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Background: Antibiotic use is associated with collateral damage to the healthy microbiota. Afabicin is a first-in- 
class prodrug inhibitor of the FabI enzyme that, when converted to the pharmacologically active agent afabicin 
desphosphono, demonstrates a staphylococcal-specific spectrum of activity. An expected benefit of highly tar-
geted antibiotics such as afabicin is microbiome preservation. 

Objectives: To compare the effects of oral treatment with afabicin and standard-of-care antibiotics upon the 
murine gut microbiota, and to assess the effects of oral afabicin treatment on the human gut microbiota. 

Methods: Gut microbiota effects of a 10 day oral course of afabicin treatment were monitored in mice and com-
pared with clindamycin, linezolid and moxifloxacin at human-equivalent dose levels using 16S rDNA sequencing. 
Further, the gut microbiota of healthy volunteers was longitudinally assessed across 20 days of oral treatment 
with afabicin 240 mg twice daily. 

Results: Afabicin treatment did not significantly alter gut microbiota diversity (Shannon H index) or richness 
(rarefied Chao1) in mice. Only limited changes to taxonomic abundances were observed in afabicin-treated an-
imals. In contrast, clindamycin, linezolid and moxifloxacin each caused extensive dysbiosis in the murine model. 
In humans, afabicin treatment was not associated with alterations in Shannon H or rarefied Chao1 indices, nor 
relative taxonomic abundances, supporting the findings from the animal model. 

Conclusions: Oral treatment with afabicin is associated with preservation of the gut microbiota in mice and 
healthy subjects. 

Introduction 
Widespread use of antibiotics has selected for bacterial strains that 
are antibiotic resistant and respond poorly to antibiotic chemother-
apy. The problem is compounded by off-target effects, especially 
on the human gut microbiota. A healthy microbiota should main-
tain a complex, rich and balanced diversity, and this is thought to 
help maintain metabolic homeostasis and proper organ function, 
and to protect against infection and syndromes such as inflamma-
tory bowel disease.1–3 Conversely, disruption of the microbiota, 
termed dysbiosis, can lead to colonization with antibiotic-resistant 
pathogens,4 antibiotic-associated infections [e.g. Clostridioides diffi-
cile infection (CDI)],5 and horizontal transfer of resistance genes 
across the microbiome.6,7 Thus, the development of new narrow- 

spectrum antimicrobials that preserve the microbiota, including 
those that target only a single pathogen, may provide broad, desir-
able impacts for human health.8–10 

Effectively combatting antimicrobial resistance (AMR) likely re-
quires a multimodal approach involving evidence-based prescription 
and use of currently approved antibiotics (i.e. antibiotic stewardship), 
and the development of new antibiotics with unique mechanisms of 
action that are effective against resistant bacterial strains and that, 
ideally, preserve the microbiome. De-escalation from broad- to 
narrow(er)-spectrum antibiotics is an essential approach for antibiotic 
stewardship.11–13 This is further reflected by recent guidance from 
regulatory bodies including the FDA, which have highlighted the po-
tential utility of next-generation antibacterial drugs that target a lim-
ited number of species for patients with unmet medical needs.14 
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Staphylococcal infections are a significant global concern for 
multiple reasons, including the significant contribution of MRSA 
infections as the leading cause of AMR-related mortality,15 the in-
creasing frequency of CoNS in infections associated with transi-
ently or permanently inserted foreign bodies,16 and the lack of 
well-established anti-staphylococcal oral treatment options for 
infections that require long-term antibiotic therapy such as 
bone and joint infections or complicated bacteraemia.17,18 

Afabicin (Debio 1450) is a first-in-class prodrug inhibitor of 
FabI, a key enzyme in bacterial fatty acid biosynthesis,19,20 which 
is being developed as a pathogen-specific anti-staphylococcal 
antibiotic available for oral and parenteral use.21 Whilst the pro-
drug, afabicin, has no antimicrobial activity, the active moiety 
afabicin desphosphono (Debio 1452, formerly AFN-1252) has 
potent activity against staphylococci including both coagulase- 
positive and coagulase-negative strains resistant to other 
antibiotic classes, but very limited activity against non- 
staphylococcal species.22,23 Afabicin meets each of the four 
WHO criteria for innovation (novel chemical class, novel target, 
no cross resistance, novel mechanism of action),24 and its 
staphylococcal-specific activity suggests it will produce limited 
deleterious off-target antimicrobial effects. In support of this, 
afabicin desphosphono was recently shown to induce only minor 
changes to the gut microbiota of mice.25 However, the effects of 
the newly developed oral formulation of afabicin, the prodrug, on 
the gut microbiota is yet to be determined. 

