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Background: Amoxicillin plus ceftriaxone combination therapy is now standard of care for enterococcal endo-
carditis. Due to amoxicillin instability in infusion devices, benzylpenicillin plus ceftriaxone may be substituted to
facilitate outpatient parenteral antimicrobial therapy (OPAT) delivery, despite lack of guideline endorsement.

Objectives: To assess the clinical efficacy of benzylpenicillin plus ceftriaxone for the management of enterococ-
cal endovascular infections, in addition to assessing this combination’s in vitro synergy.

Patients and methods: Retrospective cohort study assessing unplanned readmissions, relapses and mortality
for 20 patients with endovascular Enterococcus faecalis infections treated with benzylpenicillin plus ceftriaxone
delivered via OPAT. For a subset of isolates, synergism for both amoxicillin and benzylpenicillin in combination
with ceftriaxone was calculated using a chequerboard method.

Results: Patients had endovascular infections of native cardiac valves (n = 11), mechanical or bioprosthetic car-
diac valves (n = 7), pacemaker leads (n = 1) or left ventricular assistant devices (n = 1). The median duration of
OPAT was 22 days, and the most frequent antimicrobial regimen was benzylpenicillin 14 g/day via continuous in-
fusion and ceftriaxone 4 g once daily via short infusion. Rates of unplanned readmissions were high (30%), al-
though rates of relapsed bacteraemia (5%) and 1 year mortality (15%) were comparable to the published litera-
ture. Benzylpenicillin less frequently displayed a synergistic interaction with ceftriaxone when compared with
amoxicillin (3 versus 4 out of 6 isolates).

Conclusions: Lower rates of synergistic antimicrobial interaction and a significant proportion of unplanned read-
missions suggest clinicians should exercise caution when treating enterococcal endovascular infection utilizing a
combination of benzylpenicillin and ceftriaxone via OPAT.

Introduction

Enterococci are the third most frequent cause of infective endocar-
ditis (IE)." As guidelines recommend prolonged treatment,? out-
patient parenteral antimicrobial therapy (OPAT) is often utilized.*
Although in vitro growth is typically inhibited by penicillins with low
MICs,? enterococci are tolerant to the bactericidal effects of penicil-
lins, often with minimum bactericidal concentrations (MBC) to MIC
ratios more than 32.% To overcome this, endocarditis is managed
with high dose B-lactams, plus combination therapy selected on
the basis of in vitro synergism.? Either amoxicillin or benzylpenicillin
in combination with an aminoglycoside is the traditional regimen

for Enterococcus faecalis IE,> however, frequent high-level amino-
glycoside resistance or renal dysfunction have led guidelines to
equally endorse amoxicillin in combination with ceftriaxone’—a
regimen supported by in vitro data,* animal model® and human
observational studies.! Unlike benzylpenicillin, amoxicillin is too un-
stable for outpatient use.® Thus, despite lack of guideline endorse-
ment,? benzylpenicillin and ceftriaxone are not uncommonly
utilized for enterococcal IE management via OPAT.%’

We aimed to assess the clinical efficacy of benzylpenicillin plus
ceftriaxone therapy delivered via OPAT for the management of
enterococcal endovascular infection, and assessed for in vitro syn-
ergy between this combination.

©The Author(s) 2021. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

1of5

120z Jequiaydag 20 uo }senb Aq 61817£9/8Z 1 deIP/E/E/E1oN e /IWEDEl/WoD dNo oW pese//:SA)Y WOy papeojumod


https://orcid.org/0000-0003-1671-6188
https://academic.oup.com/

Ingram et al.

Patients and methods

We performed a retrospective cohort study at a 783 bed Australian tertiary
hospital with a multidisciplinary IE service as described previously.® Patients
were identified from a pre-existing, OPAT database, then restricted to those
with endovascular infection caused by enterococci that were treated with
benzylpenicillin plus ceftriaxone. For patients with IE, this was limited to
those with definite IE as per the modified Duke criteria.® Patient selection
for OPAT was at the discretion of an infectious diseases (ID) physician.
Community nurses administered antimicrobials via a peripherally inserted
central catheter by slow injection or continuous infusion using elastomeric
devices. All patients were managed by an ID physician, including weekly la-
boratory monitoring, clinical review and discussion at a multidisciplinary
team meeting.

