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Summary
Osteomyelitis is an infection involving bone. 
Staphylococcus aureus is the pathogen most frequently 
implicated; less frequently involved are other gram-
positive organisms, such as Staphylococcus epidermidis, 
and also gram-negative organisms. The antibiotic 
of choice for treatment of osteomyelitis caused by 
methicillin-resistant staphylococci (MRS) is vancomycin, 
although other alternatives such as daptomycin 
or teicoplanin are also considered. Osteomyelitis 
caused by MRS can be difficult to treat safely and 
effectively. This case report describes the successful 
use of daptomycin combined with ceftaroline for 
the treatment of osteomyelitis caused by methicillin-
resistant S. epidermidis (MRSE) in a 54-year-old 
woman, emphasising the clinical pharmacist’s role in 
antimicrobial stewardship programmes. This alternative 
combination has been studied in the treatment of 
methicillin-resistant S. aureus (MRSA), but it may also be 
useful in MRSE.

Background
Staphylococcus epidermidis is among the most 
frequent constituents of normal skin flora.1 2 These 
organisms are common contaminants in clinical 
specimens and are increasingly being recognised as 
agents of clinically significant infection, including 
bacteraemia and endocarditis. Patients at particular 
risk for coagulase negative staphylococci (CoNS) 
infection include those with prosthetic devices (eg, 
pacemakers, intravascular catheters) and immuno-
compromised hosts.3

According to the guidelines4 the treatment of 
choice for osteomyelitis caused by methicillin-
resistant S. epidermidis (MRSE) is vancomycin, 
despite the risk of nephrotoxicity and the need for 
monitoring. Other alternatives could be used such 
as daptomycin, fusidic acid, linezolid, cephalospo-
rins, clindamycin, dalvabancin or telavancin.

To predict vancomycin effectiveness, the most 
useful pharmacodynamic parameter is the ratio 
of the vancomycin area under the concentration-
time curve to the minimum inhibitory concentra-
tion (AUC/MIC) of ≥400.5 However, in patients 
with a serious infection and an MIC ≥2 mg/L for 
vancomycin, the use of an alternative therapeutic 
agent may be needed.6 In these cases, daptomycin 
should be used. The Infectious Diseases Society of 
America (IDSA) guidelines for the management of 
methicillin-resistant Staphylococcus aureus (MRSA) 
infections recognise daptomycin as an antibiotic 
option for the treatment of osteomyelitis,4 and the 
study by Mallizos et al2 noted successful rates of 

80% in patients with osteomyelitis treated with 
daptomycin. The optimal dose of daptomycin is 
uncertain; doses ranging from 6 to 10 mg/kg/day 
were used in the study above.

Daptomycin non-susceptibility is unusual in the 
clinical setting and it seems to be linked to multiple 
mutations in a number of genes, which affect the 
wall load, membrane fluidity and metabolism.7 The 
combination of daptomycin and a β-lactam such as 
ceftaroline may be beneficial against daptomycin-
susceptible and daptomycin-non-susceptible 
MRSA, increasing the negative charge of the 
bacterial cell surface leading to better daptomycin 
binding. Therefore, it may prevent the development 
of daptomycin resistance.8 9

The use of the combination of ceftaroline and 
daptomycin has been described in the following 
indications10: bacteraemia, infective endocarditis 
(IE) and MRSA prosthetic valve IE. However, 
evidence about the effectiveness and duration of 
this combination in the treatment of osteomyelitis 
is limited.

