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 Patient: Male, 58
 Final Diagnosis: Vertebral osteomyelitis
 Symptoms: Back pain
 Medication: Dalbavancin
 Clinical Procedure: —
 Specialty: Infectious Disease

 Objective: Unusual clinical course
 Background: Native vertebral osteomyelitis (NVO) is a common form of hematogenous osteomyelitis, with Staphylococcus 

aureus (S. aureus) being the most commonly isolated organism. Dalbavancin is approved by the US Food and 
Drug Administration (FDA) for the treatment of acute bacterial skin and skin structure infections (ABSSSI) and 
has a sufficiently promising pharmacokinetic and pharmacodynamic profile to be considered for the treatment 
of vertebral osteomyelitis. We describe here what is probably the first reported case of using multiple weekly 
dalbavancin to treat a complicated methicillin-resistant Staphylococcus aureus (MRSA) bacteremia and verte-
bral osteomyelitis.

 Case Report: A 58-year-old man with a long history of recurrent MRSA bacteremia, who failed multiple courses of vanco-
mycin and daptomycin, presented with recurrent MRSA bacteremia complicated by diskitis and osteomyeli-
tis of the lumbar vertebrae. The patient was treated with dalbavancin 1000 mg intravenously weekly for two 
weeks followed by 500 mg weekly for six additional weeks. He improved clinically, his back pain resolved, and 
C-reactive protein (CRP) decreased to normal. Three months after the last dose of dalbavancin therapy, he un-
derwent angiography for peripheral artery diseases, after which he developed a fever, mild leukocytosis, an el-
evated CRP, and the repeat blood cultures were positive for MRSA. No apparent adverse events were observed 
during dalbavancin therapy.

 Conclusions: In this case, multiple weekly dalbavancin infusions appeared to be safe in the treatment of vertebral osteo-
myelitis caused by MRSA, but did not seem to prevent infection recurrence. However, reinfection with a new 
strain from the angiography catheter insertion is highly likely. Clinical studies are needed to further assess the 
safety and effectiveness of multiple weekly dalbavancin dosing in the management of vertebral osteomyelitis.
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Background

Native vertebral osteomyelitis (NVO) is a common form of he-
matogenous osteomyelitis, with a higher risk seen in adults 
aged 50 years or older [1]. The overall incidence of NVO has 
been reported at 2.4 per 100,000; however, the incidence in-
creases to 6.5 per 100,000 among persons older than 70 years 
of age [2]. Staphylococcus aureus (S. aureus) is the most fre-
quently isolated organism in vertebral osteomyelitis [3–5]. 
Additionally, relapse has been previously reported at 14% [5]. 
The most common primary sources of infection for hematoge-
nous NVO include the urinary tract, skin and soft tissue, intrave-
nous access, genitourinary tract instrumentation, endocarditis, 
and bursitis or septic arthritis [3,5]. Lumbar osteomyelitis ac-
counts for the majority of vertebral osteomyelitis cases (58%), 
followed by thoracic (30%) and cervical (11%) [6].

Clinical, laboratory, radiologic, and microbiologic findings should 
be considered in the diagnosis of vertebral osteomyelitis. Back 
pain, the most common symptom attributable to vertebral os-
teomyelitis, was reported in 86% of all cases [6]. Fever and leu-
kocytosis are common and have been reported in up to 45% 
and 60% of all cases, respectively [7]. Erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) are commonly used 
adjunctively with clinical, imaging, and microbiologic findings 
to diagnose vertebral osteomyelitis. Elevated ESR or CRP in pa-
tients with back pain has a sensitivity that can range from 94% 
to 100% for vertebral osteomyelitis [7]. ESR and CRP are also 
used to monitor clinical response to antimicrobial treatment. 
Blood cultures yielded growth in only 58% of cases; howev-
er, image-guided aspiration biopsy or an open biopsy yielded 
the organism more often, with a sensitivity of about 77% [4]. 
Magnetic resonance imaging (MRI) of the spine has a diagnos-
tic sensitivity of 97%, and specificity of 93%, and should be 
used when feasible in patients with suspected vertebral os-
teomyelitis; however, computed tomography (CT) scanning is 
also useful [7–9]. Image-guided aspiration biopsy is not neces-
sary to confirm the diagnosis of NVO in patients with positive 
blood culture for S. aureus who have clinical, laboratory, and 
radiologic findings consistent with this disease [7].