Patient, infection- and treatment-related information was extracted
from medical records, using previously published definitions for immuno-
suppression® and location of acquisition.® Indications for surgical manage-
ment of IE were assessed according to European guidelines.? Outcomes
assessed were unplanned readmissions, adverse events, relapsed bacter-
aemia and mortality.

Prior to initiation of benzylpenicillin therapy, all isolates were demon-
strated to be penicillin susceptible via Vitek2 (bioMérieux, MO, USA).2° For six
randomly selected isolates, MICs for amoxicillin, benzylpenicillin and cef-
triaxone were determined by broth microdilution according to CLSI guide-
lines,' and synergy testing was performed via the chequerboard
method.'? Using commercially supplied powder (Sigma-Aldrich, USA) and
cation-adjusted Muller-Hinton broth (Becton-Dickinson, USA), solutions of
amoxicillin, benzylpenicillin and ceftriaxone were prepared, and then serial-
ly diluted. One hundred pL of amoxicillin, benzylpenicillin and ceftriaxone
solution at concentration ranges of 0.008-8.0 mg/L, 0.008-8.0mg/L and
0.5-32 mgl/L, respectively, were prepared in a 96-well tray. Twenty plL of a
5 x 10° cfu/mL solution of each isolate was inoculated into each well and
the tray incubated at 35°C for 16-20 h. Using the MIC of either amoxicillin or
benzylpenicillin alone, ceftriaxone alone and either amoxicillin or benzylpe-
nicillinin the presence of 4 mg/L of ceftriaxone, the fractional inhibitory con-
centration index (FICI) was calculated.? E. faecalis ATCC 29212 and
Escherichia coli ATCC 25922 were used as quality control strains and all
experiments were performed in duplicate.

Multilocus sequence types were determined by whole genome
sequencing. DNA was extracted using the DNeasy® Blood and Tissue kit
(Qiagen, 69506) according to the manufacturer’s instructions. DNA was
quantified using the Qubit™ 3.0 Fluorometer (Thermofisher). DNA libraries
were prepared using the Nextera® XT DNA Library Prep kit (Illumina, United
States) as per the manufacturer’s protocol. Libraries were sequenced on
the Illumina NextSeq™ 500 platform using 150bp chemistry. Raw reads
were assembled using SPAdes v3.10.1,'* and sequence types were
assigned using the E. faecalis MLST scheme! on the PubMLST website
(https://pubmlst.org).

The study was approved by the South Metropolitan Health Service
Human Research Ethics Committee (RGS-1075).

Results

Between 2015 and 2020 twenty patients were treated with ben-
zylpenicillin plus ceftriaxone via OPAT for enterococcal endovascu-
lar infections (Table 1). The median duration of inpatient
antimicrobial therapy prior to OPAT was 17 days and consisted of
amoxicillin plus either ceftriaxone (n =13, 65%), or gentamicin
(n =6, 30%) or benzylpenicillin plus gentamicin (n = 1, 5%). During
OPAT benzylpenicillin was always administered by continuous in-
fusion, either at 14g (n =15, 75%), 10.8g (n =4, 20%) or 8.8g
(n=1, 5%) per day. All patients received 4 g/day of ceftriaxone, by
once daily injection (n=11, 55%), continuous infusion (n=38§,

40%) or 2 g twice daily (n =1, 5%). The median duration of anti-
biotic therapy via OPAT was 22 days, during which three (15%)
patients experienced antimicrobial adverse effects. Unplanned re-
admission from OPAT occurred in six patients (30%), due to either
congestive cardiac failure (one case of acute mitral valve perfor-
ation/regurgitation, one case of progressing mitral valve regurgita-
tion), fever for investigation (both attributed to persisting infection,
one managed successfully with no change to therapy and the
other managed with palliative withdrawal of antimicrobials), ar-
rhythmia (new onset atrial fibrillation) or antimicrobial adverse ef-
fect (drug rash with eosinophilia and systemic symptoms). Longer
term follow-up revealed one patient (5%) experienced relapsed
bacteraemia within 6 months of diagnosis, and 1 year mortality
was 15%.

All enterococci were E. faecalis, and for the six isolates further
characterized, the median benzylpenicillin MIC (1 mg/L, IQR 0.5-
1 mg/L) was lower than the median amoxicillin MIC (4 mg/L, IQR
4-4mg/L). Three isolates (50%) were high-level aminoglycoside
resistant. Ceftriaxone MICs were all 256 mg/L. For all but one of the
isolates, the combination of amoxicillin and ceftriaxone demon-
strated a stronger synergistic relationship as shown by lower FICIs,
with the criteria for synergy being met for 4 isolates (66%), versus
3 out of 6 (50%) for benzylpenicillin and ceftriaxone (Figure 1). The
isolates belonged to ST179 (n = 2), ST502 (n = 2), ST56 (n=1) and
ST6 (n=1).

