 1). Considering a delaflox-
acin ECOFF of 0.125 mg/L, five isolates (2%) of H. pylori were con-
sidered susceptible to this antibiotic, even if doubly resistant to 
clarithromycin and levofloxacin.

In vitro delafloxacin activity in levofloxacin-resistant 
H. pylori isolates (Cohort B)
Among Cohort B (composed of levofloxacin-resistant strains), 
24 strains (24/101; 23.8%) have been considered as low-level 

resistant strains, 29 (29/101; 28.7%) have been considered as 
intermediate-level resistant strains and 48 (48/101; 47.5%) 
have been considered as high-level resistant strains.

Among this cohort, 54 (54/101; 53.4%) strains were consid-
ered as susceptible to delafloxacin according to the previously 
determined ECOFF. The proportion of delafloxacin-resistant iso-
lates positively correlates with the levofloxacin MIC (P < 0.05) 
so that delafloxacin-resistant isolates (MIC > 0.125 mg/L) 
were more frequent in isolates with higher levofloxacin MICs 
(≥16 mg/L) (P < 0.01) (Figure 2). Delafloxacin MIC50 and MIC90 va-
lues (0.125 and 0.75 mg/L, respectively) were at least 32 times 
lower than levofloxacin MIC50 and MIC90 values (16 and 
>32 mg/L, respectively).

Delafloxacin phenotype of strains and gyrA QRDR 
mutations (Cohort B)
Levofloxacin-resistant H. pylori strains were sequenced, and sev-
eral mutations were found in the gyrA QRDR (Table 2). Among 
these strains, 84 (84/101; 83.2%) presented a single-point 
polymorphism and 14 strains (14/101; 13.9%) a double-point 
polymorphism. Nine polymorphisms in gyrA were identified, lead-
ing to substitution of the amino acids 87, 91, 92, 99 and 129. 
Position 87 was the most commonly substituted (62/98; 

Figure 1. Microbiological distribution of 231 H. pylori isolates (Cohort A) 
for calculating delafloxacin ECOFF associated with levofloxacin pheno-
type. The measured ECOFF of ≤0.125 mg/L (black arrow) corresponds 
to a distribution of 99.0% (according to ECOFFinder_XL_2010_v2.1 soft-
ware). Levofloxacin-susceptible and -resistant strains have been indi-
cated in grey and black, respectively.

Table 1. H. pylori strains: clarithromycin and levofloxacin resistance 
among delafloxacin-susceptible isolates

H. pylori antibiotic susceptibility phenotype (n = 231) No. of isolates (%)

CLA-R 41 (17.7)
CLA-R and LVX-R 9 (3.9)
CLA-R and LVX-R and DLX-S 5 (2.2)

CLA, clarithromycin; LVX, levofloxacin; DLX, delafloxacin; R, resistant; 
S, susceptible.

Figure 2. Proportions of the delafloxacin phenotypes according to the 
levofloxacin MIC among 101 H. pylori isolates. Based on the levofloxacin 
MIC (x-axis) for the number of strains (right axis) and the proportion 
of delafloxacin-resistant strains (left axis). Delafloxacin-susceptible 
and -resistant strains have been indicated in grey and black, respectively.

In vitro activity of delafloxacin against H. pylori                                                                                               

3 of 7

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/advance-article/doi/10.1093/jac/dkae269/7731308 by IN

SER
M

 U
260 user on 13 August 2024



63.3%) and substitution N87I (n = 29; 29,6%) was the most fre-
quent. In the whole cohort, delafloxacin MICs were significantly 
lower than levofloxacin MICs only for substitution at positions 
87 and 91 (P < 0.01) without significant difference in delafloxa-
cin MIC means between strains harbouring substitutions in 
positions 91 or 87 (P > 0.05). However, among delafloxacin- 
resistant strains, substitution at position 87 (36/62; 58.1%) 
was over-represented compared with position 91 (14/45; 31.1%) 
(P < 0.01). Moreover, the N87I substitution was associated with 
higher delafloxacin MICs (at least three times more; P < 0.01) 
than other mutations, whereas the N87K substitution could 
not be associated with any delafloxacin phenotype (P > 0.05). 
Similarly, at position 91, the D91N substitution was more 
frequently associated with delafloxacin-susceptible strains 

(P < 0.05), while the D91G substitution could not be associated 
with any delafloxacin phenotype (P > 0.05) (Figure 3).

Mutations at position 87, particularly N87K and N87I, were as-
sociated with intermediate to high levels of resistance, whereas 
mutations at position 91, such as D91N and D91G, were asso-
ciated with low to intermediate levels of resistance to levofloxa-
cin (Figure S1, available as Supplementary data at JAC Online).

