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Abstract. Recent data suggest that oral therapy can be effective for bone infections. We aim to assess the effi-
cacy of an early switch to oral therapy (< 2 weeks) compared to a non-early switch in bacterial native vertebral
osteomyelitis. We conducted a cohort study at Mayo Clinic, Rochester (MN), between 2019-2021 combined
with a systematic review, which queried multiple databases. Data were analyzed using a random-effects model.
The cohort study included 139 patients: two received an early switch. Of 3708 citations, 13 studies were in-
cluded in the final analysis. Meta-analysis demonstrated no difference in treatment failure (odds ratio=1.073,
95 % confidence interval 0.370-3.116), but many studies presented high risk of bias. Current evidence is insuf-
ficient to conclude the proportion of patients with failure or relapse is different in the two groups. High-quality
studies are warranted before early switch can be routinely recommended.

1 Introduction

Vertebral osteomyelitis (VO) represents a small percentage
of all osteomyelitis, accounting for 3 %—5 % of all cases (Issa
et al., 2018). The incidence of VO is increasing, likely due
to our enhanced ability to establish accurate diagnosis and
the increasing prevalence of risk factors, such as aging pop-
ulation, diabetes mellitus, spinal surgery, and dialysis. VO
can occur as a result of direct inoculation during surgery or
contiguous spread from adjacent sites, but it is often the re-
sult of hematogenous seeding of adjacent disc space from a
distant focus (Zimmerli, 2010). The blood supply of verte-
bral bodies is different from other bones, since it is based
on cerebrospinal venous system, which is a large-capacity,
valveless plexiform venous network in which flow is bidi-
rectional and which provides a potential direct route for the
spread of tumor, infections, or air emboli (Nathoo et al.,

2011). This has important clinical considerations. The cor-
nerstone of treatment is antimicrobial therapy. Unlike other
sites of osteomyelitis, surgery is not a prerequisite for cure
and is reserved for cases with spine instability, large epidural
abscess formation, intractable back pain, or failure of medi-
cal treatment (Berbari et al., 2015).

Bacterial native vertebral osteomyelitis (NVO) is often
the result of hematogenous seeding of bacteria to the end
plate of the vertebral body. This entity is distinguished from
hardware-associated, tubercular, brucellar, and fungal VO.
These etiologies commend different epidemiology and treat-
ment strategies (Hogan et al., 2019; Esmaeilnejad-Ganji and
Esmaeilnejad-Ganji, 2019; Henry et al., 2017).

Parenteral antibiotics administered for 6 weeks is con-
sidered the standard of care for the treatment of most pa-
tients with bacterial NVO according to the IDSA guidelines
(Berbari et al., 2015). However, we do recognize that oral
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therapy may be favored in selected patients and other re-
gions around the world (Oh et al., 2019). A longer duration
may be required for patients with certain specific risk factors,
such as undrained abscess, multilevel disease, infection with
methicillin-resistant Staphylococcus aureus (MRSA), and re-
nal failure (Park et al., 2016).

Due to its inherent benefits and convenience, there is an
increasing interest in using oral antimicrobial therapy as ini-
tial or as step-down treatment for various infectious dis-
eases (Spellberg et al.,, 2020; Wald-Dickler et al., 2022;
Mogle et al., 2019). Oral therapy can provide advantages,
such as shortened length of hospital stay, fewer intravascular
catheter-related adverse events, and lower costs. There is an
abundance of emerging data on the efficacy and safety of oral
antimicrobial therapy in bone and joint infections (Li et al.,
2019; Azamgarhi et al., 2021), but data are scant for bacterial
NVO.

We therefore performed a retrospective cohort study fol-
lowed by a systematic review and meta-analysis to study dif-
ferences in efficacy and safety between early switch and non-
early switch to oral antibiotics for the treatment of bacterial
NVO. This approach is based on published recommendations
on incorporating unpublished health system data with sys-
tematic reviews to expand the evidence base and improve the
strength of evidence, i.e. when data are sparse or limited (Lin
et al., 2020).

