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ABSTRACT

Objective: To resolve an exceptional clustering of Cutibacterium avidum prosthetic valve infective endo-
carditis (IE) at a single heart center.

Methods: During a period of 21 months, three patients experienced C. avidum bacteremia 24-128 days
after aortic valve replacement. Operative procedures and electronic prescriptions of antimicrobials were
surveyed, and bacterial isolates were genome sequenced.

Results: The prosthetic valves were inserted by separate surgical teams. In one case, echocardiographic
confirmation of IE was not achieved until 4 months after the first positive blood culture, but the causative
agents were irrefutably documented in all cases by culture, or amplification of bacterial deoxyribonucleic
acid, from removed prosthetic material. Whole-genome sequencing clustered isolates to a distinctive sub-
group of the species but did not suggest inter-patient transmission of isolates.

Conclusions: Despite vigorous sampling of blood and tissue, detection of C. avidum was not unconditional,
neither by culture nor polymerase chain reaction test. The causative agent is likely underreported and
should be meticulously searched for in culture-negative prosthetic valve endocarditis.

© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The widespread use of implantable prosthetic material has in-
creased the incidence of infective endocarditis (IE) and modified
the spectrum of causative microorganisms. Foreign body surfaces
constitute a distinct target for adherence, and Cutibacterium ac-
nes now accounts for 6-10% of prosthetic IE cases [1]. C. acnes is
a recognized agent of various prosthetic infections but reports of
Cutibacterium avidum infections are not frequent [2]. A comprehen-
sive list of C. avidum case reports up to 2018 is available [3], but
only three cases of IE are included, all preceded by aortic valve re-
placement.

Case series (see Figure 1)
Case 1. Elective implantation of mechanical composite graft for

severe aortic valve stenosis in an otherwise healthy 34-
year-old female. Four months later the patient presented
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with a history of fever for 2 weeks, elevated C-reactive
protein (CRP) levels (48 mgj/liter) and anemia (hemoglobin
5.4 mmol/liter). Transesophageal echocardiography (TEE)
demonstrated aortic root abscess and vegetation on the me-
chanical valve, and the homograft was replaced with an aor-
tic root bioprostheses.

Case 2. Elective implantation of mechanical valve for severe,

but asymptomatic aortic valve stenosis in 66-year-old female
with type 2 diabetes. Three weeks after discharge the pa-
tient was admitted with malaise, high fever, and elevated
CRP. TEE showed inconclusive consolidation of the aortic
root, and no visible excrescences on mechanical valves. CRP-
levels dropped from 123 to 60 mg/liter without antimicro-
bial treatment. Three days later the patient was readmitted
due to continuous fever. The last set of the original blood
samples was now positive with Gram-positive rods. A TEE
performed 5 days after the first revealed a distinct out-
growth from the tricuspid valve into the right atrium, pos-
sibly originating from an aortic root abscess C. avidum was
cultured from removed heart tissue, mediastinal tissue, and
prosthesis.

1201-9712/© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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Figure 1. Collection of 54 blood samples partitioned into culture bottles FA plus and FN plus (BacT/ALERT bioMerieux, Sweden), and prescription of antimicrobial agents in
consecutive time from implantation to replacement of prosthetic valves, IE (Infective Endocarditis) cases 1-3. Open circles represent negative cultures; red circles indicate
culture of C. avidum in one or both of two collected vials.Isolates from case 1 were solely cultured in aerobic bottles (FA Plus); the two positive blood samples from case 2
were cultured in both vials; isolates from case 3 were cultured in both vials in three samples, and in anaerobic bottles (FN Plus) only in eight samples. Colored bars adjacent
to timelines indicate prescribed antimicrobials (oral, above line; intravenous, below line). Bars with arrowheads indicate initiation of therapy directed against endocarditis.

C. avidum was identified in tissue removed with prosthetic material (triangles).

Case 3. Elective implantation of both mitral- and aortic valves
for stenoses in a 66-year-old female with hypertension,
chronic obstructive pulmonary disease, and complete atrio-
ventricular block. Four weeks after insertion, the general
practitioner prescribed amoxicillin for treatment of dry
cough and fever without convincing effect, and the pa-
tient was admitted to hospital. The patient had low grade
fever (37.9°C) and elevated CRP (89 mg/liter). TEE showed
atrial fibrillation, and anticoagulation therapy was initiated.
Three weeks later, the patient was readmitted with fever
(38.9°C), and intravenous piperacillin-tazobactam was initi-
ated. When blood cultures of C. avidum 6 days later was
communicated to the clinicians, the patient was already
discharged with oral amoxicillin-clavulanate prescribed for
7 days. One and 3 months later, multiple blood cul-
tures were negative. Six months after implantation, con-
tinuous C. avidum bacteremia was documented. The pa-
tient was subjected to valve exchange surgery, and C.
avidum 16S ribosomal ribonucleic acid (rRNA) gene was
polymerase chain reaction (PCR) amplified from aortic valve
vegetations.

Results and discussion

Three patients experienced bacteremia with C. avidum after in-
sertion of prosthetic valves at a single heart center in Denmark.
The bacteria were susceptible to penicillin according to European
Committee on Antimicrobial Susceptibility Testing (EUCAST) Clin-
ical Breakpoint Tables v. 13.1 guidelines for C. acnes (MIC < 0.06
mg/liter), and 3-gram benzylpenicillin administered every 6 hours
was prescribed, in addition to surgical replacement of prosthetic
material.

