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Abstract: Background: Existing guidelines, clinical trials, and meta-analyses have provided conflicting conclusions 
regarding the comparison of clinical or microbiological efficacy of linezolid versus vancomycin in the treatment 
of methicillin-resistant Staphylococcus aureus (MRSA)-related pneumonia. Objective: This updated meta-analysis 
aimed to pool data comparing the efficacy and safety of linezolid versus vancomycin for treatment of MRSA-related 
pneumonia. Methods: A systematic review with meta-analysis was performed by searching PubMed, EMBASE, and 
Cochrane Central Register of Controlled Trials (CENTRAL), through April 4, 2018. Eligible studies that compared line-
zolid to vancomycin for subjects with MRSA-related infections, including pneumonia, were identified. This study ana-
lyzed outcomes for evaluation, including clinical success, microbiological success, mortality, therapy duration, days 
on mechanical ventilation, length of ICU stay, length of hospital stay, drug-related adverse events (DRAEs), and drug 
discontinuation. Main endpoints for efficacy outcomes were end of treatment (EOT) and end of study (EOS). Risk ra-
tios (RRs) or mean differences (MDs), respectively, with 95% confidence intervals (CIs), were calculated for relevant 
comparisons of efficacy and safety. Heterogeneity of results for included studies was assessed using I2 statistics. 
Results: Fifteen studies, encompassing 7,003 subjects with MRSA-related pneumonia, met the inclusion criteria. 
This meta-analysis found the superiority of linezolid to vancomycin in terms of higher clinical success at EOT [RR 
1.18, 95% CI (1.10 - 1.27), p < 0.00001] and microbiological success at EOT [RR 1.39 (1.25 - 1.55), p < 0.00001] 
(both statistical power > 99.9%), along with lower occurrence of nephrotoxicity [RR 0.52 (0.36 - 0.73), p = 0.0002; 
power = 96.4%]. Results showed inferiority, however, regarding a higher occurrence of diarrhea [RR (1.24 - 3.74), p 
= 0.006; power = 88.9%]. The present meta-analysis also found comparable mortality [RR 0.93 (0.81 - 1.07); p = 
0.31], incidence of total DRAEs [RR 1.19 (0.95 - 1.49), p = 0.14], and drug discontinuation [RR 1.02 (0.83 - 1.27), 
p = 0.82] between the two therapies. Conclusion: The present meta-analysis supports the claim that linezolid is an 
advantageous alternative to vancomycin for treatment of MRSA-related pneumonia, due to superior clinical and mi-
crobiological success at EOT and lower incidence of nephrotoxicity. This meta-analysis, at least partially, addressed 
the current controversy and public health concern regarding the optimal treatment for MRSA-related pneumonia.
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Introduction

Guidelines issued by the American Thoracic 
Society (ATS)/Infectious Diseases Society of 
America (IDSA), in both 2005 [1] and 2011  
[2], recommend linezolid and vancomycin for 
treatment of nosocomial pneumonia (NP) due 
to methicillin-resistant Staphylococcus aureus 
(MRSA). To the best of our knowledge, there  

are a total of eight randomized controlled trials 
(RCTs) [3-10], five retrospective cohort studies 
[11-15], one retrospective observation [16], 
one case control study [17], and six meta-anal-
yses [18-23] focusing specifically on or involv-
ing pneumonia due to MRSA that have been 
published to date. They have, however, provid-
ed conflicting information and did not draw a 
solid or consistent conclusion regarding the 
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comparison of clinical or microbiological effica-
cy of linezolid versus vancomycin. It is notewor-
thy that four of these clinical studies [13-15, 
17], published after the year 2014, have not 
been included in meta-analyses yet even th- 
ough they were designed for pooling data on 

the comparisons of similar outcomes between 
suitable comparators among an appropriate 
population. In light of the current controversy 
and public health concern regarding the opti-
mal treatment for MRSA-related pneumonia, 
this study presents an updated systematic 

Figure 1. Flow diagram for selection of ar-
ticles included in the meta-analysis evalu-
ating linezolid vs. vancomycin in patients 
with MSRA-related pneumonia.
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review employing meta-analysis of the efficacy 
and safety of linezolid versus vancomycin, in- 
corporating these new studies.

Materials and methods

Study design

This study utilized a meta-analytic approach to 
evaluate the comparative efficacy and safety of 
linezolid versus vancomycin in treating MRSA-
related pneumonia from a pooled collection of 
therapeutic trials, following the PRISMA (Pre- 
ferred Reporting Items for Systematic reviews 
and Meta-Analyses) statement (http://www.
prisma-statement.org/) (Table S1) and refer-
ring to the Cochrane Handbook for Systematic 
Reviews of Interventions Version 5.1.0 (http://
handbook-5-1.cochrane.org/).

Search strategy

A systematic literature search of PubMed, Co- 
chrane Central Register of Controlled Trials 
(CENTRAL), and EMBASE (up through April 4, 
2018) was conducted, with an aim of identify-
ing relevant studies for meta-analysis. Search 
strategies are exhibited in Table S2. Supple- 
mentally, all reference lists from relevant arti-
cles and reviews were hand-searched for addi-
tional eligible studies. Only English studies 
were included.

Inclusion and exclusion criteria

Studies that met the following criteria were  
subjected to meta-analysis: (1) Study popula-
tion consisting of adults (17 years of age or 
older) with confirmed or suspected MRSA-re- 
lated infections, including pneumonia; (2) Inter- 
vention therapies embracing vancomycin ver-
sus linezolid; (3) Informing such outcomes as 
clinical success, microbiological success, mor-
tality, and (or) drug-related adverse events 
(DRAEs); and (4) Study designs were RCTs, pro-
spective cohort studies, retrospective cohort 
studies, retrospective observation, or case con-
trol studies.

Studies that met the following criteria were 
excluded from meta-analysis: (1) Without MR- 
SA as a pathogen; (2) Without pneumonia as  
an infection type; (3) Conducted in animals,  
cultured cells, or in a pediatric population; (4) 
Without linezolid as a therapy; (5) Without van-
comycin as the comparator; (6) No efficacy out-

comes available; (7) Published as reviews, edi-
torials, correspondences, case reports, or case 
series; (8) Focused on pharmacokinetic or ph- 
armacodynamic variables; (9) Economic analy-
sis or cost-effectiveness analysis; or (10) Dupli- 
cate publication containing overlapped data. 
The detailed process of inclusion and exclusion 
of studies is exhibited in a flow diagram (Figure 
1).

Evaluation of study quality

Quality of RCTs included in this meta-analysis 
was evaluated using the Jadad scoring system 
[24] (Table S3). The maximum score that could 
be attributed to an RCT was five. An RCT with a 
score of > 2 was considered to be of adequ- 
ately good quality [25, 26]. Quality assessment 
for cohort studies was conducted according to 
the adapted Newcastle-Ottawa Scale (http://
www.ohri.ca/programs/clinical_epidemiology/
oxford.asp) (Table S4). A cohort study with a 
Newcastle-Ottawa scale of ≥ 7 was recognized 
to be of high quality [27, 28]. Additionally, a ‘risk 
of bias’ tool was used to judge each risk of bias 
item for each included study, according to crite-
ria from each of the seven domains in the tool 
(sequence generation, allocation concealment, 
blinding of participants and personnel, blinding 
of outcome assessment, incomplete outcome 
data, selective outcome reporting, and ‘other 
issues’) (Figure S1).