Parenteral antimicrobial therapy for a total duration of 6 weeks 
is the standard treatment approach for the management of 
NVO caused by methicillin-resistant Staphylococcus aureus 
(MRSA) [7]. Intravenous vancomycin is the primary treatment 
option, and daptomycin is an alternative agent [7]. Despite the 
paucity of clinical data, other options, such as linezolid and 
ceftaroline, may be considered as salvage therapy in selected 
patients. However, drug allergy, adverse reactions, antimicro-
bial resistance, infection relapse, and clinical or microbiolog-
ical failure may further limit the treatment options for verte-
bral MRSA infections.

Dalbavancin, a long-acting glycopeptide, is approved by the 
US Food and Drug Administration (FDA) for the treatment of 
acute bacterial skin and skin structure infections (ABSSSI) 
caused by susceptible strains of Gram-positive microorgan-
isms [10]. The dose of dalbavancin is 1000 mg given intrave-
nously over 30 min followed by 500 mg one week later, or as 
a single dose of 1500 mg [10]. The long half-life, infrequent 
dosing, activity against MRSA, favorable safety profile, and 
high bone concentration in animal and phase I clinical stud-
ies, make dalbavancin a promising agent in the treatment of 
vertebral osteomyelitis [11,12]. To the best of our knowledge, 
this article is the first to report on the use of multiple week-
ly dalbavancin to treat a complicated MRSA bacteremia and 
vertebral osteomyelitis.

Case Report

A 58-year-old man with a history of penicillin-induced anaphy-
laxis and a long history of recurrent MRSA bacteremia present-
ed with another recurrence. His past medical history was signif-
icant for congestive heart failure, insulin-dependent diabetes 
mellitus, diabetic neuropathy, chronic ulceration complicated 
by osteomyelitis of the right foot, hypertension, depression, pe-
ripheral artery disease, acute kidney injury, chronic kidney dis-
ease and pulmonary embolism. Past surgical history included 
trans-metatarsal amputation of the right foot followed by be-
low-knee amputation. He recently stopped smoking cigarettes 
after 40 years and denied alcohol use. The patient has a sig-
nificant family history of diabetes mellitus. Home medications 
included gabapentin, atorvastatin, sertraline, apixaban, losar-
tan, furosemide, carvedilol, aspirin, pantoprazole, and insulin.

Originally, the patient developed a persistent MRSA bactere-
mia from a chronic right foot ulcer complicated by osteomy-
elitis and gangrene. At that time, he underwent a below-knee 
amputation. A transesophageal echocardiogram showed no 
evidence of endocarditis. He was initially treated with vanco-
mycin 1.25 g intravenously every 12 h, and the trough serum 
vancomycin concentrations were maintained at 15–20 µg/ml; 
however, despite vancomycin therapy, his bacteremia per-
sisted. Vancomycin was then changed to daptomycin 700 mg 
intravenously daily. The minimum inhibitory concentrations 
(MICs) of vancomycin, daptomycin, and linezolid were 1, 0.5 
and 4 µg/ml, respectively. He completed a 6-week course of 
intravenous antibiotics and initially cleared his bacteremia.

Three weeks later, he was readmitted with wound dehiscence 
of the amputation site, recurrent MRSA bacteremia, and pyo-
genic arthritis of the left knee and left shoulder. He was treat-
ed with a 6-week course of intravenous vancomycin, which 
led to a complete resolution of his left knee, left shoulder, and 
right leg infections. For this isolate, the MICs of vancomycin, 
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daptomycin and linezolid were 2, 1 and 4 µg/ml, respective-
ly. He was again noted to have recurrent MRSA bacteremia 
and was again treated with a long course of vancomycin. His 
intravenous catheter was removed at the end of treatment.

In this current admission, he presented to the emergency de-
partment with severe back pain. Body Temperature was 98.6°F 
(37°C), heart rate was 88 beats min–1, respiratory rate was 18 
breaths min–1, and blood pressure was 143/83 mmHg. His 
weight was 70 kg and height was 5 feet 11 inches. On phys-
ical examination, he had no cardiorespiratory distress. Heart 
sounds 1 and 2 were regular, and he had a 2/6 systolic mur-
mur. He had vesicular breath sounds with basal crackles. He 
had suprapubic and left flank tenderness. He was alert and 
oriented to time, place, and person and had no focal deficit. 
Abnormal laboratory findings included white blood cells (WBCs) 
12.6×109 l–1, serum creatinine 1.3 mg/dl, and CRP 5.0 mg/dl. A 
lumbar CT scan showed L1 and L2 vertebral endplate destruc-
tion that appeared to be recent, suggesting diskitis and osteo-
myelitis. Two sets of aerobic blood cultures were drawn and 
grew MRSA with MICs of 2 µg/ml for both daptomycin and van-
comycin, as well as an MIC of 4 µg/ml for linezolid. The isolate 
was reported sensitive to trimethoprim/sulfamethoxazole, tet-
racycline, and rifampin. Vancomycin was initiated because in-
patient dalbavancin was initially unavailable.

