Metronidazole for the treatment Clostridioides difficile:
on the way out?
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Metronidazole is no longer recommended as a
first-line treatment
•
•
•

Staple for treatment of C. difficile infections for a
very long time
Efficacy is lower than vancomycin and fidaxomicin
Trend of decreasing efficacy over time

•

No longer indicated as first line treatment by
IDSA-SHEA (since 2017) and ESCMID (since 2021)

•

No clear evidence for resistance or an increase in
resistance despite widespread use
CLSI: >32 mg/L
EUCAST (ECOFF): > 2 mg/L
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Ananthakrishnan 2010 Nat Rev Gastroenterol Hepatol; Johnson 2021 Clin Inf Dis; van Prehn 2021 Clin Microbiol Inf

Metronidazole resistance is “complicated”
•
•

No routine antimicrobial susceptibility testing
Major differences in reported resistance rates: 0-18.3%

•
•
•

Definitions are not uniform and not tailored towards C. difficile specifically
Unstable, inducible and heterogeneous resistance has been reported
Differences between methodology, PCR ribotypes, geographical locations

•
•

Unknown mechanism(s) of resistance
Lack of appropriate (isogenic) comparators in experiments
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WGS of longitudinal patient samples led to the
identification of pCD-METRO
•
•
•

Patient with rCDI due to RT020 C. difficile
Treated with FMT
Isogenic strains, different metronidazole
susceptibility:
•

5

susceptible (MIC<2mg/L) to resistant (MIC>2mg/L)
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Plasmid pCD-METROshuttle confers metronidazole
resistance
•

•

pCD-METRO does not
replicate in Escherichia coli
•

Shuttle module (-> pIB86)

•

IB125=630Δerm/pIB86

Unknown resistance
determinant
•
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Not due to its replicon
(ORF5)
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pCD-METRO occurs in diverse strains
•

•

•
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pCD-METRO accounts for at least
part of published metronidazole
resistant strains
Multiple countries and RTs
(including RT027 and RT010)
PCR for pCD-METRO can identify
resistant strains: routine dx
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*

* *

Plasmid may play an important role in
C. difficile pathogenesis
•
•

Plasmids of 2-300 kb occur frequently (>10%)
in strains from humans and animals
Most abundant plasmid families: no
consequence of carriage known

•
•

Reduced susceptibility to vancomycin
Carriage of tcdB (toxin B) and cdtA/cdtB in
clades C-I, 2 and 4

•

Indirect evidence for transmission in hosts
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Medium-dependent resistance: heme is key
•
•
•
•
•
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Some cases of resistance are independent of pCD-METRO (lower level)
Dose-dependent effect of heme (not for vancomycin)
Observed for many strains
Confirmed in independent studies
Possible link to treatment failure (MIC > 1 mg/L)
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Genome studies implicate chromosomal genes
(also) in resistance to metronidazole
•

Heme-responsive gene hsmA (RT010 without and with pCD-METRO) (n>15)

•

Gene encoding a pyridoxamine 5′-phosphate oxidase family protein (similarity to 5nitroimidazole reductase nim genes) – GWAS (n>1500; diverse strains)

•

Binding of heme to these proteins might explain medium-dependent resistance
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So, is metronidazole on the way out?
 Inferior treatment modality
 Several resistance pathways now known
 Potential transmission of resistance
-

Link with treatment failure unclear

-

Compliance with guideline is suboptimal
It may not be feasible to use
recommended first-line drugs
(price, availability)
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Take-home messages
•

Current guidelines are based on reduced clinical efficacy,
and availability of better treatment modalities

•

Multiple pathways for metronidazole resistance in C. difficile, but their
exact mechanisms and contributions to treatment failure are not
clear-cut

•
•
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•

Transferable plasmids

•

Chromosomal SNPs

Tailored susceptibility testing (heme!) is necessary for C. difficile
It is key to integrate data on antimicrobial susceptibility, phylogeny,
genome characteristics, treatment outcome and – ideally - patient
genetics
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