Discussion
Delafloxacin is a novel FQ with higher activity in acidic environ-
ments and lower MICs compared with other molecules of this 
family.13 Currently, there is no evidence to support the use of de-
lafloxacin in treating H. pylori infections, as there are no validated 

Figure 3. Distribution of single point mutations detected in gyrA (QRDR) in levofloxacin-resistant H. pylori strains according to delafloxacin MIC. 
(a) Levofloxacin-resistant strains with mutations at position 87 according to delafloxacin phenotype; (b) levofloxacin-resistant strains with mutations 
at position 91 according to delafloxacin phenotype. Delafloxacin MICs were classified into two ranges on either side of the measured ECOFF for this 
antibiotic.

Table 2. QRDR mutations in levofloxacin-resistant H. pylori isolates (n = 101) according to delafloxacin MIC

Mutation N (%)

Delafloxacin

MIC range (mg/L) MIC50 (mg/L) MIC90 (mg/L)

Phenotype

S, n (%) R, n (%)

Absence of mutation (n = 3) 3 (100) 0.016–2 0.19 2 1 (33.3) 2 (66.6)
Single point mutation (n = 84)

N87K 21 (25.0) 0.032–4 0.125 0.50 12 (57.1) 9 (42.9)
N87I 25 (29.8) 0.032–3 0.38 1.5 5 (20.0) 20 (80.0)
N87Y 2 (2.3) 0.016–0.047 — — 2 (100.0) 0 (—)
N87T 1 (1.2) 0.75 — — 0 (—) 1 (100.0)
D91N 19 (22.6) 0.032–0.5 0.094 0.5 15 (78.9) 4 (21.1)
D91Y 7 (8.3) 0.023–0.094 0.032 1.0 6 (85.7) 1 (14.3)
D91G 9 (10.7) 0.0016–2 0.064 0.38 6 (66.7) 3 (33.3)

Double point mutation (n = 14)
N87K and othera 3 (21.4) 0.032–0.094 0.064 0.094 3 (100.0) 1 (—)
N87I and otherb 4 (28.6) 0.19->32 0.38 >32 0 (—) 4 (100.0)
N87T and otherc 6 (42.9) 0.004–0.19 0.064 0.19 4 (66.7) 2 (33.3)
D99N + A129T 1 (7.1) 0.19 — — 0 (—) 1 (100.0)

aA92T (n = 2) and P151S (n = 1). 
bD91G (n = 1), D91N (n = 1), D91Y (n = 1) and D161N (n = 1). 
cD91N (n = 3), D91N + L167I (n = 1), D91N + D155G (n = 1) and D91Y (n = 1).
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CBs for this bacterium. One previous study observed lower MICs 
of delafloxacin compared with levofloxacin against H. pylori iso-
lates without a cut-off value to interpret MICs as susceptible 
or resistant.17 Herein, to establish an ECOFF for delafloxacin, 
H. pylori MICs were obtained, using gradient test strips, for iso-
lates from a large clinical cohort (n = 231). Whilst the broth micro-
dilution method is considered as the reference for determining an 
ECOFF, the correlation between this method and gradient test 
strips was found to be outstanding for levofloxacin, clarithromy-
cin and amoxicillin.26,27 Since the aggregated MIC distribution 
must include at least five valid MIC distributions (generated in 
separate laboratories), the present study allows only a tentative 
ECOFF (TECOFF) value according to EUCAST definition, in the 
absence of such a multicentre study (harder to set up). In doing 
so, interlaboratory variability was not calculated since delafloxa-
cin MICs were determined only at a single centre. Other studies 
are required to determine interlaboratory variability.

Delafloxacin MICs were determined following the French nation-
al recommendations, and a TECOFF breakpoint of 0.125 mg/L was 
determined, which aligns with the EUCAST breakpoints for other 
bacteria such as Escherichia coli (MIC ≤ 0.125 mg/L).28 To obtain ro-
bust findings, delafloxacin MIC tests were performed in duplicate 
for values close to the TECOFF breakpoint (Figure 1 and Table 1).

A previous study has shown low MICs of delafloxacin for clin-
ical isolates of H. pylori resistant to levofloxacin, supporting the 
current findings. In our study, both delafloxacin and levofloxacin 
MIC50 and MIC90 values observed from Cohort A were the same 
as those already observed.29 For Cohort B, delafloxacin MIC50 
and MIC90 values were 0.125 and 0.75 mg/L, respectively, close 
to other studies.17 This very small difference could be explained 
by the large collection of strains in the present cohort.