The objectives of the present study were to compare the ef-
fect of a 10-day treatment with the oral formulation of afabicin 
to that of clindamycin, linezolid and moxifloxacin on mouse gut 
microbiota and to assess the effects of 20 day oral treatment 
with afabicin on the gut microbiota of healthy subjects. 

Materials and methods 
Bacterial strains and MIC testing 
Bacterial strains used in the study are listed in Table 1. MIC values for afa-
bicin desphosphono and the comparator antibiotic clindamycin were de-
termined on Supplemented Brucella Agar (SBA) plates using the agar 
dilution method according to CLSI guidelines for anaerobic bacteria.26 

Plates were incubated in a Bactron II anaerobic chamber for 48 h at 
35°C–36°C prior to MIC determination. 

Mouse model 
All experiments were conducted in accordance with the current guide-
lines for animal welfare and were approved by the Institutional Animal 
Care and Use Committee at Michigan State University. To reduce the po-
tential for stress-induced impacts on the microbiota, CD-1 female mice 
(Charles River Laboratories, Wilmington, MA, USA; 18–22 g; five mice per 
cage) were subject to a 5 day pre-treatment acclimatization period, 
where they were handled, received abdominal massage, and were daily 
oral mock-gavaged with a needle introduced into the oesophagus. 

Five groups of five CD-1 mice were treated orally for 10 days, twice 
daily with either vehicle (0.5% methylcellulose), afabicin (65 mg/kg), 
clindamycin (100 mg/kg), linezolid (100 mg/kg) or once daily with moxi-
floxacin (65 mg/kg). Clindamycin, linezolid and moxifloxacin were chosen 
as comparators as they are each used as oral treatments for staphylococ-
cal infections.27 Dose levels were selected based on the equivalent 
surface area dosage conversion factors in order to represent the 
human-equivalent dose levels (300 mg every 6 h for clindamycin; 

600 mg twice daily for linezolid; 400 mg daily for moxifloxacin; 240 mg 
twice daily for afabicin, as used in prior human studies).21 

An additional vehicle group was added to compensate for the death 
of two mice (unrelated to the study); the stool samples from the two ve-
hicle groups were considered similar and were analysed as a unique ve-
hicle group. For clindamycin and linezolid groups, samples from four 
mice were included in the analysis due to mouse death in each group 
(caused by the gavage procedure at baseline). In the afabicin group, 
one mouse died on Day 10 (gavage trauma); thus, the Day 8 sample 
was analysed in lieu of the Day 10 sample. 

Faecal pellets were collected in an aseptic manner from each animal 
at four timepoints: Day −2 (baseline), Day 2 and Day 10 (during treat-
ment), and Day 17 (7 days after the end of treatment) (Figure 1a). 
Abdominal massage was used when appropriate. The samples were 
placed on dry ice immediately after collection and stored at −80°C. 

Human drug–drug interaction (DDI) study 
Faecal sampling from healthy volunteers was performed to evaluate the 
effects of oral treatment with afabicin on the gut microbiota, as an ex-
ploratory endpoint, in the context of an open-label, fixed-sequence DDI 
study designed to assess the effect of afabicin on the pharmacokinetics 
of probe substrates of drug transporters, metformin, rosuvastatin and di-
goxin (Figure 1b; EudraCT: 2015-001525-17). Faecal sampling was per-
formed prior to drug administration (baseline 1; BL1). Subjects received 
oral metformin (500 mg) followed by concomitant rosuvastatin 
(10 mg) and digoxin (0.5 mg) 48 h later. Faecal sampling was performed 
again following a ≥7 day washout period (baseline 2; BL2). Thereafter, 
subjects received oral afabicin 240 mg twice daily for 20 consecutive 
days,21 with an additional administration of DDI probes; single oral 
dose of metformin (500 mg) on treatment Day 14, and a concomitant 
oral dose of rosuvastatin (10 mg) and digoxin (0.5 mg) on treatment 
Day 16. Afabicin was administered in standardized fasting conditions. 
Faecal sampling was performed on treatment Day 7, Day 14 and Day 
20, and again 7 to 14 days after the treatment period (end of study; 
EoS). Sixteen healthy subjects (mean age 48.7 years, 75% male) were in-
cluded in the study with complete sample sets from 15 subjects analysed 
using 16S rDNA amplicon sequencing. 

