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Objectives:  Daptomycin  is highly  effective  against  Gram-positive  multidrug-resistant  bacteria.  Publica-
tions  on  daptomycin  in  osteomyelitis  treatment  are  limited.
Patients  and  methods:  In  this  multicenter  retrospective  cohort  study,  the  aim was  to  evaluate  the  out-
comes  of osteomyelitis  cases  having  received  daptomycin  or teicoplanin.  This  multicenter  retrospective
cohort  study  gathered  data  from  seven  centers  located  in  five  cities  of  Turkey.  Study  inclusion  criteria
were  as  follows:  (a) magnetic  resonance  imaging  and/or  direct  X-ray  revealed  osteomyelitis  or  biopsy
pathologic  examination  results  concomitant  with  osteomyelitis.  Chi-squareand  Student  t-tests  were  used
for  statistical  comparison.

Results: A  total  of  72  patients,  38 cases  in the  daptomycin  group  and  34  cases  in  the teicoplanin  group
diagnosed  with  osteomyelitis  fulfilling  the  study  inclusion  criteria,  were  included  in the  study.  Clinical
success  at the end  of induction  therapy  was  achieved  in 32/38  cases  in  the  daptomycin  cohort  vs. 30/34
cases  in  the  teicoplanin  cohort  (p:  0.73).
Conclusion:  Although  this  is a  limited  experience  in  a small  but  well-defined  cohort,  our  data  suggest
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1. Introduction

Notwithstanding developments in the quality of medical care,
surgery and antimicrobial therapy, osteomyelitis remains asso-
ciated with significant morbidity [1,2]. Staphylococci, as well as
methicillin-resistant staphylococci, are the main causative agents
in osteomyelitis [1–4]. Historically, vancomycin, teicoplanin or

linezolid may  be indicated in empirical and/or etiology-based treat-
ment of osteomyelitis [1–4]. Despite these extended spectrum
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e  alternative  to  glycopeptides  in  osteomyelitis  treatment.  A randomized
ing  larger  cohorts  may  increase  the  available  evidence.

ram-positive bacteria-oriented antibacterial agents, clinical as
ell as microbiological failure is not rare [5–10].

Daptomycin is a cyclic lipopeptide antibiotic with rapid,
oncentration-dependent bactericidal activity without cell lysis. It
s highly effective against Gram-positive multidrug-resistant bacte-
ia [11,12]. Publications on daptomycin in osteomyelitis treatment
re limited [10–17]. In this multicenter retrospective cohort study,
he aim was  to evaluate the outcomes of osteomyelitis cases hav-
ng received daptomycin or glycopeptide (although we asked all
he study centers to include cases having used teicoplanin or van-
omycin, many centers used only teicoplanin but not vancomycin
s a glycopeptide; for this reason, we will continue reporting on the

eicoplanin cohort in the rest of the manuscript).
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2. Materials and methods

This multicenter retrospective cohort study gathered data from
five cities (İzmir–Ankara–Adana–Antalya–Eskiş ehir) from three
geographic regions of Turkey. The planned study was announced
via the Infectious Diseases and Clinical Microbiology Specialty Soci-
ety of Turkey (EKMUD) mail communication group and all sites
having accepted the invitation were included in the study. The
study comprised adult osteomyelitis cases having received dapto-
mycin or teicoplanin including [(D) or (T)]. Clinical data including
fever (≥ 38 ◦C), treatment, laboratory findings and outcomes for all
cases fulfilling the study inclusion criteria were evaluated retro-
spectively by chart review and hospital databases.

2.1. Inclusion and exclusion criteria

Study inclusion criteria were as follows:

• magnetic resonance imaging and/or direct X-ray revealed
osteomyelitis or biopsy pathologic examination results associ-
ated with osteomyelitis;

• at least seven days of daptomycin or teicoplanin up until Novem-
ber 2016.

Study exclusion criteria were as follows:

• cases aged < 18;
• cases who received daptomycin or glycopeptides fewer than

seven days;
• cases with concomitant pneumonia;
• cases with prosthesis/prosthetic joint infection/fracture fixation

with any foreign body.

