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Objective: To evaluate the clinical outcomes associated with anti-methicillin-resistant Staphy-

lococcus aureus (MRSA) antimicrobials.

Methods: We reviewed a prospective database of 247 consecutive patients with clinically and 

microbiologically confirmed MRSA infections, hospitalized in 7 Japanese hospitals between 

April 2014 and March 2015, and treated with anti-MRSA pharmaceuticals. Survival was mea-

sured at 30 days. We examined the relationships between initial antimicrobial administered and 

survival and organ toxicity. HR and 95% CIs were calculated.

Results: Overall 30-day mortality was 12%. The lungs were infected in 105 (41%), 

skin and soft tissue in 73 (30%), and bones and joints in 21 (9%) patients. Bacteremia 

complicated the illness in 69 patients (28%). Among 5 pharmaceuticals, vancomycin was 

prescribed to 174 (71%), linezolid to 38 (16%), teicoplanin to 22 (9%), and daptomycin to 

11 (5%) patients. Vancomycin tended to be associated with the lowest survival (HR=2.47; 

95% CI=0.93–6.51; P=0.067), particularly in the lung-infected subgroup (HR=4.85; 95% 

CI=1.12–20.94; P=0.034) after adjustments for baseline illness severity. The incidence 

of renal dysfunction tended to be higher in patients with trough serum concentrations of 

vancomycin >15 mg/dL.

Conclusion: In this observational study reflecting real-world conditions, vancomycin was 

associated with higher 30-day mortality and incidence of kidney dysfunction than other anti-

MRSA agents. The significance of the differences observed among antimicrobials other than 

vancomycin is uncertain.

Keywords: methicillin-resistant Staphylococcus aureus, vancomycin, linezolid, infectious 

mortality, renal dysfunction

Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most common 

causes of fatal or near-fatal nosocomial infections of the lung, blood, and skin or soft 

tissues.1–4 The inordinately high mortality associated with MRSA, partially due to the 

gravity of the illness and the limited efficacy of antimicrobials available, is a source 

of major and widespread concern.
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The appropriate choice, timing, and doses of antimicrobi-

als against MRSA are major determinants of their efficacy, 

particularly when used to treat infections of the bloodstream 

or the lungs.5 A judicious choice of empiric therapy, before 

return of the results of microbiological cultures, is especially 

important.6–8 Vancomycin is used worldwide as first-line treat-

ment of MRSA. However, well-designed, randomized trials 

comparing its efficacy with that of other antimicrobials are few. 

In addition, the availability of treatments, besides vancomycin, 

vary among countries and world regions, underscoring the 

importance of conducting scholarly, observational studies in 

various clinical settings to examine the relationship between 

choice of anti-MRSA agent and clinical efficacy, based on real-

world clinical practice. Given the variations in the prescription 

of drug regimens in response to the publication of national or 

regional treatment guidelines,9–11 studies of the effectiveness of 

treatments against MRSA infections are certainly worthwhile.

Using data prospectively collected by a multicenter, real-

world registry, we examined the treatment effects of various 

anti-MRSA drugs administered as recommended by profes-

sional practice guidelines to hospitalized patients presenting 

with microbiologically confirmed MRSA infections.9 We 

specifically compared the 30-day survival and development 

of organ dysfunctions associated with vancomycin, a standard 

antimicrobial widely recommended in the guidelines,9 with 

that associated with several other pharmaceuticals.

Study sample and methods
This observational study was conducted at 2 university-

affiliated and 5 general teaching hospitals in Japan. The data 

were collected using 1) a prospective database maintained 

by the infection control teams of the participating hospitals, 

and 2) a review of medical records, with the approval of the 

Ethics Committee of Kyoto Medical Centre (#13-103), in 

accordance with the standards stated in the 1964 Declaration 

of Helsinki, and by the Ethics Committee of other hospitals, if 

requested. The Committee waived the signatures of informed 

consents by the patients whose records were reviewed, as 

this was a noninterventional, observational study with data 

management processed anonymously.

