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Agenda

• Short introduction to endocarditis

• Principles for EUCAST endocarditis breakpoints

• Short reminder about 2 important concepts: ECOFF and I-category

• The most important species and agents: proposed breakpoints and 
recommendations for testing

• Viridans Group Streptococci vs. betalactams!

• Oral step-down treatment

• Reporting: an example
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Infective endocarditis: a short introduction

Difficult diagnosis
Imaging of the heart valves

Microbiology: positive blood cultures (species and nr of sets) 

Secondary involvement of many organs
Embolic events: brain, spine, lungs, …

Vasculitis

High mortality

Treatment
Surgery, if indicated

Antibiotics: traditionally 4-6 weeks high dose i.v. / recently: partial p.o. (POET trial)

Multidisciplinary endocarditis team 3Images from: Holland et al. Nat Rev Dis Primers. 2016;2:16059.
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Infective endocarditis: etiology
Europe

Streptococci 31%

S. aureus 28%

CoNS 13%

Culture negative 10%

Enterococcus spp. 9%

HACEK 2%

Fungal 1%

Other 6%

4Holland et al. Nat Rev Dis Primers. 2016;2:16059.
Data derived from: Murdoch et al. Arch Intern Med. 2009 March 9; 169(5): 463–473. d
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European treatment guidelines and implications for 
breakpoints and reporting
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Including dosing related to MIC 
breakpoints for viridans group
streptococci

Referring to EUCAST’s SIR-
categorization and terminology
Delgado et al.
Eur Heart J. 2023 Oct 14;44(39):3948-4042. 
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Two important concepts:
1. Epidemiological cut-off values (ECOFF)
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Wild type population
(WT)

ECOFF
Separates WT from non-WT

Non-wild type population:
acquired resistance
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Two important concepts:
2. the I-category

Dosages used to define breakpoints

Cephalosporins Standard dosage High dosage
Ceftriaxone 2 g x 1 iv 2 g x 2 iv or 4 g x 1 iv

”S = Susceptible, standard dosing regimen” (MIC ≤0,5 mg/L) can be treated with standard dosage

”I = Susceptible, increased exposure” (MIC 1-2) can be treated with high dosage

EUCAST breakpoints relate to specified dosages:
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EUCAST endocarditis breakpoints: principles

Endocarditis-dosages are often higher than EUCAST high dose
→ no I-category (same principle as for meningitis-breakpoints)
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EUCAST endocarditis breakpoints: principles

Endocarditis-dosages are often higher than EUCAST high dose
→ no I-category (same principle as for meningitis-breakpoints)

Endocarditis-breakpoints for agents mentioned in tables in ESC-guidelines for
Staphylococcus spp.
Enterococcus spp.
Streptococcus A,B,C,G
Streptococcus pneumoniae
Viridans group streptococci
Haemophilus influenzae
Kingella kingae

Agents without clinical breakpoints, but used for oral step-down treatment: notes
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Staphylococcus spp.

All relevant clinical breakpoints apply for endocarditis

• Cefoxitin screening for presence of mecA/mecC for β-lactam treatment

• (Penicillin susceptibility not mentioned in the ESC-guidelines apart from oral step-
down treatment)

• Vancomycin and rifampicin: clinical breakpoints = ECOFFs
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Enterococcus spp.

• Ampicillin / Amoxicillin iv
proposed breakpoint (S≤4/R>4 mg/L) = ECOFF
see also current EUCAST consultation ”Proposed change of breakpoints for 
aminopenicillins in enterococci”

• Ceftriaxone
used in combination with aminopenicillins for E. faecalis endocarditis
testing not recommended

• Daptomycin
→ EUCAST guidance document
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Mainardi et al. AAC
1995 Sep;39(9):1984-7. 
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Streptococcus A,B,C,G

Benzylpenicillin is the mainstay of treatment!