Discussion

As far as we are aware, this is the most comprehensive study of
enterococcal endovascular infection management using benzyl-
penicillin and ceftriaxone in the outpatient setting, and based on
our clinical observations and in vitro data caution should be exer-
cised when utilizing this combination.

In contrast to the combination of amoxicillin and ceftriaxone,
published outpatient experience with benzylpenicillin and ceftriax-
one is limited to seven patients all of whom had favourable out-
comes.®’ In our cohort of older, comorbid patients, nearly half of
whom had infections involving prosthetic material, patients had a
higher rate of OPAT-related, unplanned readmissions (30%) than
previously described,®” mostly due to relapsed fever or cardiac
dysfunction. Published rates of hospital readmission from OPAT
range from 3.5%-18%,'> however patients with enterococcal
infections are known to have a threefold higher risk of adverse out-
comes during OPAT, potentially explained by higher rates of illness
acuity and use of multiple antimicrobials concurrently.’® The fre-
quency of microbiologically proven relapse (5%) and one year
mortality (15%) that we observed were comparable to the wider
published experience using amoxicillin in combination with cef-
triaxone, in which relapses occur in 0%-14% and one year mortal-
ity ranged from 17%-26%.

Contrary to results of time-kill testing of a single E. faecalis iso-
late that failed to demonstrate synergy between benzylpenicillin
and ceftriaxone,® we did demonstrate synergism for this combin-
ation, albeit in only 3 of 6 (50%) isolates, with FICIs consistently in-
ferior to the amoxicillin and ceftriaxone combination. Whilst
amoxicillin and benzylpenicillin appear to exhibit similar capacity
for synergy with aminoglycosides amongst enterococci,’” altera-
tions in penicillin binding proteins may explain varying affinity for
different B-lactams,'® and hence synergism between particular
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Table 1. Infection-related characteristics and outcomes for patients receiving benzylpenicillin in combination with ceftriaxone for enterococcal endo-
vascular infections (n = 20)

Characteristic Value
Age, years, median (IQR) 69 (60-79)
Male, n (%) 14 (70%)
Aboriginal or Torres Strait Islander, n (%) 1 (5%)
Charlson co-morbidity index, median (IQR) 2.5(0.5-3)
Baseline creatinine, umol/L, median (IQR) 90 (66-145)
Immunosuppression, n (%) 4 (20%)
Risk factors for infective endocarditis, n (%)
Prior valve surgery 10 (50%)
Prior infective endocarditis 3(15%)
Intravenous drug use (past or present) 4 (20%)
Congenital heart disease 1(5%)
Rheumatic heart disease 0(0%)
Location of acquisition, n (%)
Community onset, non-healthcare associated 11 (55%)
Community onset, healthcare associated 9 (45%)
Nosocomial 0 (0%)
Valvular involvement (can be >1), n (%)
Aortic 13 (65%)
Mitral 5(25%)
Tricuspid 1 (5%)
Pacemaker lead/LVAD 2 (10%)
Prosthesis involvement, n (%)
Mechanical cardiac valve 4 (20%)
Bioprosthetic cardiac valve 3 (15%)
Pacemaker lead 1 (5%)
LVAD 1(5%)
Inpatient length of stay, days, median (IQR) 17 (12-22)
Surgery management of infective endocarditis indicated, n (%) 12 (60%)
Surgery performed 7
OPAT antibiotic duration, days, median (IQR) 22 (8-34)
Catheter-related adverse event during OPAT, n (%) 0 (0%)
Antimicrobial adverse event during OPAT, n (%) 3 (15%)
Acute kidney injury 1 (5%)
Drug hypersensitivity rash 1 (5%)
C. difficile superinfection 1(5%)
Unplanned readmission during OPAT, n (%) 6 (30%)
Congestive cardiac failure 2 (10%)
Fever for investigation 2 (10%)
Cardiac arrhythmia 1 (5%)
Antimicrobial adverse event 1 (5%)
Relapse of bacteraemia within 6 months of diagnosis, n (%) 1 (5%)
Mortality, n (%)
Within 30 days of diagnosis 1 (5%)
Within 1 year of diagnosis® 3(15%)