Insertion of the prosthetic valves were performed by three dif-
ferent surgical teams. Two bacterial genome sequences of case
#3 cultured 130 days apart were identical (see below), suggest-
ing a rapid inception of IE; however, the diagnosis was delayed
in this case (Figure 1). We compared bacterial genomes from the
three patients with genomes from the public repositories where
details of culture site were given. The population structure of the
species appears coherent, albeit with noticeable clusters. The en-
docarditis strains cluster with three strains from prosthetic joint
infection plus the prostate strain (Figure 2). Isolates from case
2 and 3 were closely related, and we compared isolates from

these patients with two related sequences from GenBank. The lim-
ited comparison identified 2097 core genes shared by all five iso-
lates. Only one SNP separated the two genome sequences of case
3, cultured 130 days apart. In contrast, 215 SNPs distinguished
the isolate of case 3 from case 2, whereas 84 and 106 SNPs
separated case 3 from GCF_000463645.1 (prostate strain 2013)
and GCF_024104915.1 (prosthetic joint infection 2019), respectively.
Thus, isolates of cases 2 and 3 were definitely discrete, and all
three agents may originate from the microbiota of individual pa-
tients. The “IE cluster” of Figure 2 is conspicuous, but a specific
set of known virulence genes did not complement the intriguing
union of pathogenic strains in the IE cluster, which is defined by
similarity of core genes.

The contrast of only three cases of C. avidum IE published in
the literature vs three cases diagnosed within two years at a sin-
gle heart center must be addressed. Several observations demon-
strate the difficult identification of the pathogen in clinical samples
from documented infections. Of 54 double-portion blood samples,
37 were negative despite limited administration of antibiotics at
hospitals or prescription by general practitioners (Figure 1). The
patient in case #2 rapidly presented with symptoms shortly af-
ter insertion of mechanical valve, but only the last of five double
sets of blood cultures finally revealed the causative agent. Abun-
dant colonies of C. avidum were, however, cultured from prosthetic
material and aortic root tissue removed 30 h after initiation of an-
timicrobial therapy. This is in contrast to the single colonies cul-
tured from prosthetic material removed the day after initiation of
antimicrobial treatment from case #1 (tissue samples were nega-
tive). In case #3, prosthetic material removed was negative by PCR
(Applied Biosystems™ Fast MicroSEQ™ 500 16S rDNA PCR Kit).
Because of discord between PCR and macroscopic evidence from
surgery, additional tissue material was selected from the removed
prosthesis, and on the second attempt C. avidum 16S rRNA gene
was amplified.

Blood culture-negative IE is common and may constitute up to
20% of cases [4]. It is well known that C. acnes is difficult to cul-
ture from prosthetic joint infections, and prolonged culture of such
tissue is recommended [5,6]. Extended incubation of blood was re-
cently evaluated for diagnosis in suspected cases of IE, but the out-
come meager: only one detection of C. acnes was consistent with
definite prosthetic aortic valve endocarditis, while the bacterium
was cultured after prolonged incubation in 18 cases where sus-
pected diagnosis of IE was ruled out [7].

The mean time to positive blood culture signal in our case se-
ries was 4.2 days (range 3.2-6.0 days). Our case series is small, and
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Figure 2. Neighbor-joining dendrogram of three strains from infective endocarditis and one from abdominal empyema, plus 38 human strains from the public repositories.
Evolutionary distances are based on base substitutions in 1333 core genes (1,378,035 nucleotides; 11-42,103 pairwise SNPs). Skin and mucosal samples comprise 13 samples
from skin/acne/wound, six fecal or gut samples, and one vaginal sample. Whole-genome sequencing, annotation and identification of core genes were performed as described

[9,10]. Selected bootstrap values are indicated. Bar represents 5000 residue substitutions.

SNP, single nucleotide polymorphism.

the time-window cannot be directly compared to the 7-days me-
dian time to positive signal reported from 54 patients with bac-
teremia and C. acnes endocarditis [8]. Additionally, the indolent
presentation of symptoms in that study, where most patients were
admitted without prior experience of fever, and with a median
CRP level of 36 mg/liter, does not mirror our case series. It can-
not be excluded, that some blood culture vials deemed negative
after 6 days of incubation (our time limit of incubation), could
afterwards have presented growth of C. avidum. But the cluster-
ing of positive signals after 4-5 days does not indicate that pro-
longed incubation will markedly improve diagnosis of C. avidum
IE. Lack of antimicrobial restraint can definitely obstruct identifica-
tion, but experience from cases #2 and #3 testifies to the challenge
of detection, despite definite IE and absence of recently prescribed
antimicrobials. Current blood culture systems may lack compe-
tence to sustain growth of C. avidum, or the biofilm nature of
the bacterium suppresses the frequency of detachment from the
prosthesis.

Conclusion

A possible explanation is that C. avidum is a relatively com-
mon, but unrecognized cause of prosthetic valve IE. Blood cul-
tures should be vigorously sampled before antimicrobials are pre-
scribed. Cutibacterium species are considered anaerobes, but micro-
biologists should be aware that C. avidum may preferentially be
recovered from aerobic incubation. If surgical removal of infected
prosthesis is performed, the material provides an opportunity for
identification after antimicrobial treatment have been initiated, al-
though success is not certain.

Limitations

Antimicrobial consumption outside hospital was extracted from
the nationwide portal FMK (common medication chart), a database
of the Danish Health Authority that encompasses information of
electronic prescriptions and purchase of all Danish citizens.
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