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ABSTRACT

Bone and joint infections (BJI) caused by vancomycin-resistant Enterococcus spp. (VRE) are
difficult to treat due to limited antibiotic options. Although linezolid can be used for VRE
treatment, it is often discontinued due to time-dependent bone marrow suppression.
Daptomycin, a lipopeptide antibiotic agent with rapid bactericidal activity, is another
available therapeutic option for VRE infections. We report a case of VRE BJI successfully
treated with a high dose of daptomycin plus p-lactam agents. An 84-year-old man received
linezolid for the treatment of VRE BJI. After 2 weeks of therapy, the patient experienced
bleeding events associated with linezolid-induced bone marrow toxicity and linezolid was
discontinued. Next, high-dose daptomycin therapy combined with a B-lactam agent was
selected to treat the remaining VRE BJI. During daptomycin treatment, microbiological
eradication was achieved, and the patient clinically improved without evidence of adverse
events. We highlight the need for daptomycin use for the treatment of VRE infections,
especially in cases where linezolid is ineffective.
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INTRODUCTION

Bone and joint infections (BJIs) are difficult to treat due to poor penetration of antibiotics at the
infection site, resulting in treatment failure [1, 2]. BJIs are also associated with recurrence or
poor outcomes, especially in cases caused by multidrug-resistant pathogens [3]. In particular,
BJIs caused by vancomycin-resistant Enterococcus spp. (VRE) are more challenging to treat
because of limited antibiotic options. Although linezolid is available for VRE treatment, it is
often discontinued because it can cause bone marrow suppression in a time-dependent manner
in BJIs that require long-term treatment. In addition, the bacteriostatic activity of linezolid has
raised concerns for its use in the treatment of severe BJIs. In such cases, daptomycin (DAP) can
be considered an effective therapeutic option for BJIs caused by VRE [4].

DAP is a cyclic lipopeptide that exhibits rapid bactericidal activity through the inhibition
of DNA, RNA, and protein synthesis. It is effective against most Gram-positive bacteria
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including Enterococcus spp. [5]. Due to the high DAP minimal inhibitory concentration
(MIC) of Enterococcus faecium, in particular vancomycin-resistant isolates, a high dose of DAP
is required to treat infections caused by E. faecium according to the clinical and laboratory
standards institute (CLSI) guidelines [6]. With the use of high-dose DAP for infections
caused by isolates with high DAP MIC, -lactam combination therapy can be an effective
strategy as it reduces the MIC of DAP [7].

Currently, DAP usage in Korea is limited. Here, we report the treatment of a patient with BJTs,
caused by VRE, with high-dose DAP plus B-lactam agents.

CASE REPORT

An 84-year-old man was transferred to our hospital in February 2021 with hematuria and oral
bleeding of 7 days due to pancytopenia. The patient had a history of hypertension, diabetes
mellitus, and end stage renal disease and was on hemodialysis. He underwent right hip
replacement surgery in July 2020 for a traumatic hip fracture. Subsequently, prosthetic joint
infection occurred in December 2020, resulting in implant removal and antibiotic-loaded
cement insertion surgery. He received antibiotic therapy with meropenem and linezolid for
more than 2 weeks in February 2021 because of isolation of multidrug-resistant bacteria,
including VRE, in a hemovac mounted at the surgical site.

Upon his arrival at the hospital, laboratory test results were as follows: white blood cell
count, 3,740/mm?*; hemoglobin level, 7.3 g/dL; platelet count, 23,000/mm?; and C-reactive
protein (CRP) level, 85.9 mg/L. As linezolid-induced thrombocytopenia was suspected

and there was no gross evidence of surgical site infection at the initial examination, we
discontinued linezolid. However, pneumonia that required mechanical ventilation was
observed. Therefore, we selected another antibiotic agent to treat hospital-acquired
pneumonia. Platelet counts returned to normal levels after linezolid discontinuation, and the
pneumonia improved. However, localized swelling and heating sensation were noted in the
right hip (previous surgical site), with gradually increasing CRP levels on hospital day 21.

We performed computed tomography (CT) of the hip joint after suspecting a surgical site
infection (Fig. 1). A CT scan demonstrated complicated fluid collection around the previous
surgical site, consistent with deep-seated surgical site infection. Consequently, foreign body
removal and debridement were performed on hospital day 34. Vancomycin-resistant E. faecium
was identified on abscess aspiration and tissue culture performed at the time of surgery.
According to these results, linezolid was re-administered with close monitoring of bone
marrow toxicity. The CRP level decreased slightly after linezolid administration; however,
thrombocytopenia developed and aggravated during linezolid use. Since there was no definite
evidence of the cause of thrombocytopenia other than linezolid use, we discontinued linezolid.
The platelet count increased 5 days after linezolid discontinuation (Supplementary Fig. 1).