2 Methods

2.1 Mayo Clinic retrospective study

After obtaining approval of the Institutional Review Board,
we identified patients admitted with VO between 1 Jan-
uvary 2019 and 31 December 2021, using administrative
codes. We chose this timeframe to include more patients with
an early switch to oral antibiotics, since the Oral versus In-
travenous Antibiotics for Bone and Joint Infection (OVIVA)
trial was published in January 2019 (Li et al., 2019).

We manually reviewed the charts. The criteria used to
define bacterial NVO were (a) consistent imaging findings
AND (b) microbiological growth in blood or spine tis-
sue culture OR histological presence of inflammation OR
strong suspicion based on symptoms (new or worsening back
pain, fever, or neurological deficiencies), risk factors (recent
episode of Staphylococcus aureus bloodstream infection, in-
fective endocarditis, injection drug use, past surgical inter-
vention in the spine, or immunocompromised status), and
lab results (elevated erythrocyte sedimentation rate (ESR) or
C-reactive protein (CRP)) in absence of another alternative
diagnosis. A switch to oral antibiotics within 2 weeks from
the start of the treatment was considered an early switch. A
full course of oral therapy without a previous IV lead-in was
considered an early switch. A full course of IV therapy or a
switch after 2 weeks was considered a non-early switch.
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We excluded children (age < 18 years), tubercular, bru-
cellar, fungal infections, hardware-associated infections, and
VO related to decubitus ulcers.

Data were gathered on demographics (age, sex, BMI),
comorbidities, presence of a distant focus of infection, ra-
diological features, treatment (type and duration of antibi-
otics, surgical management, implantation of hardware), and
follow-up. We defined relapse as a new diagnosis of VO
caused by the same organism after clinical and microbiolog-
ical resolution of a previous episode within 6 months of the
end of treatment and failure as a lack of response to initial
therapy as reflected by an unplanned surgery or a start of a
new cycle of antibiotic therapy.

2.2 Systematic review
2.2.1 Data sources and search strategies

A comprehensive search of several databases was performed
on 3 February 2022. Date limits were set from 1985 for-
ward. Animal studies were excluded. Results were limited to
the English language. Databases searched were Ovid MED-
LINE(R) 1946 to Present and Epub Ahead of Print, In-
Process & Other Non-Indexed Citations and Daily, Ovid Em-
base 1974+, Ovid Cochrane Central Register of Controlled
Trials 1991+, Ovid Cochrane Database of Systematic Re-
views 2005+, Web of Science Core Collection via Clarivate
Analytics (1975+), and Scopus via Elsevier (1988+). The
search strategy was designed and conducted by a medical
reference librarian with input from the investigators. Con-
trolled vocabulary supplemented with keywords was used to
search for studies describing VO and the use of oral versus
parenteral antibiotics. The strategy listing all search terms
and how they are combined is available in the Supplement
(Fig. S2).

2.2.2 Study selection, data extraction, and quality
assessment

Eligible studies had to have sufficient details to fulfill the cri-
teria for bacterial NVO (as listed earlier) and enable the esti-
mation of the proportion of patients with relapse and failure.

Two reviewers (Matteo Passerini and Julian Maamari)
screened all titles and abstracts independently. Studies in-
cluded at this level by either reviewer were included for full-
text review.

The same pair of reviewers also screened full-text articles
independently. Disagreements were resolved through discus-
sion with a third reviewer (Elie F. Berbari). Study selection
was managed using the Covidence platform. The same two
reviewers extracted data independently including study de-
sign, year of study, demographics (age, gender), type and
duration of parenteral antibiotic, type and duration of oral an-
tibiotic, total duration of therapy, type of bacteria involved,
presence of complications, presence of bacteremia, and ef-
fect estimates for outcomes of interest. Early switch was con-
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sidered a switch to oral antibiotics within 2 weeks or a full
course of oral antibiotics. Non-early switch was considered a
switch after 14 d or a full course of IV therapy. Missing data
were handled by contacting study authors to request needed
information.

Risk of bias assessment was performed using the Cochrane
Risk of Bias tool 2 for randomized clinical trials (RCTs)
(Sterne et al., 2019), the Newcastle-Ottawa Scale for com-
parative observational studies (Stang, 2010), and a dedicated
tool for single-arm non-comparative studies (Murad et al.,
2018). Conflicts were resolved through discussion.