This study assessed delafloxacin in vitro activity in a cohort of 
101 levofloxacin-resistant H. pylori using the delafloxacin TECOFF 
derived from H. pylori consecutive clinical strains. Mutations at 
positions 87 and 91 were associated with levofloxacin resistance, 
as indicated previously, even if the distribution of mutations in this 
study differs from that observed in France in 2012.9 Within Cohort 
B, high levofloxacin MICs (≥16 mg/L) have been associated with 
high delafloxacin MICs (Figure 2). N87I (29.6% of all mutations) 
was associated with high delafloxacin MICs, suggesting that this 
mutation may induce resistance to delafloxacin. On the contrary, 
low levofloxacin MIC and low delafloxacin MIC appeared to be 
associated with a substitution at position 91 (especially with the 
D91N mutation being the most frequent, i.e. 71.5%). Finally, 
the N87K mutation was detected in both delafloxacin-resistant 
(n = 9) and delafloxacin-susceptible isolates (n = 15), suggesting 
that this substitution alone is not sufficient to confer resistance 
to delafloxacin. As previously published, the present study demon-
strated that D91 mutations, which are prevalent in the literature 
(with frequencies ranging from 11.6% to 13.96% in some studies) 
and for which delafloxacin confers a net benefit, remained less 
frequent than N87K mutations (with frequencies ranging from 
37.5% to 52.35%), for which this molecule is also ineffective. 
These epidemiological data indicate that the clinical benefit of 
using this molecule in situations of levofloxacin resistance may 
be limited by up to one-third or one-half.30,31

The sequencing of gyrA has allowed study of the nucleotide 
coordinates between 89 and 562 (on a 474 bp long sequence). 
The N87T substitution was identified once in conjunction with a 

single point mutation and five times in association with substitution 
at position 91. Thus, the increased delafloxacin MIC in these six iso-
lates could be attributed to the D91N mutation (n = 5) and the D91Y 
mutation (n = 1). Indeed, in H. pylori J99 strain, N87T occurred natur-
ally and has been linked to elevated susceptibility to FQs.32

Other mutations (including D99N, A129T, A92T, D161N, P151S) 
were observed in the present study. The D99N mutation 
was observed only once (associated with quinolone resistance, 
with levofloxacin MIC of >32 mg/L).33,34 In the current study, the 
A129T-harboring strain presented a delafloxacin MIC of 0.19 mg/L, 
categorizing it as resistant according to the TECOFF. In the literature, 
previous studies have reported A92T and A129T mutations among 
levofloxacin-resistant isolates.35 However, it is challenging to at-
tribute a precise role to these three mutations, as they have 
been identified only in a limited number of isolates and lack suffi-
cient data. These observations suggested that other mutations 
occurring beyond the sequenced regions, which have not been 
described yet, may be responsible for resistance. Additionally, 
mutations could be observed outside the QRDR region, and other 
resistance mechanisms, such as efflux pumps or gyrB substitutions, 
may contribute to antibiotic resistance in H. pylori.34,36–39

Furthermore, it might be inferred that the introduction of muta-
tions could alter the resistance phenotype of quinolones (including 
delafloxacin). Nevertheless, bacterial transformation experiments 
using directed mutagenesis from a WT H. pylori strain are neces-
sary to robustly confirm the impact of A92T, D99N and A129T mu-
tations on antibiotic resistance as demonstrated with mutations 
described in 23S rDNA and gyrA genes.38,40–42

In conclusion, these in vitro findings allowed us to estimate a 
delafloxacin TECOFF of 0.125 mg/L. For now, eradication treatment 
using antibiotics are based on the recommendations for guided 
treatment by the results of the antibiotic susceptibility testing 
(i.e. association of clarithromycin, amoxicillin and metronidazole 
as first-line treatment and association of levofloxacin, amoxicillin 
and metronidazole as second-line therapy). In the present study, 
it could be suggested that up to half of the strains that could be 
considered resistant to both the first and second-line treatments 
could be susceptible to delafloxacin (5/9; 55,5%; Table 1), suggest-
ing that delafloxacin could be a potential therapy in place of 
levofloxacin. Indeed, in vitro, delafloxacin has lower MICs than 
levofloxacin, and some mutations responsible for levofloxacin 
resistance seem to have a lower impact on delafloxacin pheno-
type. Nevertheless, establishing CBs remains crucial to evaluation 
of delafloxacin’s potential as an alternative to levofloxacin.
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Figure S1 is available as Supplementary data at JAC Online.
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