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• Antimicrobial resistance is a serious threat to public health worldwide.1

• The gut contains trillions of microorganisms and is a potential reservoir of 
multidrug-resistant bacteria and their antimicrobial resistance genes (ARGs).2

• CDI is often treated with the relatively broad-spectrum antibiotic vancomycin.

• Ridinilazole is an antibiotic in development for the treatment of CDI that is highly 
specific and bactericidal against C. difficile.3-5

• In a Phase 2 study, 16S rRNA gene amplicon sequencing showed that ridinilazole 
had a gut microbiome-sparing profile, while vancomycin further damaged the 
microbiome.6

• Subsequent shotgun metagenomic analysis was performed to evaluate if the 
minimal impact of ridinilazole on the gut microbiome may help to control the 
development of antimicrobial resistance, i.e. the gut resistome, in CDI patients.

• In this analysis, metagenomic shotgun sequencing was used to evaluate 
microbiome composition down to the species level and measure the differential 
effects of ridinilazole and vancomycin on the gut resistome.
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METHODS

Gut Microbiome

• At the phylum level, ridinilazole treatment had minimal impact on the gut microbiota 
at EOT, with only a 1.7-fold reduction in the relative abundance of Firmicutes (-0.8 log2 

fold change [FC]; P=0.04) and a 1.5-fold increase in Bacteroidetes (+0.6 log2 FC; 
P=0.08) (Figure 2).

• In contrast, vancomycin treatment resulted in substantial changes in the gut 
microbiota, with 16,256-fold and 27-fold reductions in the relative abundance of 
Bacteroidetes (-14 log2 FC; P=0.003) and Actinobacteria (-5 log2 FC; P=0.0005), 
respectively. Concomitantly, a 5-fold expansion of Proteobacteria (+2 log2 FC; 
P=0.0005) was observed (Figure 2).

• Among Proteobacteria, a significant 21-fold increase in Enterobacteriaceae (+4 log2

FC; P=0.001) was observed with vancomycin, with notably 97-fold and 156-fold 
increases in pathogenic Citrobacter spp. (+7 log2 FC; P=0.03) and Klebsiella oxytoca 
(+7 log2 FC; P=0.02), respectively (Figure 3).

Gut Resistome

• The sum of the relative abundance of all ARGs detected in the ridinilazole treatment 
arm was not significantly different at EOT compared to BSL and was significantly lower 
at EOS vs BSL (P=0.008; Figure 4).

• A more detailed analysis showed that no ARG or ARG class significantly increased in 
abundance by ridinilazole EOT, and 12 ARG classes were significantly decreased by EOS 
(Figure 5).

• In contrast, the observed gut resistome in the vancomycin arm was significantly higher 
at EOT compared to BSL (P=0.011) and similar to BSL at EOS (Figure 4).

• The expansion of Enterobacteriaceae following vancomycin treatment was coincident 
with an increase in 13 ARG classes, including 16-, 10-, and 8-fold increases in 
carbapenem (+4 log2 FC; P=0.0008), polymyxin (+3 log2 FC; P=0.003), and sulfonamide 
(+3 log2 FC; P=0.0008) resistance genes, respectively (Figures 5 and 6).

• A 3-fold increase in extended-spectrum β-lactamase (ESBL) genes (+1.7 log2 FC; 
P=0.02) and a 4-fold increase in multidrug efflux pump (MEP) encoding genes (+2 log2 

FC; P=0.01) were also observed at vancomycin EOT vs BSL (Figures 5 and 7).

INTRODUCTION Figure 2. Significant Changes From Baseline to End of Treatment in Relative 
Abundance of Bacterial Phyla

Figure shows median log2 fold changes (FC) and statistical analysis for paired samples.
*FDR-adjusted P<0.1. **FDR-adjusted P<0.01. ***FDR-adjusted P<0.001.

Figure 4. Relative Abundance of Observed Antimicrobial Resistance Genes

Figure 3. Changes From Baseline in Relative Abundance of Proteobacteria in Ridinilazole Group vs Vancomycin Group

Figure 5. Differentially Abundant ARG Classes With Ridinilazole vs Vancomycin
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• Vancomycin treatment had a profound impact on the gut 
microbiota and led to expansion of the gut resistome.

• Expansion of the gut resistome included an increased relative 
abundance of genes conferring resistance to last-line 
antibiotics such as carbapenems and polymyxins, suggesting 
that CDI patients treated with vancomycin have a potentially 
higher risk of serious subsequent infections.

• In contrast, treatment with ridinilazole did not increase the gut 
resistome.

• This suggests that the novel investigational microbiome-
sparing antibiotic ridinilazole for CDI may have an additional 
benefit in the control of antimicrobial resistance.

• Ri-Codify Phase 3 trials are currently enrolling.
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• This analysis examined stool samples from a Phase 2, double-blind, clinical study 
(NCT02092935) that randomized 100 CDI patients 1:1 to receive 10-day oral 
ridinilazole (200 mg bid) or oral vancomycin (125 mg qid).

• DNA was extracted from stool samples collected from 62 patients at baseline 
(BSL) and end of treatment (EOT, Day 10) and/or end of study (EOS, Day 40) and  
analyzed by shotgun metagenomic sequencing on an Illumina platform (Figure 1).

• For microbiome profiling, shotgun metagenomics is now considered the method 
of choice over 16S sequencing (Figure 1).7

• Twenty-three ARG classes were annotated using the Comprehensive Antibiotic 
Resistance Database.

• Microbiome results are reported as median values.

• Wilcoxon signed rank tests were used to analyze taxonomic and resistome 
differences on paired  samples: BSL to EOT (ridinilazole, n=23; vancomycin, n=20) 
and BSL to EOS (ridinilazole, n=25; vancomycin, n=28).

• P values were corrected for multiple testing to control the false discovery rate 
(FDR) at a level of 10%, as indicated.

Figure 1. Microbiome Profiling Using Shotgun Metagenomic vs 16S rRNA Gene 
Amplicon Sequencing

Figure 6. Changes in Relative Abundance of Carbapenem ARGs

Figure 7. Changes in Relative Abundance of ESBL ARGs

Figure shows data for all samples, but the statistical analysis was performed using paired-samples only. ARG, antimicrobial resistance genes.
Figure shows median log2 fold changes and statistical analysis for paired samples.
*FDR-adjusted P<0.1. **FDR-adjusted P<0.01. ***FDR-adjusted P<0.001.
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*FDR-adjusted P<0.1. **FDR-adjusted P<0.01. ***FDR-adjusted P<0.001.
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