LVAD, left ventricular assistant device.
“0One year follow-up data incomplete for 2 patients.

penicillins and cephalosporins. For example, when compared with Given the paucity of clinical data and in vitro findings, out-
other cephalosporins, ceftaroline exhibits a greater degree of syn-  patient alternatives to the combination of benzylpenicillin
ergy when part of a dual B-lactam combination.’® Our data sug- and ceftriaxone should be considered. For example, out-
gests different penicillins have varying capacity for synergism with ~ patient infusion of 2g of amoxicillin every 6h avoids the
any given cephalosporin. restrictions imposed by antimicrobial instability.' However,
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Figure 1. Comparison of fractional inhibitory concentrations for amoxicillin and ceftriaxone compared to benzylpenicillin and ceftriaxone amongst
six E. faecalis isolates causing endovascular infection. A fractional inhibitory concentration index <0.5 indicates synergism .12

antimicrobials delivered less frequently are better suited to
OPAT, and data is emerging describing outpatient manage-
ment of enterococcal endocarditis using teicoplanin or dap-
tomycin once daily, or dalbavancin once weekly.' Based on
in vitro synergy testing results, daptomycin has also been
successfully utilized in combination with ceftaroline via
OPAT.?® In circumstances where clinicians would prefer to
continue to use synergistic gentamicin, reducing the duration
of gentamicin therapy may limit nephrotoxicity without com-
promising efficacy.! Finally, amongst a selective patient
population with endocarditis, of whom 24% had enterococ-
cal infections, a recent randomized controlled trial demon-
strated non-inferiority of predominantly oral outpatient
therapy compared with inpatient parenteral therapy.®

A comprehensive assessment of clinical outcomes is prohibited
by our small sample size, retrospective study design and the lack
of a comparator group. Although hypothesis-generating only, our
findings warrant further exploration as antimicrobial adjustment
during transition to OPAT should not compromise patient out-
comes. We acknowledge that correlation of in vitro synergy testing
with clinical outcomes is limited,*” and variation in ceftriaxone
dose frequency may have impacted OPAT outcomes, particularly
as recent pharmacokinetic data suggests once daily dosing may
be insufficient to achieve concentrations required for synergism
with  penicillins.’®  Amoxicillin  steady-state  concentrations
achieved during continuous infusions were recently described,”!
and it has been suggested that non-bactericidal amoxicillin con-
centrations may move into the bactericidal range when co-
administered with ceftriaxone.” However, the relative impact on
MBCs of ceftriaxone in combination with benzylpenicillin compared
with amoxicillin is unknown. Finally, as antimicrobial synergy
amongst enterococci is strain specific® our observations would

benefit from reproduction in a larger number of more geographic-
ally diverse isolates.

Conclusions

On the basis of lower rates of synergistic antimicrobial interaction
and a significant proportion of unplanned readmissions, clinicians
should exercise caution when treating enterococcal endovascular
infection using benzylpenicillin and ceftriaxone in the outpatient
setting.

Acknowledgements

The authors would like to acknowledge the Fiona Stanley Hospital OPAT
staff members for their assistance with this study.

Funding

This study was supported by internal funding.

Transparency declarations
None to declare.

References

1 Herrera-Hidalgo L, de Alarcon A, Lopez-Cortes LE et al. Enterococcus faeca-
lis endocarditis and outpatient treatment: a systematic review of current
alternatives. Antibiotics (Basel) 2020; 9: 657.

2 Habib G, Lancellotti P, Antunes MJ et al. 2015 ESC Guidelines for the man-
agement of infective endocarditis: the Task Force for the Management of

4 of 5

1202 Jequiaydas /0 uo 1sanb Aq 61877E£9/8Z L deIP/E/E/aI01e/IWEde]/W0d dno olWapeo.//:Sd)Y Wolj Papeojumo(



Combination therapy for enterococcal endocarditis

JAR

Infective Endocarditis of the European Society of Cardiology (ESC). Endorsed
by: European Association for Cardio-Thoracic Surgery (EACTS), the European
Association of Nuclear Medicine (EANM). Eur Heart J 2015; 36: 3075-128.