A repeat transesophageal echocardiogram showed no evidence 
of endocardial vegetation. Following blood stream clearance, 
vancomycin was switched to dalbavancin 1000 mg intrave-
nously weekly for 2 weeks, followed by 500 mg weekly for 
6 additional weeks and rifampin 600 mg po daily. Complete 
blood count, comprehensive metabolic panel, and CRP were 
performed weekly. While on therapy, the patient reported feel-
ing better, and the back pain subsided. The weekly reading of 
CRP from the baseline of 5.0 mg/dl trended down to 2.2, 0.9, 
0.8, 0.5, and <0.3 mg/dl and WBCs were within normal limit. 
The range of blood urea nitrogen was 17–38 mg/dl, serum cre-
atinine was 1.26–2.51 mg/dl, and the transaminases remained 
normal during the treatment. Blood culture continued to be 
negative at the follow-up visit 14 days after the last dose of 
dalbavancin. He did not complain of nausea, vomiting, diarrhea, 
headache, rash, pruritus, or other complaints during therapy.

Three months after the last dose of dalbavancin therapy, the 
patient underwent angiography for peripheral artery diseas-
es, after which he developed a fever, mild leukocytosis, an el-
evated CRP, and the repeat blood cultures were again posi-
tive for MRSA possibly due to reinfection with a new strain 
of MRSA acquired during angiography. For this isolate, the 
MICs of vancomycin, daptomycin and linezolid were 1, 0.5 and 
2 µg/ml, respectively.

Discussion

Vancomycin and daptomycin are the most commonly used an-
tibiotics for the treatment of vertebral osteomyelitis caused 
by MRSA. However, drug allergy, adverse reactions, antimi-
crobial resistance, infection relapse, and clinical or microbi-
ological failure can limit their use. Recurrence after the end 
of treatment has been defined as a new positive blood cul-
ture within 3 months after the first positive result [13]. In this 
case, due to multiple relapses and the use of salvage thera-
py, we were following the patient for 3 months after the last 
dose of dalbavancin.

Dalbavancin, a novel lipoglycopeptide, is FDA-approved for the 
treatment of ABSSSI caused by susceptible strains of Gram-
positive microorganisms [10]. It requires infrequent dosing due 
to its prolonged terminal half-life of 14.4 days [12]. In addition, 
it has potent activity against MRSA, with MIC90 of 0.06 µg/ml, 
resulting in 8-fold and 16-fold more activity compared to dapto-
mycin (MIC90 of 0.5 µg/ml) and vancomycin (MIC90 of 1 µg/ml), 
respectively [14]. Furthermore, it has favorable safety profile, 
with no apparent drug accumulation after a 1000 mg loading 
dose followed by 500 mg for 7 additional weekly  doses [12]. 
Moreover, dalbavancin has high bone concentrations in ani-
mal and phase I clinical studies with a mean non-infected cor-
tical bone to plasma penetration ratio of 13%, which is higher 
than the mean ratio of 7% previously reported for vancomy-
cin [11,12,15]. These are promising factors to be considered in 
the treatment of osteomyelitis caused by S. aureus.