Data extraction

Of included articles, the following variables 
were abstracted and collected in a standard-
ized form: authors, publication year, study de- 
sign, pneumonia category, sample size, age, 
gender, interventions, efficacy outcomes, such 
as clinical success (including cure, improve-
ment, effectiveness, or discharge from ICU or 
hospital), microbiological success (cure or era- 
dication), mortality, therapy duration, days on 
mechanical ventilation, length of ICU stay, and 
length of hospital stay, and safety outcomes, 
consisting of DRAEs, such as rash, gastrointes-
tinal events (nausea, vomiting, and diarrhea), 
liver dysfunction, nephrotoxicity, hematologic 
(anemia, leucopenia, thrombocytopenia), and 
drug discontinuation. Diagnostic criteria for 
pneumonia categories and definitions for out-
come events and efficacy endpoints are sum-
marized in Table 1. To maintain uniformity and 
reduce potential reporting bias, two reviewers 
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Table 1. Diagnostic criteria for pneumonia categories and definitions for outcome events and efficacy endpoints
Diseases or outcomes Diagnostic criteria or definitions
Categories of pneumonia

    MRSA-related pneumonia MRSA proven or suspected from a specimen of sputum, bronchoalveolar lavage or transthoracic aspiration, taken before initiation of treatment. 
Chest X-ray consistent with the diagnosis of pneumonia. CT scans could be used as supportive evidence. Signs and symptoms included two or more 
of the following: cough, purulent sputum, abnormal auscultatory findings, signs of respiratory failure, signs of dyspnea, worsening of tracheal  
aspirate fluid in mechanically ventilated patients [4]

With clinical signs and symptoms; the presence of new infiltrate on chest X-ray together with at least one major criterion (i.e., fever ≥ 38.0°C,  
hypothermia < 35.0°C, cough, or pleuritic pain) or two minor criteria (i.e., dyspnea, leukocytosis > 12,000 cells/mm3, altered level of  
consciousness, auscultatory signs of consolidation, or expectoration), and identification of MRSA isolated from cultures of respiratory tract, sputum, 
and blood samples [5, 14, 31]

With an ICD-9 code for both MRSA (038.12, 041.12, 482.42, or V09.0) and pneumonia (482.40-482.42, 482.49, 482.89, 482.9, 484.8, 485-486, 
510.0, 510.9, 513.0-513.1) [11, 15]

    NP Diagnose of pneumonia onset was made with clinical signs and symptoms acquired after 48 h in an inpatient health care or chronic-care facility [5, 
8, 10, 14]

    HCAP Pneumonia acquired in long-term or subacute/intermediate health care facility [3, 10]; or following a recent hospitalization (hospitalized for 48 h [3] 
and discharged within 90 days of current admission); or in a subject who received chronic dialysis care within the 30 days prior to study enrollment 
[3, 10]

    VAP According to institutional guideline, diagnostic fiberoptic bronchoscopy for patients with suspected VAP who were mechanically ventilated for 48 
hours were performed on the basis of abnormal radiographic results consistent with pneumonia (i.e., new or persistent focal infiltrate(s) or diffuse 
lung injury pattern), and one or more of the following criteria: fever (temperature of ≥ 38.5°C), purulent endotracheal secretions, or leukocytosis 
(white blood cell count of ≥ 10,000/μL) [12]

A pneumonia where the patient is on mechanical ventilation for > 2 calendar days on the date of event, with day of ventilator placement being day 1, 
and the ventilator was in place on the date of event or the day before [16, 32]

The presence of clinical signs and symptoms of pneumonia, along with a new or evolving radiographic infiltrate, in subjects who had undergone > 48 
hrs of mechanical ventilation [6]

Endpoints when outcomes were evaluated

    FU evaluation 5-16 days post-treatment [4]

15-21 days after EOT [8]

    TOC 12-28 days after EOT [5]

    EOS 7-30 days after EOT [3, 10]

Efficacy outcomes

    Clinical cure Resolution of the clinical signs and symptoms when compared with baseline [4, 9, 17, 18], or improvement or lack of progression of radiographic 
findings [5, 8, 19]; and no requirement for additional antibacterial treatment [7, 10, 18]

Improvement and resolution of signs and symptoms or microbiological eradication of MRSA [12]

    Cure rate The number of cures divided by the number of cures and failures [4]

    Clinical improvement Improvement in two or more, but not all, clinical signs and symptoms of infection when compared with baseline [4, 17], or with improvement or lack 
of progression of chest X-ray abnormalities and no requirement for additional antibacterial treatment [10]

CPIS ≤ 6 at day 3 of therapy [12, 33]

    Clinical success Improvement or resolution of the signs and symptoms compared with baseline [6, 16, 18-20, 22]

A composite outcome defined as discharge from the hospital or ICU by day 14 after treatment initiation in the absence of death, therapy change, or 
intubation by day 14 [11]

    Clinical success rate The number of cures and improvements divided by the number of cures, improvements and failures [4, 17] 

    Microbiological cure A repeat BBAL specimen containing ≤ 102 cfu/mL MRSA [9]
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    Microbiological eradication (or pathogen eradication) Documented microbiologic eradication (pathogen eradication) defined as absence of MRSA from infection site, or presumed microbiologic  
eradication (pathogen eradication) defined as clinical cure without available microbiologic culture data [5, 10, 34]

Documented eradication at TOC for the microbiologically evaluable population [23]

    MRSA eradication Documented eradication of MRSA within the microbiologically evaluable population [23]

    Microbiological success Documented eradication of baseline pathogens [19], or as presumed eradication based on the clinical outcomes when post-treatment cultures were 
not performed [18], or colonization [5, 7, 8]

Sputum pathogen eradication [22]

DRAEs

    Gastrointestinal events Including nausea, vomiting, diarrhea [20, 21], hepatitis, and pancreatitis [19, 23]

    Nephrotoxicity (or renal insufficiency) An increase in serum creatinine of 0.5 mg/dL if normal or 50% above baseline [10, 15] if abnormal at baseline for ≥ 2 consecutive days [12, 35] or 
measurements [16]

    Anemia Hemoglobin ≤ 10 g/dL or a 2 g/dL decrease if low at baseline [16]

    Neutropenia Neutrophils < 1,000/μL [12]

    Thrombocytopenia A platelet count < 150,000 cells/mm3 or a 50% decrease from baseline platelet count if low at baseline [15, 16]

Platelets < 100,000/μL [12]

    Study drug discontinuation Permanent discontinuation of either linezolid or vancomycin due to an adverse event [23]

Mortality

All-cause deaths [19]

All-cause mortality within 14 days after diagnosis [13]

All-cause 28-day mortality [22]

All-cause mortality occurring within 30 days of treatment initiation [3]

Overall mortality at 60 days after therapy [9]
Abbreviations: BBAL, bronchoscopic bronchoalveolar lavage; CPIS, clinical pulmonary infection score; DRAEs, drug-related adverse events; EOS, end of study; EOT, end of treatment; FU, follow-up; HCAP, health care associated pneumonia; hrs, 
hours; i.e., that is; ICD, International Classification of Diseases; MRSA, methicillin-resistant Staphylococcus aure vyhjn nnus; NP, nosocomial pneumonia; TOC, test of cure; VAP, ventilator-associated pneumonia.
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Table 2. Characteristics of included studies