Patient selection
We reviewed the records of consecutively hospitalized 

patients, treated with any anti-MRSA drug for confirmed 

infections strictly due to MRSA, based on microbiological 

cultures and clinical evaluations. The MRSA detection sys-

tems varied among medical institutions (MicroScan Walk-

Away® plus [Beckman Coulter, Inc., Brea, CA, USA]; n=4, 

VITEK® [ bioMérieux, Inc., Marcy-l’Étoile, France]; n=2, 

and BD-Phenix™ [Becton Dickinson, Franklin Lakes, NJ, 

USA]; n=1). The cultures, diagnoses of each infections focus, 

and the prescriptions of antimicrobials were the responsibility 

of the physicians caring for individual patients, in consulta-

tion, when necessary, with infectious disease specialists. The 

antimicrobials available to treat MRSA in Japan during the 

study period were vancomycin, teicoplanin, linezolid, dapto-

mycin, and arbekacin (not used in this study). Authorization 

was obtained from the infection control team before initiating 

treatment with these drugs.

Anti-MRSA treatment
We recorded the duration of initial administration of each 

anti-MRSA drug and their doses, total duration of therapy, 

substitution of other drugs, and time and causes of treatment 

discontinuation. In the case of glycopeptides, the initial 

trough serum concentration was measured 3 days after the 

onset of therapy. No standard protocol of drug administration 

was used by the participating institutions.

Concordance with the treatment guidelines was exam-

ined by cross-reference with the Japanese therapeutic 

guidelines for MRSA.9 When the initial therapeutic regimen 

administered for an infectious source was the first choice 

recommended by the guidelines (Table 1), it was classified 

as “concordant.”

Other baseline characteristics
We recorded the patient age, sex, Charlson score, acute physi-

ology and chronic health evaluation (APACHE) II score on 

day 0, sequential organ failure assessment (SOFA) score on 

days 0, 2–3 and 5–7, definite or probable sources of infection, 

Table 1 First-choice antimicrobials recommended by the 
Japanese practice guidelines for the management of infections 
caused by MRSA

Infectious focus Choices of anti-MRSA  
pharmaceuticals

Lungs Linezolid
Vancomycin
Teicoplanin

Blood Daptomycin
Vancomycin

Endocardium Daptomycin
Vancomycin

Skin and soft tissues Daptomycin
Linezolid
Vancomycin

Note: Data from Niki.9

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
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presence of bacteremia, and other characteristics, which, from 

previous publications,1–4,8 might have been related to outcome.

All-cause mortality was measured 30 days after the ini-

tiation of the anti-MRSBA pharmaceuticals, which was set 

as an appropriate time point to evaluate the outcomes of an 

acute infectious disease. The patient population was divided 

between survivors and nonsurvivors. Factors associated with 

fatal outcomes were evaluated in both groups and compared. 

Acute renal dysfunction was diagnosed as a >0.5 mg/dL serum 

creatinine concentration, or a >50% increase from baseline 

following the initiation of therapy. The eradication of micro-

organisms was evaluated at the end of therapy with each drug.

Sample size
Based on the known 15%–20% mortality associated with 

MRSA infections, we estimated that ≥200 patients were 

needed to perform meaningful multiple variable analyses.12

Statistical analysis
Continuous data are expressed as medians (interquartile 

ranges) and categorical data as counts (percentages). 

Demographic and clinical variables were compared among 

the anti-MRSA agents. Significant differences in medians 

and prevalence estimates were examined, using the χ2 and 

Kruskal– Wallis tests for categorical and continuous variables, 

respectively. Cox multiple variable regression analyses were 

used to evaluate the impact of initial anti-MRSA therapy on 

outcomes, including 30-day mortality and newly acquired 

renal dysfunction, nonadjusted or adjusted for potential 

confounders. The results were adjusted for disease severity, 

using age, APACHE II scores, bacteremia, and presence of 

pneumonia. We also verified the absence of multiple col-

linearity of severity of illness and each covariate. HR and 

95% CIs were calculated. With respect to the analysis of 

guideline concordance, the study sample was divided between 

concordant and nonconcordant groups. A P-value <0.05 was 

considered to indicate statistical significance. All analyses 

were performed using the SPSS software, version 24.0 (IBM 

Corporation, Armonk, NY, USA).