Two phase I studies were conducted in healthy volunteers to 
evaluate the safety, tolerability, and pharmacokinetics of dal-
bavancin in bone and articular tissue aiming to design a dosing 
regimen appropriate for long-term use [12]. The first trial was 
a bone penetration study. Thirty healthy adults were enrolled 
and divided into 6 cohorts with 5 subjects each, and received 
single doses of dalbavancin 1000 mg intravenously over 30 min 
at 0.5, 1, 3, 7, 10, or 14 days before their scheduled elective or-
thopedic surgeries. Bone (μg/g) to plasma (μg/ml) concentra-
tion ratios were 6.3/85.3 and 4.1/15.3 after 12 h and 14 days, 
respectively. The mean bone to plasma area under the curve 
(AUC) penetration ratio was 13.1%. No serious adverse event 
or adverse event necessitating drug discontinuation or subject 
withdrawal occurred in the study. In the second trial, 18 sub-
jects were enrolled and divided into 3 cohorts with 6 subjects 
each to assess the safety, tolerability, and pharmacokinetics of 
dalbavancin following 4 weekly doses (cohort I), 6 weekly dos-
es (cohort II), and 8 weekly doses (cohort III). All subjects re-
ceived 1000 mg of dalbavancin on day 1 followed by 500 mg 
weekly for the subsequent weekly doses. Blood samples were 
obtained 15 min before the next weekly scheduled dose. The 
range of the minimum serum concentrations (Cmin) on days 
8, 15, and 22 for cohort I was 33.0–31.9 μg/ml; the range on 
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days 8, 15, 22, 29, and 36 for cohort II was 38.1–43.2 μg/ml; 
and the range on days 8, 15, 22, 29, 36, 43, and 50 for cohort 
III was 36.5–40.6 μg/ml. For all 3 cohorts, Cmin were consistent 
with steady-state concentrations achieved by day 8, and no 
apparent drug accumulation was observed. Among all subjects 
in this study, two adverse events were possibly related to drug 
therapy, transient urticarial rash, and mild pain in the forearm.

Dalbavancin antimicrobial activity appears to correlate well with 
PK/PD parameters 24-h AUC/MIC and maximum serum con-
centration (Cmax)/MIC [16]. The two regimens, with 1500 mg 
given on day 1 and day 8, as well as 1000 mg followed by 
500 mg weekly for 4 weeks, are expected to achieve similar to-
tal AUC; however, experimental data suggest that the efficacy 
of drugs with long half-life is increased when higher doses are 
given earlier during the course of treatment [12]. In this case, 
due to recurrent MRSA bacteremia, drug resistance, and the 
presence of a significant penicillin allergy, dalbavancin ther-
apy was selected to attempt microbiologic and clinical cure, 
as well as to prevent relapse. Ceftaroline was not considered 
due to the allergy status. Linezolid, despite being a bacterio-
static agent, can achieve adequate bone concentration that 
exceeds the MICs of most Gram-positive cocci and has shown 
successful outcomes in orthopedic infections in case reports 
and case series [17]. However, bone marrow suppression, pe-
ripheral neuropathy, and optic neuritis are more common in 
prolonged duration of therapy, which may limit the role of li-
nezolid in the treatment of osteomyelitis.

In this case, at the end of dalbavancin therapy, the patient clin-
ically improved, his back pain subsided, WBCs remained with-
in normal limits, and CRP became normal. No adverse events 
were observed during dalbavancin therapy. Serum creatinine 
increased from 1.72 mg/dl a week before the last dose to 2.51 
mg/dl at the last visit, then decreased to 2.00 mg/dl in the fol-
low-up visit 14 days after the last dose of dalbavancin. Alanine 

aminotransferase (ALT) was within normal range throughout 
the course of therapy. However, 3 months after the last dose 
of dalbavancin therapy, the patient developed a recurrence.

Recurrence is classified as relapse (same original infect-
ing strain) or reinfection (different strain of same species). 
Reinfection usually occurs later after the completion of thera-
py. In one study, relapse of S. aureus bacteremia occurred af-
ter a median of 36 days following the completion of antibiotic 
therapy versus 99 days for reinfection [18]. Although molecu-
lar typing techniques, such as pulsed-field gel electrophoresis, 
are preferred to distinguish relapse from reinfection by com-
paring the genetic pattern unique to each strain, phenotyp-
ic tests may be used as a helpful tool by differentiating the 
sensitivity pattern of the isolates. Given the late recurrence, 
different MICs of the last isolate, and the angiography cathe-
ter insertion that preceded the infection in a chronically colo-
nized patient, it is highly likely that the recurrence in this case 
was not a relapse, but rather a reinfection with a new strain 
of MRSA from a new portal of entry.

Conclusions

In this case, multiple weekly dalbavancin infusions appeared 
to be safe in the treatment of vertebral osteomyelitis caused 
by MRSA, but did not seem to prevent infection recurrence. 
However, reinfection with a new strain from the angiography 
catheter insertion is highly likely. Clinical studies are need-
ed to further assess the safety and effectiveness of multi-
ple weekly dalbavancin dosing in the management of verte-
bral osteomyelitis.
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