Patients with the following criteria were considered to have
chronic osteomyelitis; clinical or radiographic evidence of infec-
tion > 6 weeks, relapse or persistence of infection after appropriate
antibiotic therapy, and infections associated with foreign bodies
or vascular abnormalities [1]. Cases that had none of the chronic
osteomyelitis criteria were considered as non-chronic osteomyeli-
tis.

Bacteriological isolates were identified by standard techniques.
Antimicrobial susceptibility testing of the isolates was performed
with the VITEK 2 system (bio Merieux, La Balme-les-Grottes,
France) in all centers. Results were interpreted according to the
Clinical Laboratory Standards Institute criteria [18]. Vancomycin,
teicoplanin or daptomycin Etest (bio Merieux, La Balme-les-
Grottes, France) was used when the automated system result was
“non-susceptible”.

The primary efficacy outcome was clinical success (resolution
of clinical signs including fever and purulent discharge and other
symptoms) or negative culture reported at the end of induction
therapy (induction therapy refers to period of teicoplanin or dap-
tomycin including therapy), while the secondary efficacy outcome
was maintenance of success through one month following comple-
tion of induction without any relapse. Infection-related mortality
referred to death resulting from osteomyelitis. All-cause mortality
referred to death resulting from any reason during the treatment
and the 30-day follow-up period.

2.2. Statistical analysis

The objective of this study was to compare the clinical success

rates of the daptomycin and teicoplanin cohorts. All analyses were
performed by SPSS version 18.0 (Chicago, IL, USA). The significance
of difference between groups was evaluated by Chi-square test and
t-test as indicated. The significance level was accepted as P < 0.05.
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he datasets generated and/or analyzed during the current study
re available from the corresponding author on reasonable request.

.3. Ethical approval

This retrospective cohort study was approved by the Ege Uni-
ersity Institutional Review Board (decision No. 15-6/14).

. Results

A total of 72 patients, 38 cases in the daptomycin cohort and
4 cases in the teicoplanin cohort diagnosed according to the
bove-mentioned criteria, were included in the study. The clini-
al characteristics of the patients in the two treatment cohorts are
hown in Table 1. Age, gender, number of patients with chronic
enal failure, diabetes mellitus, previous diabetic foot infection,
revious amputation, peripheric artery disease, peripheral neu-
opathy, insulin use, venous failure and immunosuppression were
imilar in both treatment arms (Table 1).

.1. Clinical presentation and diagnosis

The main complaints at admission were back pain (n = 20) and
urulent wound discharge (n = 13) in the daptomycin group and
hile back pain (n = 15) and purulent wound discharge (n = 13) in

he teicoplanin group. Ten vs. eight cases had osteomyelitis sec-
ndary to spinal surgery: six vs. six had primary osteomyelitis, 17
s. 17 had vertebral osteomyelitis whereas four vs. eight had long
one osteomyelitis in the daptomycin and glycopeptide groups,
espectively (P > 0.05, Table 1).

Tissue biopsy cultures revealed the etiology in 20 vs. 23 cases
P = 0.23, Table 1) while other etiologic agents were isolated from
bscess material or operation material (Table 1). The most com-
on  etiologic agent was  Staphylococcus aureus.  The number of

ases diagnosed via X-ray, MRI  and CT or via pathology; duration
f osteomyelitis before daptomycin or teicoplanin; therapy; fever;
ean blood leukocyte count; erythrocyte sedimentation rate; and

RP levels of the cohorts, are shown in Table 1 and were similar in
he (D) and (T) groups.

.2. Previous antibiotic therapy

Twenty-nine cases had received 1–5 (median 2) different antibi-
tics with failure (16 had received glycopeptides) before receiving
aptomycin including regimens, while 9 had received daptomycin
s primary treatment in the daptomycin cohort.

Twenty-one cases had received 1–5 (median 2) different antibi-
tics with failure before receiving teicoplanin including regimens,
hile 13 had received teicoplanin including therapy as primary

reatment.