We administered DAP for the treatment of VRE infection. A DAP susceptibility test for VRE was
conducted and a DAP MIC of 2.0 pg/ml was obtained. In 2020 CLSI guidelines for E. faecium,

a susceptible dose-dependent breakpoint of <4 pg/ml was established based on a dosage of

8 - 12 mg/kg/day [6]. Therefore, a high-dose DAP (10 mg/kg) was administered to the patient.
In addition, B-lactam agents were used in combination therapy to improve the therapeutic
effect. Subsequently, the CRP levels continued to decrease. The specimen obtained through the
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Figure 1. Computer tomography scan of abscess formation around the right hip joint indicating deep seated
surgical site infection (blue arrows) with foreign body (red arrow) on hospital day 28.

drainage tube at the surgical site revealed microbiological eradication, and a follow-up CT scan
showed an improvement in fluid collection on hospital day 76 (Fig. 2). No further recurrence
was noted after a high dose of DAP plus f3-lactam combination therapy (Fig. 3).

DISCUSSION

In this case, linezolid was discontinued because its long-term use resulted in bone marrow
toxicity. We then selected DAP for VRE BJI treatment, considering previous studies showing
that DAP is active against VRE, penetrates the bone tissue, and maintains an effective
concentration in the synovial fluid [8, 9]. In addition, the characteristics of E. faecium with

a high DAP MIC and biofilm-forming ability led us to use a high DAP dose (10 mg/kg)
combined with B-lactam agents. As a result, microbiological eradication was achieved and
the patient improved without evidence of adverse therapy events.

In Korea, linezolid is mostly used to treat VRE infections. However, approximately 6.6% of
patients experience bone marrow toxicity during linezolid use, which usually occurs within

10 - 14 days of treatment initiation [10]. This notable adverse effect of linezolid results from its
myelosuppression and immune-mediated platelet destruction mechanism [11]. If symptoms
or signs associated with bone marrow suppression (e.g., bleeding) occur, linezolid should

Figure 2. Computer tomography scan of the hip joint showing reduced abscess and soft tissue swelling (blue
arrows) in the right hip joint on hospital day 76.
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Figure 3. Clinical course of bone and joint infection caused by vancomycin-resistant Enterococcus faecium according to antibiotic use and intervention.

2Carbapenem was used for the treatment of central line-associated bloodstream infection caused by extended spectrum B-lactamase-producing Klebsiella
pneumoniae.

be replaced with another active drug for VRE treatment. Currently, DAP can be an excellent
option for VRE treatment. Several studies have already identified that patients treated with
DAP for VRE infection had favorable outcomes in terms of efficacy and safety compared to
linezolid treatment [8, 12, 13]. With regard to pharmacodynamics, DAP has dose-dependent
bactericidal activity [14]. Although the FDA-approved DAP dosage is 4 - 6 mg/kg/day, higher
DAP dosages are recommended for severe infections. For example, a DAP dose of 6 mg/kg/
day is recommended for Staphylococcus aureus bacteremia (including right-sided endocarditis),
but 8 - 10 mg/kg/day is recommended only for complicated cases [15]. A higher dose of DAP is
also required to treat infections caused by E. faecium. Indeed, E. faecium has a higher DAP MIC
than S. aureus or E. faecalis according to the 2020 CLSI guidelines [6]. In addition, E. faecium is
often associated with biofilm-producing infections, which reduces the efficacy of antibiotics
[16]. Therefore, it is effective to use DAP at 8 - 12 mg/kg based on MIC for E. faecium infection
[6]. When high doses are used, clinicians should carefully monitor creatinine phosphokinase
(CPK) levels and related symptoms, especially in patients who have impaired renal function
or are taking statins as high-dose therapy that sometimes results in myopathy, including
rhabdomyolysis [13]. Although data on the use of high-dose DAP in patients receiving
hemodialysis are not sufficient, some studies demonstrated that high-dose DAP can be used
safely when administered after the dialysis sessions, with close monitoring of CPK level [17, 18].

DAP can be used in combination with B-lactams, rifampin, trimethoprim-sulfamethoxazole,
fosfomycin, tigecycline, and linezolid. Of these drugs, the large amount of data on DAP
combined with B-lactam agents allows B-lactam agents to be selected for combination
therapy [5, 19]. The possible mechanisms by which B-lactam agents are effective in DAP
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combination therapy is the see-saw effect, synergism, increased killing by various cationic
host defense peptides, and prevention of resistance emergence [5]. One retrospective study
of114 patients who received DAP for VRE bacteremia demonstrated that patients treated with
high-dose DAP with B-lactam had improved survival compared to those treated with only
high-dose DAP [7]. In another recent study, DAP with -lactam was associated with a reduced
risk of mortality and recurrence in patients with methicillin-resistant S. aureus bacteremia
compared with DAP monotherapy [20].

In conclusion, we report a case of VRE BJI that was successfully treated with a high dose
of DAP plus B-lactam agents in a situation where it was difficult to use linezolid due to the
occurrence of linezolid-related thrombocytopenia.

SUPPLEMENTARY MATERIAL

Supplementary Figure 1
Platelet (PLT) count and white blood count (WBC) with differential count trends related to
linezolid administration on hospital days.

Click here to view
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