Results
Baseline characteristics
Since a single aminoglycoside is not considered an effective 

treatment of MRSA, 2 patients treated with albekacin alone 

were excluded and 245 patients were retained in the analysis. 

The Charlson, APACHE II, and SOFA scores on the first day 

of MRSA treatment were 3 (1–4), 12 (8–12), and 2 (0–6), 

respectively (Table 2). Confirmed or suspected pneumonia 

was the most frequent source of infection in 105 patients 

(42.9%), followed by skin and soft tissue in 73 (29.8%), and 

bones and joints in 21 (8.6%) patients. The disease was com-

plicated by bacteremia in 69 (28.2%) patients. The minimum 

inhibitory concentration of vancomycin against the target 

MRSA was >2 mg/L in all but a single patient.

Drug therapy
Vancomycin was the first antimicrobial administered in 174 

patients (71.0%), followed by linezolid in 38 (15.5%), teico-

planin in 22 (8.9%), and daptomycin in 11 (4.5%) patients. 

Within 30 days, 25 of 174 (14.4%) patients treated with 

vancomycin died, in contrast with 1 of 22 patients (4.5%) 

who received teicoplanin, 3 of 38 patients (7.9%) who 

received linezolid, and 1 of 11 patients (9.1%) who received 

daptomycin, corresponding to a 7.0% 30-day mortality in 

the group treated with antimicrobials other than vanco-

mycin. The rate of microorganism eradication was similar 

among the various treatment groups and nearly identical in 

the 174 patients treated with vancomycin compared with 

the 71 patients treated with other antimicrobials (data not 

shown). The baseline SOFA score was significantly higher in 

patients treated with linezolid or daptomycin on day 0 (Table 

2). However, after the initiation of antimicrobial therapy, 

the SOFA scores on days 2–3 and days 5–7 were similar 

among the treatment groups. Acute renal dysfunction was 

diagnosed in 30 patients (17.2%) treated with vancomycin, 

2 patients (9.1%) treated with teicoplanin, 3 patients (7.9%) 

with linezolid, and no patient treated with daptomycin. 

Supplemental drugs with and without anti-MRSA proper-

ties were administered to 16 and 21 patients, respectively, 

without differences in mortality among the treatment groups 

(no supplemental drug: 12%; supplemental drug with anti-

MRSA properties, including clindamycin, minocycline and 

trimethoprim-sulfamethoxazole: 13%; supplemental drug 

without anti-MRSA properties, including β-lactams and 

quinolones: 14% [P=0.56]). Twenty-seven patients had a 

history of MRSA infection. The mortality of patients with 

(4%) and without (13%) histories of MRSA infection was 

not significantly different (P=0.25).

The choice of initial therapy was concordant with the 

professional practice guidelines in 217, and nonconcordant 

in 28 patients (bacteremias of known origin were counted 

twice). The 30-day mortality was similar in the concordant 

(12.9%) and the nonconcordant (7.1%) groups, while the rate 

of substitution of other anti-MRSA agents was significantly 

higher in the nonconcordant (39.2%) than in the concordant 

(13.4%) group (P<0.01).
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Factors associated with mortality
Unadjusted comparisons revealed that the 30 nonsurvivors 

were older, presented with higher Charlson, APACHE II, and 

SOFA scores, and with a higher prevalence of bacteremia 

than the 215 survivors. There was a trend (P=0.11) toward a 

significant relationship between 30-day mortality and vanco-

mycin therapy. By Cox multiple variable regression analysis 

adjusted for APACHE II score and bacteremia, a trend toward 

shorter survival (adjusted HR=2.47; 95% CI=0.93–6.51; 