This type of infection has a complicated manage-
ment and physicians sometimes seek advice from 
the hospital antimicrobial stewardship programme 
(ASP) teams. These multidisciplinary groups are 
responsible for finding the optimal selection, 
dosage and duration of antimicrobial therapy that 
result in the best clinical outcome for the treatment 
or prevention of infection, with minimal toxicity 
to the patient and minimal impact on subsequent 
resistance.11 Our antimicrobial ASP team was estab-
lished in 2016, and clinical pharmacists are part of 
the team. They are actively involved in antimicro-
bial management, controlling the appropriate use 
of antimicrobial agents and optimising prescription 
behaviours.12

Herein, we present the case of a patient diagnosed 
with MRSE osteomyelitis. The susceptibility test 
showed an MIC of 2 mg/L for vancomycin; there-
fore daptomycin was prescribed (MIC ≤1 mg/L). 
After 5 days of treatment with daptomycin no 
response was observed; in order to prevent the 
emergence of resistance to daptomycin, ceftaro-
line was added (MIC ≤0.5 mg/L) resulting in an 
adequate response.

Consequently, we consider it relevant to describe 
this case in order to highlight that this alternative 
antimicrobial combination should be taken into 
account by physicians and pharmacists in the treat-
ment of MRSE osteomyelitis.

Case presentation
A 54-year-old woman was admitted to the Trauma-
tology Department with a diaphyseal fracture of 
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Table 1  Sensitivity of Staphylococcus aureus and Staphylococcus epidermidis isolated

Bacterial organism isolated
Methicillin-resistant
Staphylococcus aureus

Staphylococcus 
epidermidis

Material collected Surgical wound Prosthesis material Surgical wound

Date 14/8/2017 20/8/2017 10/10/2017 14/5/2018

Amoxicillin/clavulanate R R R R

Cefoxitin R NT NT NT

Ceftaroline  �   �   �  S

Ciprofloxacin NT NT NT R

Clindamycin S S S R

Cloxacillin R R NT NT

Daptomycin  �   �  S S

Gentamicin S S NT R

Erythromycin S NT NT R

Levofloxacin R R R R

Linezolid S S S S

Oxacillin NT NT R R

Penicillin NT R R NT

Rifampicin NT S S NT

Teicoplanin NT S NT S

Tetracycline S NT NT NT

Trimethoprim/sulfamethoxazole S S S R

Vancomycin S S S S

NT, not tested; R, resistance; S, sensitive.

the tibia and fibula after an accidental fall. She had a history 
of type 2 diabetes mellitus and spondyloarthritis. Her usual 
treatment included enalapril/hydrochlorothiazide 20/12.5 mg/
day, metformin 450 mg twice daily, amlodipine 10 mg/day, pred-
nisone 5 mg/day and omeprazole 20 mg/day. On admission, the 
limb was immobilised and a minimally invasive plate osteosyn-
thesis (MIPO) was performed. The patient received a single dose 
of cefazolin 2 g as preoperative antibiotic prophylaxis followed 
by three doses of cefazolin 1 g after the intervention. On the 
third day of hospitalisation an adequate progression of the 
surgical wound was observed and the patient was discharged 
with follow-up visits with her primary care physician.

Ten days after the discharge, although the patient remained 
asymptomatic, she was re-admitted to the emergency depart-
ment due to suppuration of the surgical wound. Laboratory 
work-up showed a C-reactive protein (CRP) value of 28.7 mg/L 
(reference range 0–5 mg/L), but the rest of the infection values 
were normal. Oral amoxicillin/clavulanic 875/125 mg three 
times a day was empirically prescribed until the result of the 
wound culture was obtained.

Investigations
MRSA was isolated from the surgical wound. Surgeons presented 
the case to the ASP team and treatment with oral linezolid 
600 mg/12 hours for 6 weeks was recommended according to 
the antibiogram (table  1). The patient presented an adequate 
response.

However, 1 week after antibiotic discontinuation the wound 
worsened, with suppuration present at the physical examination, 
and the patient reported pain. The physicians decided to remove 
the osteosynthesis and implant an external fixator. The pros-
thetic material was cultured and showed growth of MRSA with 
a sensitivity profile similar to that of the first culture (table 1). 
At that point, the strategy of the ASP team was to re-introduce 
linezolid 600 mg/12 hours combined with rifampicin 600 mg 
daily because it has excellent anti-staphylococcal activity and 

bioavailability. The patient reported gastrointestinal adverse 
effects due to the rifampicin and consequently the drug was 
discontinued. Linezolid was maintained for 8 weeks with an 
improvement of the surgical wound, and the pain disappeared.