16S rDNA sequence analysis 
DNA was extracted from 20 mg of mouse faecal pellets and 200 mg of 
human stool samples. Following bead beating, genomic DNA was iso-
lated using phenol-chloroform methodology for mouse samples and 
using Maxwell 16 Tissue Purification kits (Promega Corporation, 
Madison, WI, USA) for human samples. PCR amplification was performed 
using 16S rDNA universal primers targeting the V3-V4 region of the bac-
terial 16S rRNA genes.28 All amplicons were purified with magnetic beads 
(Agencourt AMPure XP beads; Beckman Coulter, Brea, CA, USA) and the li-
brary was generated via addition of dual indices and Illumina sequencing 
adapters using Nextera XT Index kit (Illumina, San Diego, CA, USA). Each 
library was cleaned using magnetic beads and size was determined 
by capillary electrophoresis (2100 Bioanalyzer Instrument, Agilent 
Technologies). Libraries were quantified using the Qubit® 2.0 
Fluorometer and the Qubit® dsDNA range assay (Thermo Fisher 
Scientific, Waltham, MA, USA), normalized to 4 nM, pooled and denatured 
before sequencing using the Illumina MiSeq platform with 2 × 250 
paired-end MiSeq kit V2 (Illumina). 

Sequences were analysed using an in-house bioinformatic pipeline 
adapted from mothur software.29 Sequences were trimmed and aligned 
to the V3-V4 region of the 16S rRNA gene of the Greengenes database 
formatted by mothur (gg_13_5_99 release). Chimera sequences were re-
moved using the UCHIME algorithm.30 Reads were classified using naive 
Bayesian classifier31 against the Ribosomal Database Project 16S rRNA 
gene training set v9 formatted by mothur with a bootstrap cut-off of  
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60%. Sequences were then clustered into operational taxonomic units 
(OTUs) using furthest-neighbour clustering at a similarity threshold of 
97%. For each sample, OTU-based microbial diversity and richness were 
estimated by calculating the Shannon and Chao1 indices, respectively, 
using the R package phyloseq.32,33 Chao1 index values were normalized 
by rarefaction to 10 000 reads. Shannon H indices were calculated as a 
measure of community diversity. Communities that are dominated by a 
small number of taxa exhibit low diversity and generate a low Shannon 
H Index. Conversely, communities where abundance is distributed across 
many taxa have high diversity and a high Shannon H index. Rarefied Chao 
indices were calculated as a measure of community richness. 
Communities consisting of many distinct taxa will produce high values, 
whereas those with few taxa will produce low values. 

Statistical analysis 
For each taxon, an analysis of variance for repeated measurements 
(repeated ANOVA) was conducted including treatment, days and 
treatment-by-day interaction as fixed factors in the statistical model. A 
rank transformation of data was applied in case of non-normal distribu-
tion. In this statistical model, post hoc tests were conducted (i) to perform 
pairwise between-group comparisons using a Tukey’s adjustment; and (ii) 
to conduct within-group analysis by comparing values before, during and 
after treatment in each animal group using a Dunnett’s adjustment. 