P=0.067) was observed in the vancomycin-treated group 

compared with the other groups (Figure 1; Table 3). Among 

105 patients presenting with lung infections, the survival 

of 33 patients treated with vancomycin was significantly 

shorter (adjusted HR=4.85; 95% CI=1.12–20.94; P=0.034) 

than the 72 patients treated with other antimicrobials (Fig-

ure 2). Furthermore, in the subgroup presenting with lung 

infections, the survival of 29 patients treated with linezolid 

tended to be longer than that of 76 patients treated with other 

antimicrobials (Figure S1).

Drugs concordant with the practice guidelines recom-

mendations were initially administered to 217 patients 

(89%). While this concordance was associated with infre-

quent changes in the initial drug regimen, we observed no 

significant relationship with the 30-day mortality (Table 4).

Trough concentrations of vancomycin 
and 30-day outcomes
Within the 30 days of follow-up, 215 patients survived 

(87.8%) and 30 (12.2%) died. In the nonadjusted model, the 

incidence of renal dysfunction was significantly higher in 

patients treated with vancomycin, though not in the adjusted 

model (Table 3). In the sensitivity analysis based on the initial 

trough concentrations of vancomycin, the 30-day mortality 

was similar in both groups. The incidence of acute kidney 

dysfunction paralleled the increase in initial trough concen-

trations, suggesting that an initial trough concentration >15 

mg/dL is a predictor of newly acquired renal dysfunction 

(Table S1).

Table 2 Characteristics of entire study sample and of each treatment group

Variable All patients 
(n=245)

Anti-MRSA pharmaceuticals

Vancomycin 
(n=174)

Linezolid  
(n=38)

Daptomycin 
(n=11)

Teicoplanin  
(n=22)

Age, years 71 (61–79) 71 (60–78) 74 (65–79) 70 (65–74) 65 (53–82)
Men 176 (71.8) 121 (69.5) 26 (68.4) 11 (100) 18 (81.8)
APACHE II 12 (8–20) 11 (8–19) 15 (9–23) 11 (7–12) 12 (8–16)
Charlson score 3 (1–4) 3 (1–5) 2 (1–4) 2 (0–3) 2 (0–3)
History of

Diabetes mellitus* 90 (36.7) 75 (43.1) 6 (15.8) 3 (27.3) 6 (27.3)
End-stage renal disease 43 (17.6) 34 (19.5) 5 (13.2) 1 (9.1) 3 (13.6)
Cancer 67 (27.3) 40 (23.0) 16 (42.1) 4 (36.4) 6 (27.3)
Liver disease 23 (9.4) 16 (9.2) 4 (10.5) 2 (18.2) 0

Infectious source
Bacteraemiaa 69 (28.2) 56 (32.2) 6 (15) 2 (18.2) 5 (22.7)
Lung* 105 (42.9) 72 (41.4) 29 (76.3) 1 (9.1) 3 (13.6)
Skin and soft tissue* 73 (29.8) 50 (28.7) 5 (13.2) 7 (63.6) 11 (50.0)
Bone and joint 21 (8.6) 14 (8.0) 2 (5.3) 2 (18.2) 3 (13.6)
Othersb 38 (13.5) 28 (16.1) 5 (13.2) 1 (9.1) 4 (18.2)

SOFA score
Day 0* 2 (0–6) 2 (0–6) 4 (2–7) 2 (1–7) 0 (0–3)
Days 2–3 (n=244) 2 (0–5) 2 (0–5) 3 (1–6) 1 (0–6) 0 (0–4)
Days 5–7 (n=243) 2 (0–4) 1 (0–4) 3 (0–5) 1 (0–2) 0 (0–3)