2.2.3 Evidence synthesis

For the retrospective cohort, dichotomous data were pre-
sented as numbers and percentages, while means and stan-
dard deviations or median and interquartile ranges were
used to describe continuous variables. For the systematic re-
view, data from our retrospective cohort were meta-analyzed
with data from the other studies identified in the litera-
ture. We used the restricted maximum-likelihood random-
effects model because heterogeneity of patients’ character-
istics and study settings was anticipated. Results of the com-
parative analysis (early switch vs. late switch) were ex-
pressed as an odds ratios (OR) and associated 95 % confi-
dence intervals (CI). Results of the non-comparative series
were expressed as the proportion of patients with relapse or
failure, pooled using Freedman—Tukey transformation (Lin
and Xu, 2020). Meta-analysis was conducted using Open-
Meta[Analyst] (Wallace et al., 2012).

We assessed the certainty of evidence (CoE) using the
GRADE approach. High initial certainty is assigned to the
evidence derived from randomized controlled trials. Evi-
dence from observational studies starts at low initial cer-
tainty. Then CoE is rated down based on risk of bias, in-
consistency (i.e., heterogeneity), indirectness, imprecision,
or publication bias. Consequently, CoE is judged as very low,
low, moderate, or high (Guyatt et al., 2011).

The protocol of the systematic review is registered in
PROSPERO (no. CRD42022308086).

3 Results

3.1 Mayo Clinic retrospective study

We identified 148 cases of confirmed bacterial NVO. In the
non-early-switch group, two patients were lost to follow-up,
and seven patients died within 4 weeks from the start of treat-
ment. After reviewing the chart of these patients, we did not
consider bacterial NVO as the cause of death. We assessed
the outcome of failure and relapse among the remaining 139
patients with a median follow-up of 11.16 months (interquar-
tile range (IQR) 3.8-21.6). The clinical characteristics are
summarized in Table 1. Two patients were managed with an
early switch to oral therapy. One was a 71-year-old man with
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methicillin-sensitive Staphylococcus aureus (MSSA) as the
culprit organism; he underwent a L2-L5 laminectomy with
history of postoperative wound dehiscence; 2 years after the
surgical procedure, he developed back pain and recurrence
of wound dehiscence, which was treated successfully with
debridement and a 6-week oral cefadroxil without a previ-
ous IV course. The second patient was a 75-year-old man
who slipped and fell and shortly after began to have some
back pain without fever or neurological symptoms. A CT
scan was obtained which showed some erosive changes at the
L1-L2 disc space. A CT-guided biopsy was obtained, which
demonstrated Pseudomonas aeruginosa. He was started on
oral ciprofloxacin for a total duration of 12 weeks with clini-
cal success. Neither of them had bacteremia, endocarditis, or
arelated abscess.

In the non-early-switch group (n = 137), we registered
five cases of relapse and eight cases of failure (Table 1).
Of the 13 patients, there were five cases of MSSA and two
of MRSA, methicillin-resistant Staphylococcus epidermidis
(MRSE), streptococcal infections, and culture-negative in-
fections, each. Of the 13 patients, 10 had a concomitant
bacteremia, 2 had endocarditis, and 8 presented with a re-
lated abscess, 2 of which were treated surgically. Of these
13 patients, 7 met the WHO definition of obesity (https:
/Iwww.who.int/health-topics/obesity#tab=tab_1, last access:
1 August 2022).

3.2 Systematic review and meta-analysis

The literature search results are presented in the PRISMA
flow diagram in Fig. 1. A total of 14 studies (1078 patients
with bacterial NVO) were included in this systematic re-
view, including the present cohort (Table 2). We found one
RCT (Li et al., 2015), six comparative observational studies
(Babouee Flury et al., 2014; Lestin-Bernstein et al., 2018;
Locke et al., 2014; Oh et al., 2019; Kim et al., 2019; Russo
et al., 2020), and six non-comparative observational studies
(Bettini et al., 2009; Garcia Del Pozo et al., 2018; Guo et
al., 2021; Livorsi et al., 2008; Azamgarhi et al., 2021; Sak-
eni and Al-Nimer, 2008), where the non-early-switch group
represented the single arm. To satisfy our predetermined cri-
teria, asking for additional information from some authors
was necessary. We received the data requested for five of the
studies included (Azamgarhi et al., 2021; Garcia Del Pozo et
al., 2018; Kim et al., 2019; Lestin-Bernstein et al., 2018; Li
etal., 2019).