Author (year) Study design Pneumonia 
category

Sample size 
(LZD; VAN)

Age (yrs:  
LZD; VAN)

Daily dose  
(LZD; VAN)

Treatment 
duration (days: 
LZD; VAN)

Prime outcomes Jadad 
score

Newcastle-
Ottawa 
scale

Bassetti (2011) [3] International, DB, RCT NP 78 (38; 40) NA 600 mg iv BID;
15 mg/kg iv BID

NA CS and MS at EOS; 28-day mortality; 
TRAEs

2 NE

Caffrey (2014) [11] Retrospective cohort NSP 5271 (328; 4943) 69.1 ± 12.5;
69.1 ± 12.7

NA NA CS; 30-day mortality NE 7

Chan (2011) [12] Retrospective cohort VAP 113 (27; 86) 56.7 ± 15.2 (31-88);
53.9 + 16.6 (17-88)

600 mg q 12 h iv or 
orally; 330-5000 mg

10.6 ± 3.0;
11.2 ± 5.0

CC, CI, and CF; Survival; ICU LOS NE 9

Jindal (2015) [17] Case control NP 51 (30; 21) (35-45); 
(40-48)

600 mg iv or orally q 
12 h; 1 g iv q 12 h

10.9 ± 5.0;
10.6 ± 5.1

CO, MO and AEs NE 6

Kinney (2015) [13] Retrospective cohort NSP 65 (25; 40) NA NA 13.7 ± 9.6;
14.3 ± 16.1

Therapy duration; Mortality; AEs NE 4

Kohno (2007) [4] Open-label, MC, RCT NSP 77 (51; 26) 68.4 ± 16.4 (22-95);
67.5 ± 16.3 (24-96)

600 mg iv or orally;
1 g iv q 12 h

10.9 ± 5.0;
10.6 ± 5.1

CC, CI, CF, MC, and MF at EOT; CC, CI, 
CF, MC, and MF at FU; AEs

2 NE

Peyrani (2014) [16] MC, retrospective 
observation

VAP 188 (101; 87) 59 (20);
56 (26)

NA 11.0 ± 4.0;
11.0 ± 5.0

CS at day 14 or hospital discharge;
All-cause mortality within 14 days; AEs

NE 8

Rubinstein (2001) [5] MN, DB, RCT NP 31 (23; 9) 62.8 ± 18.0;
61.3 ± 18.7

600 mg iv BID;
1 g iv BID

NA CC, MS, and AEs 3 NE

Shorr (2011) [6] DB, RCT VAP 286 (139; 147) NA NA NA CS at EOT and EOS; All-cause  
mortality; TRAEs

3 NE

Stevens (2002) [7] Open-label, RCT NSP 49 (23; 26) 63.9 ± 16.1;
59.8 ± 20.2

600 mg iv BID;
1 g iv BID

12.6 ± 7.1;
11.3 ± 6.7

CC, CF, MS, and MF at EOT; CC, CF, 
MS, and MF at TOC visit; AEs

1 NE

Takada (2017) [14] SC, retrospective cohort NSP 28 (11; 17) 77.0 ± 2.2;
76.8 ± 1.9

600 mg q 12 h; 
1-2 g

NA 30-day mortality NE 8

Tong (2016) [15] SC, retrospective cohort NSP 227 (150; 77) 56.5 (61, 18-92);
56.6 (60, 19-93)

1.2 g; 3 g 4.0 ± 43.0;
4.0 ± 26.7

All-cause mortality; Treatment  
duration; AEs

NE 7

Wunderink (2003) [8] DB, RCT NP 41 (19; 23) 63.1 ± 19.1 (18-93);
61.9 ± 19.3 (16-93)

600 mg iv q 12 h;
1 g iv q 12 h

9.5 ± 4.5;
9.4 ± 4.5

CC, CF, MS, MF, and AEs 4 NE

Wunderink (2008) [9] MC, prospective,  
open-label, RCT

VAP 50 (30; 20) 55.7 ± 20.5;
54.9 ± 19.2

600 mg iv q 12 h;
1 g iv q 12 h

10.9 ± 14.8;
10.8 ± 10.4

MC at 72 to 96 h; CC, CF and  
mortality at EOT and FU visits; AEs

5 NE

Wunderink (2012) [10] Phase IV, international, 
MC, DB, RCT

NP 448 (224; 224) 60.7 ± 18.0;
61.6 ± 17.7

600 mg iv q 12 h;
15 mg/kg iv q 12 h

10.0 ± 14.8;
10.0 ± 14.8

CC, CI or CF at EOS; MO at EOT and 
EOS; Overall survival; AEs

5 NE

Abbreviations: AEs, adverse events; BID, twice daily; CC, clinical cure; CF, clinical failure; CI, clinical improvement; CO, clinical outcome; CS, clinical success; DB, double-blind; dys, days; EOS, end of study; EOT, end of treatment; FU, follow-up; 
iv, intravenously; LOS, length of stay; LZD, linezolid; MC, multicenter; MF, microbiological failure; MN, multinational; MO, microbiological outcome; MS, microbiological success; NA, not available; NE, not evaluable; NP, nonsocomial pneumonia; 
NSP, non-specified pneumonia; q 12 h, once per 12 hours; RCT, randomized controlled trial; TOC, test of cure; TRAEs, treatment-related adverse events; VAN, vancomycin; VAP, ventilator-related pneumonia; yrs, years.
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(WZ and HC) independently rejected or accept-
ed each article based on the criteria, evaluated 
the quality of each study, and extracted data 
from studies included in the meta-analysis. All 
cases of discrepancies were discussed betw- 
een the two reviewers before a final consensus 
was reached.

Statistical analysis

Categorical variables are expressed as frequ- 
encies (percentages) and continuous variab- 
les are expressed as mean ± standard devia-
tion (SD). Risk ratios (RRs) or mean differences 
(MDs), respectively, with 95% confidence inter-
vals (CIs), were calculated for relevant compari-
sons of dichotomous or continuous variables, 
as appropriate, to assess efficacy and safety 
endpoints. Heterogeneity of results for includ-
ed studies was assessed using Chi-squared 
test and I2 statistics. According to the Coch- 
rane Handbook, a rough guide for interpreta-

tion of I2 for heterogeneity, heterogeneity was: 
0% to 40%: might not be important; 30% to 
60%: may represent moderate heterogeneity; 
50% to 90%: may represent substantial hetero-
geneity; 75% to 100%: considerable heteroge-
neity. A random-effects model was chosen if  
p < 0.1 or I2 > 30%. Otherwise, a fixed-effects 
model was used [19]. Subgroup analyses by 
pneumonia categories [nosocomial pneumonia 
(NP), ventilator-associated pneumonia (VAP), or 
non-specified pneumonia (NSP)], study designs 
(RCTs, retrospective cohort studies, or case 
control studies), and study quality (high or low 
quality) were also planned. Sensitivity analysis 
was carried out by omitting one study in turn to 
investigate the influence of a single study on 
the overall meta-analysis estimate [29]. Calcu- 
lation of RR and MD with 95% CI, tests for het-
erogeneity, sensitivity analysis, and generation 
of forest plots for relevant comparisons were 
implemented using Review Manager Version 
5.3 for Windows (Cochrane Collaboration, Ox- 

Figure 2. Forest plot for clinical success at EOT with total and subgroup analysis by pneumonia categories. Ab-
breviations: VAP, ventilator-associated pneumonia; NP, nosocomial pneumonia; NSP, non-specified pneumonia; CI, 
confidential interval; df, degree of freedom.
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ford, UK). Publication bias was estimated by 
Begg’s test and Egger’s test, with p < 0.05  
indicating potential bias [22, 30], using Stata 
12.0 software (Stata Corp, College Station, TX, 
USA). Statistical power calculations were exe-
cuted on the basis of the comparison of two 
independent proportions or means with SDs, 
using Power and Precision 4 software (Biostat, 
Inc, Englewood, NJ, USA).