Intensive care unit admission* 83 (33.9) 55 (31.6) 20 (52.6) 7 (63.6) 1 (4.5)
Mechanical ventilation* 58 (23.7) 38 (21.8) 13 (34.2) 6 (54.5) 1 (4.5)
Days of initial therapy 11 (7–16) 12 (7–17) 8 (7–13) 11 (8–17) 10 (6–13)
Change in MRSA therapy* 66 (26.9) 38 (21.8) 3 (7.8) 3 (27.2) 6 (27.2)
Change or discontinuation of antimicrobial for adverse effect 17 (6.9) 11 (6.4) 5 (13.2) 0 1 (4.5)
Newly acquired renal dysfunction 35 (14.3) 30 (17.2) 3 (7.9) 0 2 (9.1)
30-day mortality, % 12.2 14.4 7.9 9.1 4.5

Notes: Unless specified otherwise, the values are medians (interquartile ranges) or numbers (%) of observations. aInfectious source unidentified in 24 patients; bincludes 4 
infective endocarditis and 4 meningitis. *P<0.05.
Abbreviations: APACHE II, acute physiology and chronic health evaluation; MRSA, methicillin-resistant Staphylococcus aureus; SOFA, sequential organ failure assessment.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Infection and Drug Resistance  2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1077

Antimicrobial treatment for MRSA infection

Discussion
Main study findings
This analysis identified an association between the use of 

initial antimicrobial therapy and mortality of patients present-

ing with definite or probable MRSA infections. Vancomycin, 

the most prevalent antimicrobial in this study, was associated 

with nonsurvival after adjustment for severity of illness. In 

addition, the measurement of high trough concentrations 

of vancomycin tended to be associated with an increased 

incidence of acute renal dysfunction developing after the 

initiation of antimicrobial therapy.

Several randomized trials and meta-analyses comparing 

vancomycin with other antimicrobials administered in vari-

ous clinical settings and for different infectious diseases have 

been published. A recent, systematic review and meta-analysis 

compared vancomycin, as the established anti-MRSA agent, 

with six other antimicrobials effective against MRSA. In a 

Bayesian network meta-analysis of 27 randomized trials, line-

zolid was more effective and safer than vancomycin, specifi-

cally for the treatment of complicated nosocomial, soft tissue 

infections and for ventilator-associated pneumonia.13 Another 

meta-analysis of 8 studies comparing directly the efficacy and 

Figure 1 Survival of vancomycin versus non-vancomycin treatment groups at 30 days in the overall sample.
Note: After adjustment for age, APACHE II score, bacteremia, and pneumonia, the risk of dying tended to be higher in the vancomycin-treated group than in the groups 
treated with other pharmaceuticals.
Abbreviations: APACHE II, acute physiology and chronic health evaluation; MRSA, methicillin-resistant Staphylococcus aureus.
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Table 3 Outcome of Cox regression analysis of clinical outcomes; comparison of vancomycin versus other antimicrobials

Variable Cox model

Unadjusted Adjusted

HR 95% CI P-value HR 95% CI P-value

Vancomycin versus non-vancomycin
30-day mortality 2.28 0.88–5.93 0.09 2.47 0.93–6.51 0.06
Newly acquired renal dysfunction 2.65 1.02–6.83 0.04 1.99 0.76–5.18 0.15
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safety of vancomycin with linezolid for all MRSA infections 

also found a significantly greater treatment efficacy conferred 

by linezolid (OR=1.77; 95% CI=1.22–2.56).14 In addition, an 

analysis of variables associated with clinical success, using 

data from a randomized trial, found that treatment with 

linezolid was more likely to be successful (OR=1.55; 95% 

CI=1.01–2.34).15 The results of our study, which confirmed 

the efficacy of antimicrobials other than vancomycin as initial 

treatment of MRSA infections, of the lung in particular, are 

concordant with the results of these meta-analyses.