.3. Treatment

Daptomycin was administered with a 500 mg  q24h dose in 38
ases. In 20 cases, daptomycin was started in accordance with the
esults of the antibacterial susceptibility testing of tissue biopsy
ultures, whereas in the remaining cases it was started empirically
Table 1). In the teicoplanin group, teicoplanin was given as a dose
f 400 mg  in 10 cases, 800 mg  in 22 cases and 400 mg q72h in two
ases. In 23 cases, teicoplanin was  started in accordance with the
esults of the antibacterial susceptibility testing of tissue biopsy
ultures, while it was started empirically in the remaining ones.
In the daptomycin cohort, daptomycin was used as monother-
py in 13 cases, and as part of combination therapy in 25 cases. No
dditional therapy was used after daptomycin in 21 cases, whereas
7 cases received further therapy. Glycopeptides were used as
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Table  1
General characteristics of the daptomycin and glycopeptide groups.

Daptomycin
Total = 38
n (%)

Glycopeptides
Total = 34
n  (%)

P

Male 24 (63) 21 (62) 1
Female 14 (37) 13 (38) 1
Age  56.3 (± 14.7) 54.6 (± 15.4) 0.602
Duration of therapy, mean days 35.1 (± 22.7) 45.2 (± 27.4) 0.115
Diabetic foot infection 8 (21) 8 (24) 1
Long  bone 5 (13) 8 (24) 0.359
Vertebral osteomyelitis 17 (45) 17 (50) 0.81
Posttraumatic osteomyelitis 2 (5) 4 (12) 0.41
Chronic osteomyelitis 31 (82) 24 (71) 0.405
Non-chronic osteomyelitis 7 (18) 10 (29) 0.405
Postsurgical osteomyelitis 15 (39.4) 10 (29.4) 0.45
Duration of the current infection (mean days) 183.68 ± 578.87 128.03 ± 199.73 0.581
Underlying disease

Immunosuppression 4 1 0.36
Chronic renal failure 6 6 1
Diabetes mellitus 19 16 0.81
Peripheric neuropathy 5 2 0.43
Insulin therapy 15 15 0.81
Previous diabetic foot infection 5 4 1
Previous amputation 1 0 a

Peripheric artery disease 6 6 1
Venous failure 0 1 a

Fever 6 2 0.266
Leukocyte at the beginning of induction therapy (mean ± s.d./mm3) 10,418 ± 4797 10498 ± 3826 0.937
Leukocyte at the end of induction therapy (mean ± s.d./mm3) 8542 ± 2857 7833 ± 2146 0.252
CRP  at the beginning of induction therapy (mean ± s.d. mg/dL) 8.87 ± 12.6 6.63 ± 5.42 0.314
CRP  at the end of induction therapy (mean ± s.d. mg/dL) 2.78 ± 3.78 2.32 ± 2.28 0.753
ESR  at the beginning of induction therapy (mean ± s.d. mm/h) 69.0 ± 30.2 66.8 ± 28.6 0.143
ESR  at the end of induction therapy (mean ± s.d. mm/h) 41.9 ± 29.7 39.1 ± 25.5 0.710

Radiology
X-ray  performed 19 20 0.806
Osteomyelitis 17 17 0.81
CT  performed 11 10 1
Osteomyelitis 1 0 a

Abscess 4 0 a

Septic arthritis 0 0 a

MRI  performed 32 27 0.597
Osteomyelitis 22 21 0.81
Abscess 8 10 0.43
Septic  arthritis 2 0 0.49
Pathology result compatible with osteomyelitis 13 15 0.47
Etiology 25 23 1
MRSA  9 10 0.60
MSSA  5 5 1
Enterococcus spp. 5 2 0.43
MRCNS 5 3 0.71
MSCNS 0 3 0.10
Streptococcus agalactiae 1 0 1
Fusobacterium nucleatum 0 1b 0.47
Other  Gram-positive spp. 2 1 1
Debridement 12 10 1
Concomitant antibiotics with daptomycin or teicoplanin 25 26 0.437
3rdgeneration cephalosporin 5 4 0.859
Quinolones 7 11 0.172
Piperacillin/tazobactam 4 3 0.807
Carbapenems 6 6 0.833
Others 3 1 0.359

n.