3.2.1 Failure and relapse

In the RCT we found 0/18 cases of failure or relapse for the
early-switch group and 3/18 for the non-early switch (OR
0.120, CI 0.006-2.500). A meta-analysis of the seven obser-
vational comparative studies (including the Mayo retrospec-
tive study) did not have enough evidence to show a higher
efficacy of one group (OR 1.073, 95% CI 0.370-3.115).
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Table 1. Demographic and clinical characteristics of Mayo patients with bacterial NVO between 2019-2021.

Early switch (n = 2)

Non-early switch (n = 137)

Female, n (%) 0 50 (36.5)
Age, mean (SD) 73 (2.82) 64.63 (11.48)
BMI, mean (SD) 34.83 (16.19) 30.10 (6.77)
Comorbidities, n (%) 0 69 (50.4)
Diabetes 0 31 (22.6)
Immunosuppression 0 17 (12.4)
Dialysis 0 10 (7.3)
Injection drug users 0 2(1.5)
Active malignancy 0 9 (6.6)
Obesity 1 (50) 58 (42.3)
Related abscess, n (%) 0 63 (46)
Bacteremia, n (%) 0 79 (57.7)
Endocarditis, n (%) 0 16 (11.7)
Surgical-treated, n (%) 1 (50) 33 (24)
Hardware-implantation, n (%) 0 1511
Outcomes, n (%)
Relapse 0 5(3.6)
Failure 0 8(5.8)
Table 2. Studies included in systematic review and meta-analysis.
First author Year Design Male Age, years Related Bacteremia  Endocarditis No. of pts
(%) mean (SD) abscess (%) (%) (%) Early Non-early
Li 2019 RCT 58.3 55 (12.6) NR NR 0 18 18
Babouee Flury 2014  Comparative observational NR NR NR NR 0 21 40
Lestin-Bernstein 2018  Comparative observational 733 68.7 (11.5) 79 46.7 6.7 15 30
Locke 2014  Comparative observational NR NR NR NR NR 9 30
Oh 2019  Comparative observational NR NR NR NR 0 5 37
Kim 2019  Comparative observational 63.6 64 (13) 25 80 5,7 12 408
Russo 2020  Comparative observational NR NR 0 40 8.3 5 55
Bettini 2009  Non-comparative observational — 62.5 51.9 (10) 5.4 17.85 NR 0 56
Garcia del Pozo 2018  Non-comparative observational ~ 53.3 69.3 (12.28) NR NR NR 0 15
Guo 2021  Non-comparative observational 77 55(11) NR NR NR 0 76
Livorsi 2008  Non-comparative observational 86 52.9(6.5) NR 100 NR 0 35
Azamgarhi 2021  Non-comparative observational 75 70 (5.22) NR NR NR 0 4
Sakeni 2008 Non-comparative observational 62 38.2 (13.8) NR 12 NR 0 50

The heterogeneity between the studies was low (IZ = 0%,
p = 0.707). Combining data from the RCT and the compar-
ative observational studies further confirmed the inconclu-
siveness of the results given the wide confidence interval (OR
0.844, 95 % CI 0.309-2.307, 1> = 0%, p = 0.059; Fig. 2).

3.2.2 Failure or relapse in the non-early group

The proportion of patients with failure or relapse in the non-
early-switch group among all the studies was 8.2 % (95 % CI
4.1 %-12.2 %; Fig. 3). The heterogeneity between the studies
was high (12 = 85.9 %, p < 0.001).