Results

Study characteristics

Fifteen studies evaluating efficacy and safety 
variables of linezolid compared to vancomycin 
in MRSA-related pneumonia were ultimately 
included. Principal characteristics of the 15 in- 
cluded studies are displayed in Table 2. Expli- 
citly, the 15 clinical studies were published be- 
tween 2002 and 2017, encompassing 7,003 
participants. Ten [5, 6, 8-12, 14-16] were con-
sidered to be of high quality, while the other  
five [3, 4, 7, 13, 17] were of low quality, accord-

ing to quality assessment. Nine [4-11, 16] of 
the included studies were funded by industry. 
Reviews of author judgements about each risk 
of bias item for each included study are illus-
trated in Figure S1.

Efficacy outcomes

The number of studies reporting efficacy out-
comes was nine for clinical success at EOT, six 
for clinical success at EOS, seven for microbio-
logical success at EOT, eight for microbiological 
success at EOS, 13 for mortality, ten for thera-
py duration, four for days on mechanical venti-
lation, four for length of ICU stays, and five for 
length of hospital stays, respectively.

According to overall meta-analysis, linezolid 
was superior to vancomycin regarding clinical 
success at EOT [RR with 95% CI, 1.18 (1.10 - 
1.20); p < 0.00001; Figure 2], clinical success 
at EOS [RR 1.17 (1.02 - 1.34), p = 0.03; Figure 
3], microbiological success at EOT (RR 1.39 
(1.25 - 1.55), p < 0.00001; Figure 4], and mi- 

Figure 3. Forest plot for clinical success at EOS with total and subgroup analysis by pneumonia categories. Ab-
breviations: VAP, ventilator-associated pneumonia; NP, nosocomial pneumonia; NSP, non-specified pneumonia; CI, 
confidential interval; df, degree of freedom.
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crobiological success at EOS [RR 1.21 (1.05 - 
1.40), p = 0.01; Figure 5]. No significant differ-
ences were detected in terms of mortality [RR 
0.93 (0.81 - 1.07); p = 0.31; Figure 6], therapy 
duration [(10.0 ± 16.7) vs. (10.0 ± 16.7) days; 
MD with 95% CI, 0.21 (-0.26 - 0.69); p = 0.38], 
days on mechanical ventilation [(11.6 ± 51.9) 
vs. (12.1 ± 30.5) days; MD -1.91 (-4.24 - 0.42); 
p = 0.11], length of ICU stays [(10.5 ± 21.7)  
vs. (17.0 ± 20.1) days; MD -1.97 (-5.10 - 1.16); 
p = 0.22], and length of hospital stays [(17.4 ± 
47.0) vs. (19.8 ± 36.1) days; MD 0.10 (-1.94 - 
2.15); p = 0.92].

Subgroup analysis showed consistent results 
with that of overall analysis with respect to the 
following outcome evaluations: (1) Superiority 
of linezolid to vancomycin in microbiological 
success at EOT [VAP: RR 1.28 (1.09 - 1.50), p = 
0.002; NP: RR 1.48 (1.24 - 1.78), p < 0.0001; 
NSP: RR 1.46 (1.19, 1.81), p = 0.0004); Figure 
4] and (2) Similarity in mortality [VAP: RR 0.97 
(0.72 - 1.32), p = 0.86; NP: 0.95 (0.72 - 1.23), p 

= 0.68; NSP: RR 0.91 (0.76 - 1.10), p = 0.33; 
Figure 6], therapy duration [VAP: MD -0.24 
(-1.23 - 0.75), p = 0.63; NP: MD 0.13 (-0.50 - 
0.76), p = 0.69; NSP: MD 0.98 (-0.08 - 2.04), p 
= 0.07], days on mechanical ventilation [VAP: 
MD -2.01 (-4.36 - 0.34), p = 0.09; NSP: MD 
3.00 (-13.63 - 19.63), p = 0.72], length of ICU 
stays [VAP: MD -2.37 (-6.50 - 1.77), p = 0.26; 
NSP: MD 0.00 (-5.23 - 5.23), p = 1.00], and 
length of hospital stays [VAP: MD 0.78 (-2.04 - 
3.60), p = 0.59; NSP: -0.65 (-3.62 - 2.33), p = 
0.67]. However, it obtained partially inconsis-
tent findings, compared to overall analysis, in 
terms of the following outcome evaluations: (1) 
Superiority of linezolid to vancomycin in clinical 
success at EOT within VAP and NP subgroups 
[VAP: RR 1.18 (1.07 - 1.30), p = 0.0009; NP: RR 
1.19 (1.07 - 1.33), p = 0.002], but not within 
the NSP subgroup [RR 1.17 (0.99 - 1.39), p = 
0.07] (Figure 2); (2) Superiority of linezolid to 
vancomycin in clinical success at EOS within 
only the NP subgroup (RR 1.25 (1.03 - 1.50), p 
= 0.02), but not within VAP [RR 1.12 (0.89 - 

Figure 4. Forest plot for microbiological success at EOT with total and subgroup analysis by pneumonia categories. 
Abbreviations: VAP, ventilator-associated pneumonia; NP, nosocomial pneumonia; NSP, non-specified pneumonia; 
CI, confidential interval; df, degree of freedom.
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1.41), p = 0.33] or NSP subgroups [RR 0.99 
(0.63 - 1.55), p = 0.96] (Figure 3); and (3) 
Superiority of linezolid to vancomycin in micro-
biological success at EOS within the NP sub-
group [RR 1.32 (1.06 - 1.65), p = 0.01], but not 
within VAP [RR 1.17 (0.94 - 1.45), p = 0.15] or 
NSP subgroups [RR 1.00 (0.66 - 1.52), p = 
0.99)] (Figure 5). Subgroup analysis acquired 
consistent results with overall analysis with 
respect to the following outcome evaluations: 
(1) Superiority of linezolid in microbiological 
success at EOT within RCTs (RR 1.39 [1.24 - 
1.56], p < 0.00001) and within retrospective 
cohort studies (RR 1.40 [1.10 - 1.79], p = 
0.006) (Figure 4); and (2) Similarity in therapy 
duration [RCTs: MD 0.37 (-0.21 - 0.94), p = 
0.22; retrospective cohort studies: MD -0.26 
(-1.24 - 0.73), p = 0.61; one case control study: 
MD 0.30 (-1.24 - 1.84), p = 0.70], days on 
mechanical ventilation [RCTs: MD -3.90 (-9.09 
- 1.29), p = 0.14; retrospective cohort studies: 
MD -1.41 (-4.02, 1.20), p = 0.29], length of ICU 