3

3
cohort (P = 0.73), including a decrease in inflammatory parame-
ters and relief of the clinical findings at the conclusion of induction
CRP: C reactive protein; ESR: erythrocyte sedimentation rate; s.d.: standard deviatio
a P-value was  not calculated since n was too small.
b Coinfected with methicillin-resistant coagulase-negative staphylococci.

monotherapy in eight cases, and as a part of combination therapy
in the other 26 cases (p: 0.437). There was no significant differ-
ence between cohorts in terms of concomitant antibiotics used as
combination therapy (Table 1). No additional therapy was  used
after glycopeptides in 20 cases, whereas 13 cases received fur-
ther therapy. Twelve and 10 cases (Table 1) underwent additional

surgery/debridement for osteomyelitis during the daptomycin and
teicoplanin therapy periods, respectively (P = 1).
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.4. Clinical efficacy

Clinical success at the end of treatment was achieved in
2/38 cases in the (D) cohort vs. 30/34 cases in the teicoplanin
herapy. Mean CRP and ESR level after the end of induction ther-
py were 2.78 ± 3.78 mg/dL in daptomycin, 2.32 ± 2.28 mg/dL in
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Table 2
Clinical outcomes.

Daptomycin cohort Glycopeptide cohort P

Clinical success at the end of induction therapy 32/38 (84.2) 30/34 (88.2) 0.73
Monothrapy with daptomycin or tericoplanin 13/13 (100) 8/8 (100)
Daptomycin or teicoplanin + any concomittant antibiotic therapy during induction therapy 19/25 (76) 20/26 (76.9)
No  etiology 11/13 (84.6) 11/11 (100) 0.48
MRSA  8/9 (88.9) 9/10 (90) 1
MSSA  5/5 (100) 4/5 (80) 1
MRCNS 3/5 (60) 2/3 (66.7) a

MSCNS 0 2/3 (66.7) a

Any methicillin-resistant staphylococci 11/14 (78.6) 12/14 (84.6) 1
Any  methicillin-sensitive staphylococci 5/5 (100) 6/8 (100) 0.487
Enterococcus spp. 5/5 (100) 2/2 (100) a

Streptococcus agalactiae 0/1 (0) 0 a

Fusobacterium nucleatum 0 1/1b a

Other Gram-positive spp. ½ (50) 1/1 (100) a

Long bone 4/5 (80) 8/8 (100) 0.386
Vertebral osteomyelitis 14/17 (82.3) 14/17 (82.3) 1
All  other osteomyelitis excluding vertebral osteomyelitis 18/21 (85.7) 16/17 (94.1) 0.613
Primary osteomyelitis 5/6 (83.3) 6/6 (100) 1
Postsurgical osteomyelitis 15/15 (100) 9/10 (90) 0.40
Diabetic foot osteomyelitis 7/8 (87.5) 7/8 (87.5) 1
Chronic osteomyelitis 25/31 (80.6) 20/24 (83.3) 1
Non-chronic osteomyelitis 7/7 (100) 10/10 (100) 1
Debridement 12/12 (100) 10/10 (100) 1
No  debridement 20/26 (76.9) 20/24 (83.3) 0.727
All  cause mortality 1/38 (2.6) 1/34 (2.9) 1

MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-sensitive Staphylococcus aureus; MRCNS: methicillin-resistant coagulase-negative staphylococci.
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a P-value was  not calculated since n was too small.
b Coinfected with methicillin-resistant coagulase-negative staphylococci.

teicoplanin and 41.9 ± 29.7 mm/h  in daptomycin, 39.1 ± 25.5 mm/h
in teicoplanin cohorts. There was no significant difference in
terms of clinical success in any subgroup analysis including
monotherapy, daptomycin or teicoplanin + any combination ther-
apy, methicillin-sensitive or resistant staphylococci, vertebral
osteomyelitis, vertebral osteomyelitis, long bone osteomyelitis,
primary osteomyelitis, postsurgical osteomyelitis, diabetic foot
osteomyelitis, chronic osteomyelitis, non-chronic osteomyelitis,
and with or without debridement (Table 2).