As multiple hypotheses were tested simultaneously, a false discovery 
rate (FDR) adjustment was used to correct the statistical significance 
(P values) of the ANOVA model. To investigate the compositional 

Table 1.  Afabicin desphosphono MICs for representative bacteria from the human microbiota  

MIC (mg/L) 

Bacterial isolate Afabicin desphosphono Clindamycin  

Bifidobacterium bifidum 3965 (ATCC 15696)  >8  ≤0.03 
Bifidobacterium breve 3967 (ATCC 15698)  >8  ≤0.03 
Bifidobacterium infantis 3966 (ATCC 15702)  >8  ≤0.03 
Bifidobacterium longum 3968 (ATCC 15707)  >8  0.06 
Clostridium perfringens 3414  >8  2 
C. perfringens 3518  >8  >16 
C. difficile 3579  >8  16 
C. difficile 3584  >8  8 
Eggerthella lenta 1274 (ATCC 43055)  >8  0.12 
Lactobacillus acidophilus 0681  >8  8 
Lactobacillus casei 1722 (ATCC 393)  >8  4 
Lactiplantibacillus plantarum 2791 (ATCC 39268)  >8  0.25 
Peptostreptococcus anaerobius 3526  >8  ≤0.03 
P. anaerobius 3531  >8  >16 
Peptostreptococcus micros 3432  >8  0.25 
P. micros 3545  >8  4 
Cutibacterium acnes 1713  >8  0.12 
C. acnes 1267  >8  >16 
Streptococcus constellatus 1202 (ATCC 27823)  >8  0.25 
Streptococcus intermedius 1203 (ATCC 27335)  >8  0.25 
Bacteroides fragilis 3374  >8  2 
B. fragilis 3479  >8  4 
B. fragilis 123 (ATCC 25285)  >8  1 
Bacteroides ovatus 3503  >8  2 
B. ovatus 3508  >8  ≤0.03 
Bacteroides thetaiotaomicron 3399  >8  1 
B. thetaiotaomicron 3496  >8  >16 
Bacteroides vulgatus 3389  >8  0.5 
B. vulgatus 3494  >8  0.5 
Eikenella corrodens 1206 (ATCC 43278)  >8  0.5 
Fusobacterium necrophorum 3963 (ATCC 25286)  >8  ≤0.03 
Fusobacterium nucleatum 3962 (ATCC 25586)  >8  ≤0.03 
Porphyromonas asaccharolytica 3552  >8  0.12 
P. asaccharolytica 3557  >8  0.25 
Prevotella melaninogenica 3437  >8  >16 
P. melaninogenica 3443  >8  ≤0.03 
Prevotella spp. 3564  >8  0.25 
Prevotella spp. 3568  >8  4 
Veillonella parvula 1272 (ATCC 17745)  >8  >16   
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distribution patterns based on relative abundance, principal coordinate 
analysis (PCoA) using Bray–Curtis dissimilarities was generated using R 
software.32 For all statistical tests (two-sided), P ≤ 0.05 was considered 
statistically significant. Outliers were defined as <25th percentile minus 
1.5 times the IQR or as >75th percentile plus 1.5 times IQR. 

Ethics 
Animal studies were approved by the ethics committee of Michigan State 
University in vivo facility. The human study was conducted in accordance 
with the Declaration of Helsinki and national and international standards. 

Results 
In vitro activity of afabicin desphosphono against a panel 
of bacteria from the human microbiota 
The active moiety of afabicin, afabicin desphosphono, has potent 
antimicrobial activity against staphylococcal isolates in vitro and 
has shown limited activity against various non-staphylococcal 
species.22,23 In the current report, we extended this analysis to 
include a panel of bacteria that are common representatives of 
the human microbiota (n = 39 isolates). Afabicin desphosphono 
was not active against any of the microbiota representatives 
tested (MIC > 8 mg/L for each; Table 1). In contrast, the control 
antibiotic clindamycin showed antimicrobial activity against 
most isolates in vitro; the concentration of clindamycin that in-
hibited 50% of the isolates was 0.5 mg/L and only six isolates 
(∼15%) had an MIC of ≥16 mg/L (Table 1). 