Clinical breakpoint S≤0,25/R>0,25 mg/L

Endocarditis breakpoints ECOFF-based:

S. agalactiae (Gr. B): S≤0,125/R>0,125 mg/L

other: S≤0,03/R>0,03 mg/L
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S. agalactiae (Gr. B)
ECOFF 0,125

Streptococcus Gr. G
ECOFF 0,03

S. pyogenes (Gr. A)
ECOFF 0,03
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Streptococcus pneumoniae
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Endocarditis breakpoints same as meningitis 
breakpoints

Benzylpenicillin:
ECOFF-based: S≤0,06/R>0,06 mg/L

Ampicillin/Amoxicillin i.v.: S≤0,5/R>0,5 mg/L

Ceftriaxone/Cefotaxime: S≤0,5/R>0,5 mg/L
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Viridans group streptococci / β-lactams
Treatment guidelines and clinical data

ESC guidelines 2015: benzylpenicillin MIC ≤0,125 mg/L: monotherapy
benzylpenicillin MIC 0,25 - 2 mg/L: combination with gentamicin

ESC guidelines 2023: refers to EUCAST S-category for monotherapy
(current EUCAST breakpoints: S ≤0,25/ R>2 mg/L)

Sparse clinical data in favour of combination benzylpenicillin +AG for Pen I-group:

Retrospective data from Mayo clinic 1967-2006: 29 patients, cure rate 90%

Spanish cohort study 2008-2018, 226 with benzylpenicillin MIC 0,25 - 2 mg/L
No difference in in-hospital mortality monotherapy vs. combination therapy
Majority treated with cephalosporins

14

Knoll et a. Clin Infect Dis 2007;44: 1585–1592

Escrihuela-Vidal Clin Infect Dis. 2023 Nov 11;77(9):1273-1281. 
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Viridans group streptococci / β-lactams
MIC distributions

Figure: Erika Matuschek, EDL
Based on data from Plainvert, Matuschek et al. Microbiol Spectr. 2023 Jun 15;11(3):e0016023. 15

Common ECOFF: 0,25 mg/L
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Viridans group streptococci / β-lactams
Proposal for endocarditis breakpoints

Benzylpenicillin S≤0,25/R>0,25 mg/L

Ampicillin iv, Amoxicillin iv S≤0,5/R>0,5 mg/L

Cefotaxime, Ceftriaxone S≤0,5/R>0,5 mg/L
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Viridans group streptococci / β-lactams
Testing

Benzylpenicillin 1 unit disk screening (cut-off 21mm) versus

17https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criteria/Validation_
2024/Viridans_group_streptococci_v_6.1_January_2024.pdf

Good sensitivity: If screening negative, report S for relevant β-lactams

Benzylpenicillin MIC Cefotaxime MIC
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Viridans group streptococci / β-lactams
Testing

Benzylpenicillin 1 unit disk screening cut-off 21mm:

18https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_criter
ia/Validation_2024/Viridans_group_streptococci_v_6.1_January_2024.pdf

Lower specificity for agents other than benzylpenicillin, eg. cefotaxime:

→ test for relevant agent, e.g. cefotaxime disk
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Agents for oral step-down therapy

• POET principle: combination therapy (watch dosing regimens!)

• For some species/agent combinations without clinical breakpoint:
ECOFF given in Note

• (exception: Enterococcus spp. / Rifampicin)
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ESC guidelines. Delgado et al. Eur Heart J. 2023 Oct 14;44(39):3948-4042. 
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Reporting of endocarditis isolates:
How we handle it in our department

Capital Region of Denmark: weekly multidisciplinary conference
→ diagnostic, surgical referral and antimicrobial treatment plans

Personal contact from cardiologist, when endocarditis is diagnosed

Reporting: 

• ”Endocarditis panel” and specific instructions for reporting

• SIR-categorization without further specification, when breakpoints available

• Gentamicin high-level resistance reports with comment

• Comment regarding oral step-down treatment, when breakpoints are not set

• (For now: reporting of benzylpenicillin MIC for streptococci, as still part of Danish 
guidelines.) 20



Barbara Juliane Holzknecht

Copenhagen University Hospital - Herlev and Gentofte, Denmark
Afdeling for Klinisk Mikrobiologi

Take home

• Endocarditis breakpoints consultation coming soon

• General Consultation during 2024

• Breakpoints in the v15.0 table

• Same principles as meningitis breakpoints

• No I-category

• Mostly ECOFF-based breakpoints

• Proposition for viridans group streptococci / betalactams:

• No I-category for benzylpenicillin

• Benzylpenicillin screening works well

• No need for MIC testing 21