3 Wilkowske CJ. Enterococcal endocarditis. Mayo Clin Proc 1982; 57: 101-5.
4 Gavaldd J, Torres C, Tenorio C et al. Efficacy of ampicillin plus ceftriaxone in
treatment of experimental endocarditis due to Enterococcus faecalis strains
highly resistant to aminoglycosides. Antimicrob Agents Chemother 1999; 43:
639-46.

5 Thieme L, Hartung A, Makarewicz O et al. In vivo synergism of ampicillin,
gentamicin, ceftaroline and ceftriaxone against Enterococcus faecalis
assessed in the Galleria mellonella infection model. J Antimicrob Chemother
2020;75:2173-81.

6 Tritle BJ, Timbrook TT, Fisher MA et al. Penicillin as a potential agent for dual
B-lactam therapy for enterococcal endocarditis. Clin Infect Dis 2020; 70:
1263-4.

7 Suzuki H, Carlson JR, Matsumoto E. Treatment of Enterococcus faecalis in-
fective endocarditis with penicillin G plus ceftriaxone. Infect Dis (Lond) 2020;
52:135-8.

8 Ingram PR, Carrello TL, Jones AL et al. Impact of adherence to surgical and
non-surgical components of infective endocarditis guidelines and recom-
mendations. J Infect Chemother 2020; 26: 923-7.

9 Durack DT, Lukes AS, Bright DK. New criteria for diagnosis of infective endo-
carditis: utilization of specific echocardiographic findings. Duke Endocarditis
Service. Am J Med 1994; 96: 200-9.

10 CLSL Performance Standards for Antimicrobial Susceptibility Testing—
Twenty Seventh Edition: M100.2017.

11 CLSL Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria
That Grow Aerobically—Eleventh Edition: MO7.2018.

12 Doern CD. When does 2 plus 2 equal 5? A review of antimicrobial synergy
testing. J Clin Microbiol 2014; 52: 4124-8.

13 Bankevich A, Nurk S, Antipov D et al. SPAdes: a new genome assembly algo-
rithm and its applications to single-cell sequencing. J Comput Biol 2012; 19:
455-77.

14 Ruiz-Garbajosa P, Bonten MJ, Robinson DA et al. Multilocus sequence typ-
ing scheme for Enterococcus faecalis reveals hospital-adapted genetic com-
plexes in a background of high rates of recombination. J Clin Microbiol 2006;
44:2220-8.

15 Mirén-Rubio M, Gonzalez-Ramallo V, Estrada-Cuxart O et al. Intravenous
antimicrobial therapy in the hospital-at-home setting: data from the Spanish
Outpatient Parenteral Antimicrobial Therapy Registry. Future Microbiol 2016;
11:375-90.

16 Keller SC, Wang NY, Salinas A et al. Which patients discharged to home-
based outpatient parenteral antimicrobial therapy are at high risk of adverse
outcomes? Open Forum Infect Dis 2020; 7: ofaal178.

17 Westh H, Frimodt-Meller N, Gutschik E. Bactericidal effect of penicillin,
ampicillin, and amoxicillin alone and in combination with tobramycin against
Enterococcus faecalis as determined by kill-kinetic studies. Infection 1991; 19:
170-3.

18 Smith JR, Barber KE, Raut A et al. B-Lactam combinations with daptomy-
cin provide synergy against vancomycin-resistant Enterococcus faecalis and
Enterococcus faecium. J Antimicrob Chemother 2015; 70: 1738-43.

19 Sakoulas G, Nonejuie P, Nizet V et al. Treatment of high-level gentamicin-
resistant Enterococcus faecalis endocarditis with daptomycin plus ceftaroline.
Antimicrob Agents Chemother 2013; 57: 4042-5.

20 Herrera-Hidalgo L, de Alarcon A, Lopez-Cortes LE et al. Is once-daily high-
dose ceftriaxone plus ampicillin an alternative for Enterococcus faecalis in-
fective endocarditis in OPAT? Antimicrob Agents Chemother 2020; 65:
€02099-20.

21 Rambaud A, Gaborit BJ, Deschanvres C et al. Development and validation
of a dosing nomogram for amoxicillin in infective endocarditis. J Antimicrob
Chemother 2020; 75: 2941-50.

50of 5

1202 Jaquialdas /0 U0 1senb Aq 61.81¥€9/8Z 1 dEIP/E/E/BI0IE/ILEOEI/ W0 dNO"0IWepED.//:SdY WOy PapEojUMOQ



	tblfn1
	tblfn2