J. Bone Joint Infect., 7, 249-257, 2022

3.2.3 Methodological quality of included studies

The methodological quality assessment of the studies in-
cluded is shown in the Supplement (Table S1). The qual-
ity of the only RCT included in our review was considered
high (Li et al., 2019). Regarding the quality of the observa-
tional comparative studies, four studies suffered from high
risk of bias in the comparability domain due to differences
in demographics, comorbidities, and clinical presentation be-
tween the patients in the two arms (Locke et al., 2014; Oh
et al., 2019; Alshamsi et al., 2016; Russo et al., 2020). For
the remaining three studies, including the Mayo Clinic co-
hort, there were not enough data to assess whether the two
included cohorts are comparable (Babouee Flury et al., 2014;
Lestin-Bernstein et al., 2018). The ascertainment of exposure
and outcomes was low-risk overall. Regarding the observa-
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Figure 1. PRISMA flow diagram of the studies included.

tional non-comparative studies, reported details were not suf-
ficient to draw inferences that can be used in decision mak-
ing; hence the quality of these studies was deemed low (Bet-
tini et al., 2009; Garcia Del Pozo et al., 2018; Guo et al.,
2021; Livorsi et al., 2008; Li et al., 2019; Sakeni and Al-
Nimer, 2008).

3.2.4 Certainty in the evidence

The certainty in the reported outcomes of failure or relapse
was assessed separately for the seven observational compar-
ative studies and the RCT. The CoE stemming from the RCT
was downrated by two levels (low CoE) due to severe im-
precision; the optimal information size criteria were not met,
and the CI overlaps both thresholds of considerable bene-
fit and harm. The CoE from observational studies was very
low due to the poor methodological quality of the studies in-
cluded and severe imprecision (Supplement Fig. S1).

4 Discussion

Our study results were inconclusive to show a significant dif-
ference in the proportion of patients with failure or relapse
between early and non-early switch to oral antibiotics for
the treatment of bacterial NVO. The overall proportion of
patients developing failure or relapse among the non-early
treatment group was 8.2 % (95 % Cl 4.1 %—12.2 %).
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Our results are consistent with previous literature regard-
ing treatment of osteomyelitis, but they provided a better fo-
cus on bacterial NVO. A Cochrane meta-analysis found no
difference between oral and parenteral therapy in the rate
of remission at the end of the therapy and at follow-up in
the treatment of chronic osteomyelitis in adults (Conterno
and Turchi, 2013). This meta-analysis compiled all anatomic
sites of osteomyelitis; moreover, it was published in 2013, so
it did not include some studies we included in our system-
atic review. A more recent meta-analysis comprising 1321
patients concluded that the overall treatment success was not
significantly different between oral step-down therapy and
IV-only antibiotic therapy for the treatment of bone infec-
tions (Wald-Dickler et al., 2022). However, in the studies in-
cluded in this meta-analysis, VO was either excluded (Mader,
1990; Gomis, 1999; Euba et al., 2009), or the number of pa-
tients with this specific bone infection was too low to draw a
significant conclusion (Li et al., 2019). In a French RCT pub-
lished in 2015, the authors randomized the patients in two
groups to assess whether 6 weeks of antibiotic treatment was
non-inferior to 12 weeks in patients with bacterial NVO. In
this study, 52 % of the patients received IV antibiotics for
less than 14 d, reflecting the more widespread use of an early
switch to oral therapy in some European institutions. More-
over, the proportion of patients with treatment failure at 1
year of follow-up was not significantly different between pa-
tients treated with IV therapy for less than 1 week (12/93,
13 %) and for more than 1 week (20/258, 7 %; p = 0.204)
(Bernard et al., 2015). Since we used a different cutoff of 2
weeks to define the early switch to oral therapy, we could not
include this study in our meta-analysis.

The belief that bone is a difficult site to penetrate with an-
tibiotics and that the parenteral route achieves more effective
concentration could explain the hesitation to use oral ther-
apy for bone infections. However, the assumption that par-
enteral therapy is more effective in treating bone infections
is not supported by strong evidence. Moreover, some stud-
ies demonstrated that many oral antibiotics have excellent
oral bioavailability and can reach concentrations above the
minimum inhibitory concentration (MIC) in the bone, simi-
lar to parenteral antimicrobial therapy (Spellberg and Lipsky,
2012; Kutscha-Lissberg et al., 2003; Fong et al., 1986).