Analysis of the effect of treatment with afabicin upon the 
faecal microbiota of mice compared with clindamycin, 
linezolid and moxifloxacin 
Baseline comparisons 

PCoA of the gut microbiota composition showed that all baseline 
samples (Day −2) clustered together (Figure 2). No differences in 
the Shannon H diversity (Figure 3a) and rarefied Chao1 richness 
indices (Figure 3b) were determined between the five groups at 

baseline. No statistically significant differences in relative abun-
dance at the phylum and family level were observed across the 
five groups following randomization and prior to treatment, ex-
cept for a lower TM7 phylum relative abundance in the linezolid 
treated group compared with the afabicin-treated group (P <  
0.05; Table S1, available as Supplementary data at JAC Online). 
Together, these data indicate there were negligible intergroup 
differences prior to antibiotic treatment. 

Vehicle control 

Longitudinal vehicle control samples clustered together on PCoA 
(Figure 2) and no differences in Shannon H diversity (Figure 3a) or rar-
efied Chao1 richness indices (Figure 3b) were identified. No statistically 
significant differences in relative abundance at the phylum and family 
level were observed compared with baseline at any timepoint except 
for a decrease in Porphyromonadaceae at Day 17 (29.28% to 18.31%). 
Together, these data indicate that the murine microbiota remained 
stable in the vehicle controls throughout the experiment. 

Afabicin treatment 

Afabicin-treated samples clustered together with the baseline 
samples on PCoA (Figure 2). Supporting the findings of the 
PCoA, no significant differences in Shannon H (Figure 3a) or rar-
efied Chao1 (Figure 3b) indices were observed between afabicin- 
treated mice during or after treatment (compared with baseline), 
indicating a limited impact on overall gut microbial composition. 

Considering within-group differences compared with baseline, 
during treatment, there was a decrease in Erysipelotrichaceae 
(baseline 2.2%, Day 2 0.75%, Day 10 0.85%) and increase in 
Peptococcacae_1 in the afabicin group on Day 10 (baseline 
0.57%, Day 10 1.09%), each of which had returned to baseline le-
vels by Day 17 (Table S1; Figure 3c). The only significant differ-
ences between the baseline and Day 17 samples for the 
afabicin-treated group was an increase in the Firmicutes phyla 
(from 44.3% to 61.9%), more specifically the Lachnospiraceae 

Figure 1. Schematic representation of the experimental design. (a) Animals received oral afabicin (65 mg/kg) or clindamycin (100 mg/kg), linezolid 
(100 mg/kg), moxifloxacin (65 mg/kg) twice daily for 10 consecutive days (10d). (b) In the context of a DDI study, healthy volunteers received 20 days 
of oral treatment with afabicin 240 mg twice a day. For (a) and (b), faecal sampling was performed as indicated by triangles for 16S rDNA sequencing. 
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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family for the latter (from 10.5% to 32.1%). Importantly, how-
ever, these relative abundances were not statistically different 
from the vehicle control group at Day 17 (Firmicutes phyla vehicle 
61.23%, afabicin-treated 61.93%; Lachnospiraceae family ve-
hicle 29.55%, afabicin-treated 32.06%; Table S1). 

Clindamycin, linezolid and moxifloxacin treatment 

In contrast to the afabicin-treated group, clindamycin, linezolid and 
moxifloxacin each had substantial effects on the murine gut micro-
biota. Samples from animals treated with each comparator did not 
cluster with respective baseline samples or vehicle control samples 
on PCoA (Figure 2). Clindamycin and linezolid samples clustered to-
gether, and each were separate from moxifloxacin. Clindamycin 
and linezolid treatment were each associated with statistically sig-
nificant reductions in Shannon H diversity during and after treat-
ment (Figure 3a) and a statistical reduction in rarefied Chao1 for 
at least one timepoint compared with baseline (Figure 3b). 

Considering within-group differences compared with baseline, 
the comparator antibiotics produced statistically significant 
changes in the relative abundance of at least five of the six major 
phyla assessed (Table S1; differences at the family taxonomic level 
are represented graphically in Figure 3c), indicating widespread 
dysbiosis. As expected based on the PCoA, similar changes in 
relative taxa abundances were observed for clindamycin- and 
linezolid-treated animals, and these profiles were distinct from an-
imals treated with moxifloxacin. The most noteworthy change for 
clindamycin- and linezolid-treated animals was the increased rela-
tive abundance of Enterobacteriaceae (from 0.23% and 0.08% at 
baseline, respectively, to up to 84.94% for clindamycin at Day 2 
and up to 97.56% for linezolid at Day 10). 