Unfortunately, symptoms such as pain, clinical signs of inflam-
mation and a pre-tibial blister in the region of the surgical 
wound occurred after antibiotic discontinuation. Intravenous 
vancomycin 1 g/12 hours for 15 days was prescribed. There was 
an improvement in the patient’s condition and, subsequently, 
she was discharged with sulfamethoxazole/trimethoprim 
(800/160 mg three times a day) and rifampicin orally (300 mg/ 
12 hours) for 2 months. In order to avoid gastrointestinal adverse 
events, the clinical pharmacist recommended dividing the dosage 
of rifampicin into two administrations per day and to add a 
prophylactic anti-emetic treatment.

Treatment
A significant clinical improvement was observed; however, CRP 
values remained high (18 mg/L) and a sequestrum was visible 
on X-ray. Surgical debridement with an intramedullary appli-
cation of vancomycin cement was then performed. Cultures 
were collected during the surgical intervention and MRSE was 
isolated. A susceptibility test of S. epidermidis showed an MIC 
for vancomycin of 2 mg/L. Due to treatment failure, and the 
good penetration of daptomycin in the bone and joints, the ASP 
team considered initiating treatment with daptomycin 10 mg/
kg/day (MIC ≤1 mg/L) as an alternative therapy. The patient 
was prescribed daptomycin 900 mg/day. Although the anti-
biogram was sensitive to daptomycin, after 5 days of treatment 
no clinical improvement was observed, the tibia scar presented 
serohaematic exudate and the infra-patellar region presented 
a paler erythematous eruption. On suspicion of possible non-
susceptibility to daptomycin, the clinical pharmacist was asked 
to review the available evidence of alternative antibiotic agents 
to add to daptomycin in order to prevent the occurrence of 
resistance. A literature reviewed found that the combination of 
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daptomycin with a β-lactam such as ceftaroline demonstrated a 
synergistic effect because it seemed to increase the bactericidal 
activity against MRS.9 Ceftaroline was tested as sensitive (MIC 
≤0.5 mg/L) and the ASP team recommended the addition of this 
agent to the therapeutic regimen.

Outcome and follow-up
Intravenous ceftaroline 600 mg every 8 hours was combined with 
daptomycin 900 mg/day for 3 weeks. Once clinical improvement 
was observed the clinical pharmacist proposed de-escalation to a 
single agent and ceftaroline was maintained in monotherapy for 
1 week more.

The patient was closely monitored for renal function and 
creatinine phosphokinase (CPK) levels during the therapy, as well 
as haematological parameters. No adverse events were reported 
throughout the course of treatment. The patient finished the 
treatment in June 2018.

Currently, the patient continues to attend follow-up visits to 
the Traumatology Department; she remains asymptomatic and 
has not shown any signs of infection.

Discussion
Combinations of β-lactams and daptomycin against S. aureus 
have demonstrated synergistic effects which result in changes 
in the cell surface charge and lead to increased daptomycin 
binding.8 9 13 In addition, this combination appears to be benefi-
cial in decreasing the emergence or selection of resistant subpop-
ulations. Therefore, this association may be of particular value 
in the setting of difficult-to-treat infections where isolates with 
reduced susceptibility to glycopeptides or lipopeptides have 
emerged on therapy.13

Due to the fact that ceftaroline demonstrates activity against 
MRSA,11 the use in combination with daptomycin has been 
studied. Its use has been described in bacteraemia,14 15 infective 
endocarditis16 17 and MRSA prosthetic valve IE indications.18

The case series conducted by Sakoulas et al15 described 26 
cases series of staphylococcal bacteraemia who were treated with 
ceftaroline in combination with daptomycin, which includes 22 
MRSA cases, two methicillin- sensitive S. aureus cases (MSSA) 
and two to MRSE cases. Doses ranged from 6–10 mg/kg for 
daptomycin and from 200 mg every 12 hours to 600 mg every 
8 hours for ceftaroline. After a median of 2 days, blood cultures 
cleared with combination therapy in 25 patients (96%). Four-
teen percent of these bacteraemias had associated osteomyelitis 
and the MRSE cases were bacteraemia associated with right-
sided IE prosthetic valve.