One out of the 30 teicoplanin cases (a case with MSCNS
osteomyelitis) and none of the 32 (D) cases with a successful out-
come at the end of induction therapy developed relapse during one
month follow-up (P = 0.48). In the teicoplanin cohort, dosage did
not change the primary outcome (400 mg  q24h: 9/10, 400 mg  q12h
12/14, 400 mg  q72h: ½,  P = 1 for q12h vs. q24h). One case in each
arm died during therapy (P = 1) (Table 2).

3.5. Adverse events

The most common severe adverse event was  elevated crea-
tine phosphokinase (CPK) value; one in daptomycin arm and one
in teicoplanin arm. In both cases, the treatment was  switched to
another therapy due to increased CPK (P = 1). There was  no sig-
nificant change among the two cohorts in terms of any adverse
event.

4. Discussion

Despite extended developments in antimicrobial therapy,
osteomyelitis is rarely associated with significant morbidity and
mortality. The diagnosis of osteomyelitis depends on clinical and
laboratory findings, as well as MRI  and microbiology or pathology
[1–4,19]. In our cohorts, the diagnosis was supported by radiology

(MRI and/or X-ray) and microbiological evidence and/or patholog-
ical findings associated with osteomyelitis.

Vancomycin and teicoplanin have been the two  glycopep-
tides used as the principal antibacterial agents in treatment of
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ram-positive multidrug-resistant bacterial infections including
steomyelitis vs. MRSA and MRCNS since the 1960s and 1980s
3–10]. Clinical Practice Guidelines by the Infectious Diseases Soci-
ty of America (IDSA) for the Treatment of MRSA Infections in
dults and Children [3] suggest IV vancomycin (B-II) and dapto-
ycin 6 mg/kg/dose IV once daily (B-II) in cases of osteomyelitis.

ome experts advise the addition of rifampin 600 mg  daily or
00–450 mg  PO twice daily to vancomycin or daptomycin (B-III).
ore recent IDSA native vertebral osteomyelitis guidelines [4] sug-

est vancomycin or daptomycin. Probably because teicoplanin is
ot licensed in the United States, it is not mentioned in the guide-

ines.
Randomized controlled data on glycopeptides vs osteomyelitis

re scarce. In the only randomized controlled study compar-
ng vancomycin and teicoplanin, cure rates were 7/12 in the
eicoplanin group and 6/9 in the vancomycin group, respectively
5]. Weinberg reported a series of 60 cases treated with teicoplanin
ith a microbiological cure rate of 86% (37/43) [6]. Clinically,

5 patients infected with staphylococci (including methicillin-
usceptible and MRSA and coagulase-negative staphylococci) met
he predetermined criteria for complete and adequate therapy.
mong them, 39 (87%) responded favorably and became free of all
igns of infection. Similarly, Testore et al. [8] reported 92% (70/76)
nd LeFrock et al. [9] reported a 90% clinical success rate with
eicoplanin in osteomyelitis. The above-mentioned studies sug-
est that vancomycin and teicoplanin have similar success rates
n osteomyelitis, which also means similar failure rates. Our suc-
ess rate in (T) cohort (29/34, 85%) was also compatible with the
ublished data. Furthermore, teicoplanin dosage (400 mg q24 or
12h) did not affect the outcomes.

Daptomycin, tigecycline and linezolid are the major alternatives
vailable in Turkey for treatment of MDR  Gram-positive bacteria
20]. Although there exist clinical data on linezolid in osteomyeli-