stays [RCT: MD -4.00 (-8.63 - 0.63), p = 0.09; 
retrospective cohort studies: MD -0.61 (-5.38 - 
4.16), p = 0.80], and length of hospital stays 
[RCTs: MD -1.30 (-5.93 - 3.33), p = 0.58; retro-
spective cohort studies: MD 0.44 (-1.84 - 2.73), 
p = 0.70]. However, it obtained partially incon-
sistent findings, compared to overall analysis, 
in terms of superiority of linezolid in clinical suc-
cess at EOT within RCTs [RR 1.16 (1.06 - 1.27), 
p = 0.001)] and retrospective cohort studies 
[RR 1.21 (1.07 - 1.36), p = 0.002)], but not with-
in one case control study (RR 1.16 [0.80 - 1.69], 
p = 0.43) (Figure 2). Subgroup analysis acquired 
consistent results with that of overall analysis 
with respect to the following outcome evalua-
tions: (1) Superiority of linezolid in microbiologi-
cal success at EOT [high-quality studies: RR 
1.38 (1.23 - 1.54), p < 0.00001; low-quality 
ones: RR 1.51 (1.08 - 2.13), p = 0.02; Figure 4]; 
and (2) Similarity in mortality [high-quality stud-
ies: RR 0.91 (0.78 - 1.05), p = 0.20; low-quality 
ones: RR 1.06 (0.77 - 1.47), p = 0.72; Figure 6], 

Figure 5. Forest plot for microbiological success at EOS with total and subgroup analysis by pneumonia categories. 
Abbreviations: VAP, ventilator-associated pneumonia; NP, nosocomial pneumonia; NSP, non-specified pneumonia; 
CI, confidential interval; df, degree of freedom.
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therapy duration [high-quality studies: MD 0.21 
(-0.26 - 0.69), p = 0.96; low-quality ones: MD 
0.77 (-0.11 - 1.64), p = 0.09)], and length of 
hospital stays [high-quality studies: MD 0.14 
(-1.94 - 2.22), p = 0.89; low-quality ones, MD 
-1.10 (-12.87 - 10.67), p = 0.85]. However, it 
obtained partially or completely inconsistent 
findings, compared to overall analysis, in terms 
of the following outcome evaluations: (1) Su- 
periority of linezolid in clinical success at EOT 
within high-quality studies [RR 1.18 (1.10 - 
1.27), p < 0.00001], but not within low-quality 
ones [RR 1.12 (0.84 - 1.50), p = 0.43] (Figure 
2); (2) Superiority of linezolid in clinical succe- 
ss at EOS within high-quality RCTs [RR 1.18 
(1.01 - 1.38), p = 0.03], but not within low- 
quality RCTs [RR 1.13 (0.82 - 1.54), p = 0.46] 
(Figure 3); and (3) Similarity in microbiological 
success at EOS [high-quality RCTs: RR 1.21 

(1.05 - 1.40), p = 0.05; low-quality RCTs: RR 
1.33 (0.98 - 1.80), p = 0.07; Figure 5].

Sensitivity analysis produced a variation of het-
erogeneity in the following outcomes: (1) Days 
on mechanical ventilation due to the finding 
that mild heterogeneity determined by I2 sta- 
tistic in baseline analysis (I2 = 16%, p = 0.31) 
was converted to no heterogeneity after remov-
ing the study by Chan (2011) [12] (I2 = 0%, p = 
0.67); and (2) Length of ICU stays in view of  
the finding that moderate heterogeneity in ini-
tial analysis (I2 = 38%, p = 0.19) was converted 
to no heterogeneity after removing the study  
by Chan (2011) [12] (I2 = 0%, p = 0.50). In con-
trast, it yielded no alteration of heterogeneity  
in clinical success at EOT, clinical success at 
EOS, microbiological success at EOT, microbio-
logical success at EOS, mortality, therapy dura-

Figure 6. Forest plot for mortality with total and subgroup analysis by pneumonia categories. Abbreviations: VAP, 
ventilator-associated pneumonia; NP, nosocomial pneumonia; NSP, non-specified pneumonia; CI, confidential inter-
val; df, degree of freedom.
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tion, and length of hospital stays, given the 
observation that the I2 statistic showed no het-
erogeneity between studies in baseline analy-
sis after excluding each study in turn.

Safety outcomes

The number of studies providing data for safety 
outcomes was eight for overall DRAEs, six for 
study drug discontinuation, five for rashes, four 
for nausea, two for vomiting, six for diarrhea, 
two for liver dysfunction, nine for nephrotoxici-
ty, six for anemia, five for leucopenia, nine for 
thrombocytopenia, and one for hyponatremia.

There was significantly higher incidence of diar-
rhea [RR 2.15 (1.24 - 3.74), p = 0.006] and 
lower occurrence of nephrotoxicity [RR 0.52 
(0.36 - 0.73), p = 0.0002] in the linezolid gro- 
up than the vancomycin group. However, this 
meta-analysis did not demonstrate statistically 
different incidences of total DRAEs [RR 1.19 
(0.95 - 1.49), p = 0.14; Figure 7], drug discon-
tinuation [RR 1.02 (0.83 - 1.27), p = 0.82], 

rashes [RR 0.52 [0.21 - 1.28], p = 0.15], nau-
sea [RR 1.57 (0.32 - 7.71), p = 0.58], vomiting 
[RR 2.48 (0.44 - 13.97), p = 0.30], diarrhea [RR 
2.15 (1.24 - 3.74), p = 0.006], liver dysfunction 
[RR 0.72 (0.26 - 1.96), p = 0.52], nephrotoxicity 
[RR 0.52 (0.36 - 0.73), p = 0.0002], anemia, 
[RR 0.96 (0.77 - 1.20), p = 0.74], leucopenia 
[RR 2.32 (0.76 - 7.12), p = 0.14], thrombocyto-
penia [RR 1.11 (0.78 - 1.57), p = 0.56], or hypo-
natremia [RR 7.72 (0.45 - 132.59), p = 0.16] 
between the two therapy groups.

Subgroup analysis by the categories of MRSA 
pneumonia acquired consistent results with 
overall analysis with respect to similarity in in- 
cidence of DRAEs [VAP: RR 1.17 (0.85 - 1.61), p 
= 0.33; NP: RR 0.95 (0.71 - 1.27), p = 0.75; 
NSP: RR 1.64 (0.93 - 2.91), p = 0.09; Figure 7] 
and drug discontinuation [VAP: RR 0.58 (0.20 - 
1.69), p = 0.32; NP: RR 1.06 (0.84 - 1.34), p = 
0.60; NSP: RR 1.03 (0.57 - 1.87), p = 0.91)] be- 
tween the two therapies. Subgroup analysis by 
study design acquired consistent results with 
overall analysis with respect to similarity in inci-

Figure 7. Forest plot for total DRAEs with overall and subgroup analysis by pneumonia categories. Abbreviations: 
VAP, ventilator-associated pneumonia; NP, nosocomial pneumonia; NSP, non-specified pneumonia; CI, confidential 
interval; df, degree of freedom.
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dence of total DRAEs [RCTs: RR 1.20 (0.92 - 
1.56), p = 0.18; case control study: RR 1.09 
(0.60 - 2.00), p = 0.77; Figure 7]. Subgroup 
analysis by study quality acquired consistent 
results with overall analysis with respect to sim-
ilarity in incidence of (1) Total DRAEs [high-qual-
ity studies: RR 1.06 (0.83 - 1.35), p = 0.64; low-
quality ones, RR 1.34 (0.93 - 1.94), p = 0.12]; 
and (2) Drug discontinuation [high-quality stud-
ies RR 1.04 (0.83 - 1.310, p = 0.72; low-quality 
ones: RR 0.94 (0.53 - 1.67), p = 0.84)] between 
the two therapies.