Evaluation of the treatment effects of afabicin on the gut 
microbiota of healthy subjects 
In the context of an open-label, Phase I DDI study, healthy volun-
teers received 20 days of oral treatment with afabicin 240 mg 
twice daily. Unrelated to the current report, subjects also received 
a single dose of DDI probes (metformin, rosuvastatin, digoxin) in 
two treatment periods; first, prior to receiving afabicin, and se-
cond, during afabicin treatment (Figure 1b). Two baseline faecal 
samples were collected; the first, prior to DDI probe administra-
tion, and the second, after the probe washout period and prior 
to afabicin treatment. No statistical differences were determined 
between baseline samples, indicating negligible impact of these 
probes on human microbiota composition (Figure 4). 

Mirroring the findings from the murine model (Figure 3), afabicin 
treatment did not alter Shannon H diversity (Figure 4a) or rarefied 
Chao1 indices (Figure 4b) compared with baseline controls. 
Further, afabicin was not associated with any statistically significant 
changes in mean relative microbial abundance at the phylum, fam-
ily (Figure 4c) or genus level at any of the timepoints assessed. 
Relative abundances at the phylum, family and genus level for 
each longitudinal sample from each individual subject are pre-
sented graphically in Figure S1, Figure S2 and Figure S3, respectively. 

Discussion 
The active moiety of afabicin, afabicin desphosphono, displays 
potent activity against diverse isolates of staphylococci, and 
only limited activity against other bacteria.23 The drug targets 
an enoyl-acyl carrier protein reductase FabI, which in staphylo-
cocci plays an essential role in fatty acid synthesis.34 FabI, 

Figure 2. PCoA of 16S rDNA sequence data from antibiotic-treated mice. The compositional distribution pattern (Bray–Curtis distance) was calculated 
at baseline (Day −2, squares, each group presented in grey) and after 10 days of treatment (triangles) for each treatment group (represented by dif-
ferent colours).   
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however, is not essential in all bacterial species, and can be re-
placed by isoforms such as FabK, FabV or FabL, with some species 
producing multiple functionally redundant isoforms (e.g. FabI 

along with FabL in Bacillus subtilis),35,36 which largely defines 
the spectrum of activity of FabI inhibitors. Further, bacteria that 
can efficiently scavenge exogenous fatty acids, including those 

Figure 3. Longitudinal effects of antibiotic treatment upon the gut microbiota of mice. (a) Shannon H diversity was determined for each sample as a 
measure of diversity for mice treated with afabicin or comparators (clindamycin, linezolid or moxifloxacin). (b) Rarefied Chao1 was calculated as a 
measure of sample richness for mice treated with afabicin, or comparators. Note, rarefied Chao1 was only determined for samples with library size 
>10 000 reads. (c) Relative abundance percentages for major bacterial families from the murine gut microbiota. For (a) and (b), statistical significance 
was determined using a mixed-effects model with Dunnett’s multiple comparisons test relative to Day −2 (baseline), * P < 0.05, ** P < 0.01.   
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present in serum, can overcome FabI inhibition.34,37 Lastly, afabi-
cin desphosphono is generally inactive against Gram-negative 
bacteria.38 Together, these mechanisms explain the limited im-
pact that afabicin, which is rapidly converted to afabicin despho-
sphono when administered systemically,20 had on the gut 
microbiota of mice and healthy subjects. Accordingly, findings 
from the current study support those of Yao et al.,25 which re-
vealed no significant changes in murine gut diversity measures 
attributable to afabicin desphosphono treatment. The minor dif-
ferences in taxonomic abundance changes observed between 
this study and that of Yao et al. can be explained by the distinct 
baseline microbiota of the two different animal species used in 
each.39 