On the other side, bone and joint infections comprise a
broad range of diseases, including different sites of infec-
tion, different complications, different treatments, and differ-
ent etiological microorganisms. Vertebral tissue has a unique
vascular system compared to other bones. For this reason,
guidelines specific to NVO were published (Berbari et al.,
2015). Thus, particular attention should be paid to the ap-
plication of results of studies regarding other types of os-
teomyelitis to NVO. This could explain the low number of
patients in the early-switch group in the Mayo Clinic cohort,
on data collected from 2019 to 2021, after the publication of
the OVIVA trial (Li et al., 2019).
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Figure 2. Meta-analysis of risk for failure and relapse between early switch and non-early switch to oral therapy for bacterial NVO (CI,
confidence interval; Obs, observational, RCT, randomized clinical trial, Ev, events).
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B.B.Flury 2014 0.012 (0.000, 0.046) o/40 —

F. Lestin-Bernstein 2018 0.133 (0.000, 0.305) 2/15

Thomas Locke 2013 0.037 (0.000, 0.108) 1/27 ——@R—

WS Oh 2019 0.108 (0.008, 0.208) 4/37 =
U.Kim 2019 0.127 (0.095, 0.160) 52/408 —
Russo 2020 0.291 (0.171, 0.411) 16/55
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Overall (1"2=85.9 % , P< 0.001) 0.082 (0.041, 0.122) 101/973 _
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Figure 3. Proportion of patients with failure and relapse among all the studies including a non-early switch (Ev, events; Trt, group of treated
patients with non-early switch).

Since this systematic review did not provide a conclusive To the best of our knowledge, our study provides the best
result, further studies are needed to assess the efficacy of available evidence regarding oral therapy for bacterial NVO.
an early switch to oral therapy for patients with bacterial However, it has several limitations. First, most of the arti-
NVO. A possible design for a future study could be a prag- cles included in this review were retrospective series, with a
matic trial (Iversen et al., 2019; Ford and Norrie, 2016) de- relatively low number of patients in the early-switch group.
signed to show the real-world effectiveness of the interven- Second, the comparability of the two groups of patients
tion in different presentations of bacterial NVO. Some pa- among most of the studies was at high risk of bias; there
tients with bacterial NVO can reasonably benefit from par- is the possibility that in many studies the patients receiving
enteral therapy at the beginning given the clinical instabil- an early switch were “less severe” than the patients with a
ity, concomitant bacteremia or endocarditis, and difficulty non-early switch. Third, some studies included only specific
absorbing oral medication. Thus, in this hypothetical trial, types of bacterial NVO. The OVIVA trial excluded patients
we propose to randomize the patients to switch to oral or with Staphylococcus aureus bacteremia on presentation or
prolonged parenteral therapy when recently published crite- within the last month and patients with endocarditis (Li et
ria are met: (a) clinical stability (hemodynamically and no al., 2015). These two groups represent a significant propor-
spinal instability), (b) adequate source control, (c) likelihood tion of patients with bacterial NVO, as was also demonstrated
to absorb oral medications, (d) an available oral regimen used by our retrospective study, where we found 31.65 % of pa-
in published studies to cover the pathogen, (e) no psychoso- tients with concomitant S. aureus bacteremia and 11.5 % of
cial reasons that preclude the safe use of oral therapy, and patients with endocarditis. Livorsi et al. (2008) only included
(f) any other concomitant infection which requires a pro- patients with concomitant S. aureus bacteremia, and Russo et
longed course of intravenous antibiotic therapy (Spellberg et al. (2020) only included patients with enterococcal or staphy-
al., 2022). lococcal bacterial NVO. Fourth, we were not able to perform
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any subgroup analysis given the paucity of data. Fifth, to as-
sess the appropriateness of a pharmacological intervention,
safety is an important outcome. We were not able to perform
a meta-analysis for adverse events since most of the studies
did not report this data. In the OVIVA trial, there were four
cases of line complications and one case of Clostridium dif-
ficile infection in the non-early-switch group. No such com-
plications were seen in the early-switch group. Sixth, given
the low number of studies included, we did not perform a
statistical analysis to assess the risk of publication bias.

In conclusion, considering the very wide confidence inter-
val and the high risk of bias in non-randomized data, there
is insufficient evidence to conclude that the proportion of pa-
tients with failure or relapse is different in the early-switch
group compared to the non-early-switch group to oral antibi-
otics for the treatment of bacterial NVO. Therefore, the meta-
analysis with the existing data is too limited to draw con-
clusions for clinical practice. Future studies specifically ad-
dressing bacterial NVO are needed to increase the evidence.
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