Sensitivity analysis produced variation of het-
erogeneity in the following outcomes: (1) Total 
DRAEs given the finding that moderate hetero-
geneity determined in baseline analysis (I2 = 
31%, p = 0.18) was converted to none after re- 
moving the study by Stevens (2002) [7] (I2 = 
0%, p = 0.70); and (2) Nausea in view of the 
finding that moderate heterogeneity detected 
in initial analysis (I2 = 45%, p = 0.14) was con-
verted to none after removing the study by 
Wunderink (2003) [8] (I2 = 0%, p = 0.45). In con-
trast, it yielded no alteration of heterogeneity  
in incidence of drug discontinuation, rashes, 
diarrhea, nephrotoxicity, anemia, leucopenia, 
and thrombocytopenia, given the observation 
that the I2 statistic showed no obvious altera-
tions after excluding each study in turn, com-
pared to baseline profiles.

Publication bias

No publication bias was detected in any effica-
cy or safety outcomes, except in incidence of 
drug discontinuation (p = 0.038 and 0.024 in 
Egger’s Test and Begg’s Test, respectively) 
(Table S5).

Power calculations

The power to yield a statistically significant re- 
sult between the two antibiotics for each out-
come evaluated is listed in Table S6. As the 
table shows, outcomes, such as clinical suc-
cess at EOT, microbiological success at EOT, 
mortality, length of ICU stays, total DRAEs,  
diarrhea, and nephrotoxicity, had power of > 
80%, while the others did not.

Discussion

Efficacy outcomes

In terms of overall meta-analysis for efficacy 
outcomes, significant superiority of linezolid to 

vancomycin was found in both clinical and mi- 
crobiological success at EOT, as well as EOS  
for treatment of MRSA-related pneumonia in 
patients receiving clinical evaluation, detected 
comparable mortality, therapy duration, days 
on mechanical ventilation, length of ICU stays, 
and length of hospital stays between the two 
therapies.

This study also determined efficacy outcomes 
at EOT and EOS for specific subpopulations  
with different categories of MRSA pneumonia 
included (VAP, NP, or NSP), study designs (RCTs, 
retrospective cohort, or case control studies), 
and quality (high or low). Conforming superiority 
of linezolid to vancomycin was found in clinical 
success at EOT within subgroups of studies, 
including VAP, NP, RCTs, retrospective cohort 
studies, and high-quality studies, but not within 
those including NSP, case control studies, or 
low-quality studies. Consistent superiority of 
linezolid to vancomycin was also found in clini-
cal success at EOS within subgroups of stu- 
dies, including NP and high-quality RCTs, but 
not within those including VAP, NSP, or low- 
quality RCTs. These findings in clinical success 
were not compliant with those acquired from 
previous meta-analyses [19-23] among pati- 
ents with NP due to MRSA. Furthermore, sub-
group analysis for microbiological success at 
EOT came up with compliant superiority of  
linezolid to vancomycin. Additionally, subgroup 
analysis showed accordant association of line-
zolid with higher microbiological success at 
EOS within subgroups of studies, including 
RCTs with NP, but not within those including 
RCTs with VAP or RCTs with NSP. Findings con-
cerning microbiological success were consis-
tent with that in a previously performed meta-
analyses among population with NP due to 
MRSA by Jiang (2013) [20], but not with that  
by Wang (2015) [19], Kalil (2010) [21], or Kalil 
(2013) [23]. Comparable mortality was demon-
strated between the two therapies among pa- 
tients with MRSA-related pneumonia in both 
overall analysis and subgroup analysis by cate-
gories of pneumonia, study designs, and study 
quality. Results were in accord with findings 
achieved in previously published meta-analy-
ses among population with NP due to MRSA 
[19-23].

Safety outcomes

This study evaluated the principal DRAEs re- 
ported in these studies, including MRSA-rela- 
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ted pneumonia. The present meta-analysis in- 
dicated no significant differences in incidence 
of total DRAEs among patients with MRSA-re- 
lated pneumonia between the two therapies, 
according to overall analysis and subgroup 
analysis by categories of MRSA pneumonia (in 
accord with findings in previous meta-analy- 
ses [20, 22]), study designs, or study quality. 
Previous meta-analyses did not provide pooled 
data on incidence in their comparison of leu- 
copenia between the two therapy groups of 
patients with MRSA-related pneumonia. The 
present meta-analysis, for the first time, report-
ed no significant differences in incidence of  
leucopenia between linezolid and vancomycin 
groups. Subgroup analysis for individual DRAE 
was not executed in this meta-analysis due to 
the length of the manuscript and the lack of 
studies available for stratification by pneumo-
nia categories, study designs, or study quality.

Sensitivity analysis

Sensitivity analysis produced a variation of het-
erogeneity in days on mechanical ventilation 
and length of ICU stays after removing the stu- 
dy by Chan (2011) [12], a retrospective cohort 
study enrolling patients with MRSA VAP with 
highest Newcastle-Ottawa Scale of 9 and lon-
gest days on mechanical ventilation. This im- 
plies that the heterogeneity across the studies 
providing relevant data originated from differ-
ences in study quality and days on mechanical 
ventilation. Moreover, a random effects model 
was applied in total DRAEs measurements, sh- 
owing moderate heterogeneity. This could be 
secondary to the subjectivity of symptom mani-
festations, as well as to differences in reporting 
among studies, as Kalil (2010) [21] assumed. 
Moreover, when the study by Stevens et al. 
(2002) [7], an RCT with the lowest study quality 
(Jadad score of 3), was removed, no heteroge-
neity was detected. This suggests that the ini-
tial heterogeneity was possibly attributed to  
the low quality of this study. Also, the I2 statistic 
showed moderate heterogeneity with nausea 
between studies included in this meta-analy- 
sis. When the study by Wunderink 2003 [8] was 
removed, the I2 statistic showed no heteroge-
neity, implying that the moderate heterogeneity 
probably be attributive to this study. This study 
could not explain the mechanisms by which  
this study produced moderate heterogeneity. In 
contrast, sensitivity analysis yielded no altera-
tion of heterogeneity in clinical success at EOT, 

clinical success at EOS, microbiological suc-
cess at EOT, microbiological success at EOS, 
mortality, therapy duration, and length of hospi-
tal stays or incidence of drug discontinuation, 
rashes, diarrhea, nephrotoxicity, anemia, leuco-
penia, or thrombocytopenia, given the obser- 
vation that the I2 statistic showed no heteroge-
neity between studies in baseline analysis, yet 
still did after excluding each study in turn.

Stability and validity of findings

Taken together with present findings that there 
was no alteration of heterogeneity, no publica-
tion bias, and power of > 80% provided by the 
large sample size to detect differences con-
cerning these outcomes between the two anti-
biotics, the superiority of linezolid to vancomy-
cin with respect to higher rates of clinical suc-
cess at EOT, microbiological success at EOT, 
lower incidence of nephrotoxicity, and inferiority 
to vancomycin in regards to higher incidence of 
diarrhea was proven to be robust and clinically 
meaningful.