The study by Geriak et al16 compared the use of dapto-
mycin plus ceftaroline versus standard therapy in monotherapy 
(vancomycin or daptomycin) in patients with bacteraemia due 
to MRSA. Their results showed that therapy with daptomycin 
and ceftaroline may be associated with a reduction in in-hospital 
mortality compared with monotherapy treatment.

It should be noted that the experience of this combination is 
primarily with S. aureus and not with CoNS. Therefore, ceftar-
oline may not be the only agent in this regard; other β-lactams 
may provide similar synergistic effects.10

In terms of treatment duration, the IDSA guidelines recom-
mend a minimum of 8 weeks of antibiotic therapy for MRSA 
osteomyelitis.4 However, there are no specific studies on combi-
nation therapy in osteomyelitis. According to Sakoulas et al,15 
the median duration of daptomycin plus ceftaroline combination 
therapy was 16 days although some patients received additional 
de-escalated, step-down antibiotics, replacing daptomycin plus 

ceftaroline, to complete a median total duration of 42 days of 
therapy. In the patients who presented with associated osteo-
myelitis, the median duration of combination therapy was 13 
days to complete on average 53 days of therapy. Geriak et al16 
reported a treatment duration of 11 days, and Baxi et al18 main-
tained 6 weeks of ceftaroline/daptomycin therapy. In our patient 
the combination therapy was maintained for 3 weeks, and ceftar-
oline monotherapy for 1 week more.

The MRSA guidelines recommend that patients with refrac-
tory bacteraemia or those who have failed vancomycin could 
receive a β-lactam in combination with high-dose daptomycin; 
however, the duration of combination therapy or the potential 
for de-escalation are not clearly addressed.4 According to Geriak 
et al,16 de-escalation is almost universally adopted with an 
average duration of treatment of 11 days. However, Sakoulas et 
al15 observed that de-escalation should be adopted once patients 
are deemed to be stable, which occurs on average at 16 days.

It is important to know whether de-escalation can be done 
without compromising efficacy. The study by Barber et al14 indi-
cated that combination therapy may not be necessary for the 
entire course of treatment. De-escalation therapy may be consid-
ered a reasonable alternative to long-term combination therapy 
in patients with an early clinical response. However, additional 
investigations are warranted to determine the optimal timing of 
de-escalation.

Thus, it seems that once an infection is adequately controlled, 
and there are no outstanding surgical management issues, it may 
not be necessary to complete an entire parenteral course of anti-
microbial therapy with daptomycin plus the β-lactam or ceftaro-
line, because this combination therapy can be very cumbersome 
and expensive outside an acute care hospital setting. More 
studies are needed to establish the duration of combination 
therapy or the potential for de-escalation.

The inclusion of pharmacists in different healthcare settings, 
such as in ASP teams, and their cooperation with physicians 
promotes the safe and cost-effective use of antibiotics.

Learning points

►► The combination of daptomycin and ceftaroline may be 
considered an alternative in the treatment of methicillin-
resistant Staphylococcus epidermidis (MRSE) osteomyelitis 
refractory to vancomycin therapy.

►► A synergistic effect between daptomycin and ceftaroline has 
been confirmed.

►► The duration of combination therapy and its de-escalation are 
not clearly established.

►► More studies are needed to establish the correct 
management of this antimicrobial combination in this setting.

►► Clinical pharmacists integrated into antimicrobial stewardship 
programmes can play a key role to support the safe and cost-
effective use of antimicrobial agents.
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