The minimal effects of afabicin treatment on the gut microbiota 
contrasted with that of clindamycin, linezolid and moxifloxacin, 
each of which caused extensive dysbiosis in the murine model, sup-
porting findings from previous animal studies.25,40,41 Further, the 
global microbiota response to clindamycin and linezolid treatment, 
each protein synthesis inhibitors, was similar, and distinct from that 
of moxifloxacin (a fluoroquinolone targeting DNA gyrase), which is 
in accordance with previous findings.25 The most striking change 
for clindamycin- and linezolid-treated animals was the increase in 
Enterobacteriaceae; this family contains important opportunistic 
pathogens known to cause antibiotic-resistant infections including 
Escherichia coli and Klebsiella pneumoniae.42 Of note, clindamycin 
and linezolid treatment have each been shown to select for 
Enterobacteriaceae in human subjects.43,44 

It is important to consider the translatability of murine micro-
biota studies for human disease. Whilst the gastrointestinal tract 
of mice and men share some similarities, the actual composition 
of the microbiota in terms of relative taxa abundance is quite dis-
tinct.39 The main objective of the current study was to assess glo-
bal microbiota dysbiosis due to antibiotic therapy, which has a 
now well-recognized link to metabolic and inflammatory dis-
eases, as well as secondary bacterial infections.45 Collectively, 
our findings, and the findings of others, suggest that the relative 
sensitivity of the murine gut microbiota to antibiotic-induced dys-
biosis is similar to that of humans. Ten-day courses of oral clinda-
mycin (either 150 mg four times per day or 500 mg twice daily) 
significantly altered human gut microbiota diversity (Shannon 
H) and richness measures, with changes persisting for up to 
two months,46,47 mirroring findings from the current murine 
study. In addition, a 5 day course of oral moxifloxacin (400 mg 
once daily) was associated with a median maximal Shannon H 
loss of 27.5% in healthy subjects,48 which was recapitulated 
here using the murine model (26.0% median loss at Day 10). 
Importantly, minimal changes to the murine microbiota due to 
afabicin treatment were also observed in healthy subjects in 
the current study. These findings have clinical relevance, as 
antibiotic-induced dysbiosis in mice has been shown to underpin 
important diseases including C. difficile colitis,40,49 which is well 
described in clinical studies,50 and VRE colonization, which was 
shown to precede bloodstream infection in patients undergoing 
allogeneic HSCT.51 

Figure 4. Longitudinal effects on the gut microbiota of healthy human subjects treated with afabicin. (a) Shannon H diversity was determined for each 
sample as a measure of diversity for healthy subjects receiving afabicin. (b) Rarefied Chao1 was determined for each sample as a measure of richness 
for healthy subjects receiving afabicin. (c) Relative abundance percentages for major bacterial families from the murine gut microbiota. For (a) and (b), 
statistical significance was assessed using a one-way ANOVA with Dunnett’s multiple comparisons test. No statistical differences were observed. T7, 
treatment day 7; T14, treatment day 14; T20, treatment day 20.   
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The current study has notable limitations. Firstly, four to five ani-
mals per group is adequate to identify large statistical shifts in rela-
tive taxa abundance, as shown for clindamycin, linezolid and 
moxifloxacin; however, it may not adequately detect subtle changes 
that may have been caused by afabicin treatment. Secondly, 
OTU based analysis of 16S rDNA sequencing was performed in the 
current study, which may not have had the appropriate sensitivity 
to detect small differences in relative taxa abundance. Future studies 
should consider using amplicon sequence variant (ASV) analyses as 
this approach is less prone to bias introduced by aligning to sequence 
databases,52 as well as the use of shallow shotgun sequencing, 
which may provide more accurate and higher-resolution taxonomic 
profiling.53 Finally, it would have been useful to measure the concen-
tration of afabicin/afabicin desphosphono and comparator antibio-
tics in the longitudinal faecal samples, and to relate these data to 
effects upon the microbiota. Taken together, it is reasonable to con-
clude that afabicin produced significantly less microbiota disruption 
compared with clindamycin, linezolid and moxifloxacin; however, 
subtle signs of dysbiosis may not have been detected due to the lim-
itations described above. 

To summarize, afabicin is a member of a short list of 
microbiota-sparing antibiotics currently in clinical development.10 

Further efforts are warranted to expand this list through reorienta-
tion of research towards highly targeted pathogen-specific antibio-
tics with very narrow spectrum of activity and low ecological 
impact;3,9,54–56 clinical implementation of highly targeted antimi-
crobials should limit dysbiosis, thereby helping to control AMR. 
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