is, it has the disadvantages of being bacteriostatic and having
ematologic or neuropathic toxicity in long-term use [3,4]. Tige-
ycline has the advantage of covering susceptible Acinetobacter
pp and Enterobacteriaceae infections but also the disadvantage
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of being bacteriostatic [2–4]. In clinical practice, daptomycin
is a major alternative antibacterial agent in treatment of MDR
Gram-positive bacterial infections, especially those involving gly-
copeptide MIC  > 1 mg/dL [7] and vancomycin-resistant enterococci.
In the only randomized controlled study comparing dapto-
mycin with standard-of-care therapy (vancomycin, teicoplanin,
or semisynthetic penicillin for prosthetic joint infection), there
was no significant difference. Overall clinical success rates were
58.3% (14/24) and 60.9% (14/23) in the daptomycin 6- and 8-mg/kg
groups, respectively, and 8 out of 21 (38.1%) in the compara-
tor group [10]. Lalani et al. evaluated the clinical characteristics,
treatment and outcomes of patients with osteoarticular infec-
tions associated with S. aureus bacteremia. In this phase 3 study
subgroup analysis, at six weeks following the end of therapy
a successful outcome was documented in 14 out of 21 (67%)
patients with osteoarticular infections in the daptomycin group
and 6 out of 11 patients (55%) treated with standard therapy
(P > 0.05) [14]. Moenster et al. compared 17 osteomyelitis cases
treated with daptomycin with a matched cohort of 34 cases having
received vancomycin, and reported less recurrence in the dapto-
mycin arm (5/17 vs. 21/34 P < 0.05) during six-month follow-up
[17]. In another nested case-control study, 20 patients with MRSA
osteoarticular infections treated with daptomycin were matched
to 40 patients treated with vancomycin. Clinical success rates were
similar between daptomycin and vancomycin at three months [15
(75%) vs. 27 (68%); P = 0.8] and six months [14 (70%) vs. 23 (58%);
P = 0.5] [15]. Lastly, in a very recent industry-sponsored multicen-
ter registry study, which comprised a total of 11,557 cases, the
clinical success rate was 77.7% in the osteomyelitis subgroup (994
cases) [16]. In a recent systematic review, Telles et al. analyzed
daptomycin as treatment for bone and joint infections and pros-
thetic joint infections. They reported considerable heterogeneity
in different studies regarding device-related infections, surgical
procedures, and daptomycin regimens (ranging from 4 mg/kg to
10 mg/kg). A total of 299 patients had been included in all stud-
ies (184 infections associated with orthopedic disposal, and 115
with osteomyelitis/septic arthritis). Two hundred and thirty-three
patients were treated with daptomycin. The clinical cure rates on
device-related and non-device-related infections (i.e. osteomyeli-
tis) were 70% and 78%, respectively. In our study, the success rate
of 84.2% was slightly higher; this may  be due to the facts that pros-
thetic infections were excluded and that follow-up time was  one
month after induction therapy.

Montage et al reported bone penetration of daptomycin as 9.0%
(interquartile range [IQR], 4.4 to 11% in 16 cases) [20]. Garazzino
et al. analyzed bone penetration of glycopeptides. The bone pene-
tration rates of vancomycin were numerically higher than those of
teicoplanin (mean 20.67% and 89.39% vs. 12.35% and 48.6%, respec-
tively), but the difference was not statistically significant (P = 0.071)
[21].

Daptomycin is associated in time kill assays against staphylo-
cocci with a faster in vitro killing rate than glycopeptides [10].
However, in vitro speed did not result in a better outcome in clinical
trials and our cohorts [10]. This is probably due to our study’s long
treatment period (mean 35.1 days in daptomycin and 45.2 days in
glycopeptide cohort), which gave glycopeptides time to kill in vivo
as much as daptomycin and/or better bone penetration of glycopep-
tides over longer periods. Since ours was a retrospective cohort
study, we are lacking in bone penetration data on the cohorts.

Our study has several limitations. Although multicenter, it was
a retrospective case-control study. If we kept follow-up time at one
month, it was because the results of longer follow-up would have

been affected by additional oral therapy. Even though the baseline
characteristics of the daptomycin and glycopeptide cohorts were
similar in all parameters we checked, this was not a randomized
controlled study. Hence, we cannot exclude a selection bias. Despite
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hese disadvantages, to our knowledge, this is the largest indepen-
ent study and dataset comparing daptomycin with glycopeptides

n adult osteomyelitis.

. Conclusions

Although this is a limited experience in a small but well-defined
ohort, our data suggest that daptomycin may  be at least a salvage
herapy option, a safe alternative to glycopeptides in the treatment
f adult osteomyelitis.
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