Limitations

There were several limitations to the present 
meta-analysis. First, an ideal stratification sta- 
ndard was not utilized in the establishment of 
study subgroups, according to studies includ- 
ing pneumonia categories as VAP, NP and NSP, 
since there certainly existed some overlap and 
perplexity of definitions. Second, only English 
studies were included in this analysis, which 
may have caused language bias. In addition, 
nine [4-11, 16] out of the 15 studies were fund-
ed by industry, which might have generated 
bias in the assessment of efficacy and safety 
outcomes. Subgroup analysis of efficacy and 
safety outcomes between linezolid and vanco-
mycin for treatment of MRSA-related pneumo-
nia by demographics (ages or gender), comor-
bidity (diabetes, COPD, or cystic fibrosis), sever-
ity (SOFA or APACHE scores), dosing, adminis-
trative routes, length of follow-up, or funding 
source, which were omitted in this meta-analy-
sis, are guaranteed to be implemented in the 
future.

Conclusion

Despite limitations existing in the current meta-
analysis, present results suggest the superiori-
ty of linezolid over vancomycin for treatment of 
MRSA-related pneumonia, showing higher clini-
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cal success at EOT and microbiological success 
at EOT, along with lower incidence of nephrotox-
icity. It also demonstrated inferiority to vanco-
mycin with higher incidence of diarrhea. Avail- 
able data supports the claim that linezolid may 
be an advantageous alternative to vancomycin 
for treatment of MRSA-related pneumonia. This 
meta-analysis has partially addressed the cur-
rent controversy and public health concern re- 
garding the optimal treatment for MRSA-rela- 
ted pneumonia. More well-designed prospec-
tive RCTs and meta-analyses focusing on effi-
cacy and safety outcomes of linezolid versus 
vancomycin are warranted.
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Table S1. PRISMA 2009 Checklist

Section/topic # Checklist item Reported on 
page #

TITLE

    Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

    Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants,  
and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review 
registration number.

3, 4

INTRODUCTION 

    Rationale 3 Describe the rationale for the review in the context of what is already known. 5

    Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study 
design (PICOS).

5

METHODS 

    Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information  
including registration number.

Not applicable

    Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) 
used as criteria for eligibility, giving rationale.

6, 7

    Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search 
and date last searched.

6

    Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 6, Table S2

    Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 6, 7, Figure 1

    Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and  
confirming data from investigators. 

8, 9, Table 2

    Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made. 8, 9, Table 1

    Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome 
level), and how this information is to be used in any data synthesis.

7, 8, Figure S1

    Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 9, 10

    Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each  
meta-analysis. 

9, 10

    Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies). 8, 10

    Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified. 10

RESULTS

    Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a 
flow diagram.

11, Figure 1

    Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 11, Table 2

    Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 11, Figure S1

    Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group  
(b) effect estimates and confidence intervals, ideally with a forest plot.

11-17, Figures 2-7

    Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 11-17, Figures 2-7

    Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 17, Table S5

    Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 12-17, Figures 2-7

DISCUSSION
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    Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare 
providers, users, and policy makers).

19-21

    Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting 
bias).

21, 22

    Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 23

FUNDING

    Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. 24
From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097. For 
more information, visit: www.prisma-statement.org.

Table S2. Search strategy
1. Pubmed
No. Query
#1 Search ((((((((((Gram-Positive Bacteria [Title/Abstract]) OR Gram-Positive Cocci [Title/Abstract]) OR Staphylococcaceae [Title/Abstract]) OR Staphylococcus [Title/Abstract]) OR Staphylococcus aureus 

[Title/Abstract]) OR Methicillin Resistance [Title/Abstract]) OR Methicillin Resistant Staphylococcus aureus [MeSH]) OR methicillin-resistant Staphylococcus aureus [Title/Abstract]) OR MRSA [Title/
Abstract]))

#2 Search ((((((((((((Glycopeptide [Title/Abstract]) OR Glycopeptides [Title/Abstract]) OR Vancomycin [MeSH]) OR Vancomicina [Title/Abstract]) OR Vancomycine [Title/Abstract]) OR Vancocin  
[Title/Abstract]) OR Vancocine [Title/Abstract]) OR Vanco Azupharma [Title/Abstract]) OR VANCO-cell [Title/Abstract]) OR Vanco-saar [Title/Abstract]) OR Diatracin [Title/Abstract]))

#3 Search ((((((((((((((U-100766 [Title/Abstract]) OR U100766 [Title/Abstract]) OR U 100766 [Title/Abstract]) OR PNU-100766 [Title/Abstract]) OR PNU100766 [Title/Abstract]) OR PNU 100766 [Title/
Abstract]) OR 100766, U [Title/Abstract]) OR N-((3-(3-fluoro-4-morpholinylphenyl)-2-oxo-5-oxazolidinyl)methyl)acetamide [Title/Abstract]) OR Zyvox [Title/Abstract]) OR Linezolide [Title/Abstract]) OR 
Linezolid [MeSH]) OR Oxazolidinones [Title/Abstract]) OR oxazolidinone [Title/Abstract])))

#4 #1 AND #2 AND #3

#5 Filters: Humans; English

2. Cochrane CENTRAL
No. Query
#1 ‘Gram-Positive Bacteria’ or ‘Gram-Positive Cocci’ or ‘Staphylococcaceae’ or ‘Staphylococcus’ or ‘Staphylococcus aureus’ or ‘Methicillin Resistance’ or ‘Methicillin Resistant Staphylococcus aureus’ or 

‘methicillin-resistant Staphylococcus aureus’ or ‘MRSA’

#2 ‘Glycopeptide’ or ‘Glycopeptides’ or ‘Vancomycin’ or ‘Vancomicina’ or ‘Vancomycine’ or ‘Vancocin’ or ‘Vancocine’ or ‘Vanco Azupharma’ or ‘VANCO-cell’ or ‘Vanco-saar’ or ‘Diatracin’

#3 ‘oxazolidinone’ or ‘Oxazolidinones’ or ‘Linezolid’ or ‘Linezolide’ or ‘Zyvox’ or ‘N-((3-(3-fluoro-4-morpholinylphenyl)-2-oxo-5-oxazolidinyl)methyl) acetamide’ or ‘100766, U’ or ‘PNU 100766’ or ‘PNU100766’ 
or ‘PNU-100766’ or ‘U 100766’ or ‘U100766’ or ‘U-100766’

#4 #1 and #2 and #3

3. EMBASE
No. Query
#1 ‘gram-positive bacteria’: ti, ab, kw OR ‘gram-positive cocci’: ti, ab, kw OR ‘staphylococcaceae’: ti, ab, kw OR ‘staphylococcus’: ti, ab, kw OR ‘staphylococcus aureus’: ti, ab, kw OR ‘methicillin resistance’: 

ti, ab, kw OR ‘methicillin resistant staphylococcus aureus’: ti, ab, kw OR ‘methicillin-resistant staphylococcus aureus’: ti, ab, kw OR ‘mrsa’: ti, ab, kw

#2 ‘glycopeptide’: ti, ab, kw OR ‘glycopeptides’: ti, ab, kw OR ‘vancomicina’: ti, ab, kw OR ‘vancomycine’: ti, ab, kw OR ‘vancocin’: ti, ab, kw OR ‘vancocine’: ti, ab, kw OR ‘vanco azupharma’: ti, ab, kw OR 
‘vanco-cell’: ti, ab, kw OR ‘vanco-saar’: ti, ab, kw OR ‘vancomycin’: ti, ab, kw

#3 ‘oxazolidinone’: ti, ab, kw OR ‘oxazolidinones’: ti, ab, kw OR ‘linezolide’: ti, ab, kw OR ‘zyvox’: ti, ab, kw OR ‘n-((3-(3-fluoro-4-morpholinylphenyl)-2-oxo-5-oxazolidinyl)methyl)acetamide’: ti, ab, kw OR 
‘100766, u’: ti, ab, kw OR ‘pnu 100766’: ti, ab, kw OR ‘pnu100766’: ti, ab, kw OR ‘pnu-100766’: ti, ab, kw OR ‘u 100766’: ti, ab, kw OR ‘u100766’: ti, ab, kw OR ‘linezolid’: ti, ab, kw

#4 #1 AND #2 AND #3

#5 #1 AND #2 AND #3 AND [humans]/lim AND [english]/lim
Abbreviations: ab: abstract; kw: key word; lim: limit; ti: title.
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Table S3. Standard for methodology quality assessment in RCTs by Jadad’s Scoring
Standard for Jadad’s scoring 0 1 2
Randomization Not randomized or inappropriate method of randomization The study was described as randomized The method of randomization was described and it was appropriate

Double blinding Not blinding or inappropriate method of blinding The study was described as Double blinding The method of double blinding was described and it was appropriate

Withdraws and dropouts Not describe the follow-up A description of withdraws and dropouts

Table S4. Standard for assessment of bias risk in cohort studies by Newcastle-Ottawa Scale
Selection Comparability Outcome

Representativeness  
of the exposed 
cohort

Selection of the 
non-exposed 
cohort

Ascertainment 
of exposure

Demonstration that outcome 
of interest was not present 
at start of study

Comparability of  
cohorts on the basis 
of the following items

Assessment of 
outcome

Was follow-up  
long enough for  
outcomes to occur

Adequacy of follow up 
of cohorts

a Truly representative of 
the exposed cohort

Drawn from the 
same community as 
the exposed cohort

Secure record Yes Study controls for 
APACHE II score

Independent 
blind assessment

Yes (select an adequate 
follow up period for 
outcome of interest)

Complete follow up - all 
subjects accounted for

b Somewhat representa-
tive of the exposed 
cohort

Drawn from a  
different source

Structured 
interview

No Study controls for any 
additional factor

Record linkage No Subjects lost to follow 
up unlikely to introduce 
bias - small number lost -> 
80% (select an adequate 
%) follow up, or description 
provided of those lost

c Selected group of 
exposed patients. eg 
nurses, volunteers

No description of 
the derivation of the 
non-exposed cohort

Written  
self-report

Self-report Follow up rate < 80% 
(select an adequate %) and 
no description of those lost 
no statement

d No description of 
the derivation of the 
cohort

No description No description
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Figure S1. ‘Risk of bias’ tool for judging each risk of bias item for each included study. Symbols show low risk of bias 
(+), unclear risk of bias (?) or high risk of bias (-). Table demonstrates 68 out of 105 items (64.8%) classified as low 
or unclear risk of bias, suggesting low or moderate risk of bias regarding overall evaluation for included studies.
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Table S5. Assessments of potential publication bias in efficacy and safety outcomes

Efficacy and safety outcomes
Egger’s Test Begger’s Test

Coef. Std. Err. t p > |t| Adj. Kendall’s 
Score

Std. Dev. 
of Score Z Pr > |z|

Clinical success at EOT -0.240 0.203 -1.18 0.276 -4 9.59 0.31 0.754
Clinical success at EOS -0.644 0.310 -2.07 0.107 -9 5.32 1.50 0.133
Microbiological success at EOT 0.075 0.998 0.08 0.943 5 6.66 0.60 0.548
Microbiological success at EOS 0.051 1.023 0.05 0.962 0 8.08 -0.12 1.000
Mortality -0.891 0.413 -2.16 0.054 -26 16.39 1.53 0.127
Therapy duration -0.669 0.513 -1.30 0.229 -3 11.18 0.18 0,858
Length of ICU stay -0.049 2.925 -0.02 0.988 2 2.94 0.34 0.734
Days on mechanical ventilation -0.339 2.498 -0.14 0.904 0 2.94 -0.34 1.000
Length of hospital stay -0.010 0.811 -0.12 0.910 2 4.08 0.24 0.806
Total DRAEs -0.345 1.120 -0.31 0.769 -4 8.08 0.37 0.711
Drug discontinuation -0.782 0.256 -3.06 0.038 -13 5.32 2.25 0.024
Abbreviations: adj. = adjusted; coef. = coefficient; DRAEs = drug-related adverse events; Std. Dev. = standard deviation; Std. 
Err. = standard error; EOS = end of study; EOT = end of treatment.

Table S6. Power calculation for each outcome evaluated
Outcomes evaluated Power (%) Difference Precision (±) 95% CI
Clinical success at EOT 99.9 0.290 (0.690 vs. 0.400) 0.040 0.260 - 0.330
Clinical success at EOS 54.0 0.070 (0.524 vs. 0.454) 0.066 0.004 - 0.136
Microbiological success at EOT > 99.9 0.334 (0.688 vs. 0.354) 0.049 0.284 - 0.383
Microbiological success at EOS 69.7 0.095 (0.572 vs. 0.477) 0.075 0.020 - 0.171
Mortality 87.1 -0.033 (0.170 vs. 0.203) 0.021 -0.054 - -0.013
Therapy duration 5.3 -0.1 (10.0 vs. 10.1) 1.2 -1.3 - 1.1
Days on mechanical ventilation 5.2 -0.5 (11.6 vs. 12.1) 7.1 -7.6 - 6.6
Length of ICU stay 96.0 -6.5 (10.5 vs. 17.0) 3.4 -9.9 - -3.1
Length of hospital stay 23.3 -2.4 (17.4 vs. 19.8) 3.8 -6.2 - 1.4
Total DRAEs 81.0 0.045 (0.198 vs. 0.153) 0.031 0.014 - 0.076
Rash 15.4 -0.005 (0.008 vs. 0.013) 0.011 -0.016 - 0.006
Nausea 32.4 0.010 (0.019 vs. 0.010) 0.012 -0.003 - 0.022
Vomiting 26.9 0.022 (0.030 vs. 0.009) 0.028 -0.007 - 0.050
Diarrhea 88.9 0.025 (0.044 vs. 0.019) 0.015 0.010 - 0.040
Liver dysfunction 5.3 -0.002 (0.026 vs. 0.029) 0.028 -0.030 - 0.025
Nephrotoxicity 96.4 -0.026 (0.028 vs. 0.054) 0.014 -0.040 - -0.013
Anemia 7.6 -0.006 (0.104 vs. 0.110) 0.024 -0.030 - 0.018 
Leucopenia 58.3 0.008 (0.012 vs. 0.004) 0.007 0.001 - 0.015
Thrombocytopenia 15.2 0.007 (0.049 vs. 0.042) 0.015 -0.008 - 0.022
Drug discontinuation 6.6 0.006 (0.148 vs. 0.142) 0.033 -0.027 - 0.039
Abbreviations: adj. = adjusted; CI = confidential interval; coef. = coefficient; DRAEs = drug-related adverse events; Std. Dev. = 
standard deviation; Std. Err. = standard error; EOS = end of study; EOT = end of treatment.