Figure 2 Thirty-day survival of vancomycin versus non-vancomycin treatment groups presenting with lung infections.
Note: Among patients with lung infections and after adjustment for baseline severity of the illness, survival in the vancomycin-treated group was significantly lower than in 
the group treated with other drugs.
Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
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Table 4 Concordance of initial anti-MRSA therapy with practice guidelines

Variable Concordance, n=217 Nonconcordance, n=28 P-value

Anti-MRSA pharmaceutical <0.01
Vancomycin 169 (97.1) 5 (2.9)
Teicoplanin 4 (18.2) 18 (81.8)
Linezolid 35 (92.1) 3 (7.9)
Daptomycin 9 (81.8) 2 (18.2)

Drug substitution after initial treatment 29 (13.4) 11 (39.2) <0.01
Improvement in SOFA score

Day 0 to days 2–3 (n=244) 138 (63.9) 17 (60.7) 0.74

Days 2–3 to days 5–7 (n=243) 148 (68.8) 21 (75.0) 0.50
Newly acquired renal dysfunction 31 (14.3) 4 (14.2) 1.00
30-day mortality, % 12.9 7.1 0.38

Note: Unless specified otherwise, the values are numbers (%) of observations.
Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; SOFA, sequential organ failure assessment.
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Among various anti-MRSA drugs, the in vitro bacteri-

cidal potency of daptomycin against Gram-positive pathogens 

is the highest. Studies comparing the efficacy of daptomycin 

versus vancomycin have also suggested a superiority of 

daptomycin in specific settings. A randomized trial compar-

ing the efficacy of daptomycin with that of glycopeptides 

supports the use of the former as first-line treatment for 

complicated skin and soft tissue infections.16 Higher clinical 

and microbiological successes were observed with daptomy-

cin versus vancomycin and teicoplanin in 194 randomized 

patients, especially when patients were ≥65 years of age. 

Other small studies have suggested a higher clinical success 

or longer survival associated with daptomycin in complicated 

dermatologic infections17 or complicated bacteremia due 

to MRSA.18 These data suggest a contribution to a higher 

efficacy in the non-vancomycin group in this study. Due to 

the small numbers of patients treated with drugs other than 

vancomycin, these drugs could not be directly compared. 

One recent study observed that the addition of β-lactam 

antimicrobials might improve the outcome of patients treated 

with anti-MRSA drugs.19 However, in this study, only a few 

patients received combinations of drugs with and without 

anti-MRSA properties, and the mortality was similar among 

all groups compared.

The low efficacy of vancomycin might be explained in 

part by its pharmacologic and pharmacokinetic properties. 

Current practice guidelines recommend the monitoring and 

maintenance of its trough serum concentrations at 15–20 μg/

mL to optimize its efficacy and limit the risk of renal insuf-

ficiency or ototoxicity.9–11,20 Keeping the blood concentrations 

of the drug within this narrow target range is challenging, 

particularly in critically ill patients. Previous studies have 

observed that these targets were reached by fewer than one 

fourth of patients.21 This is concordant with our own observa-

tion of initial trough measurements of vancomycin kept at the 

target level in only 21% of our patients. It is also noteworthy 

that we found no relationship between these trough concentra-

tions of the drug and 30-day mortality. The undesirable effects 

on renal function at the target or higher trough levels22 may 

have contributed to a higher incidence of renal dysfunction, 

SOFA scores, and mortality in the vancomycin group. This is 

consistent with the results of previous meta-analyses, which 

found significant increases in the incidence of nephrotoxic-

ity caused by vancomycin prescribed for pneumonia14,23 or 

bacteremia.18

Previous studies have suggested that the acute severity of 

illness represented by the APACHE II score is the most sig-

nificant predictor of death of patients presenting with MRSA 

bacteremia.24,25 These analyses, however, did not include the 

effects of treatment on clinical outcomes. In contrast, we 

examined the effects of antimicrobial therapy after adjust-

ment for the APACHE II severity score, to analyze accurately 

the effects of drug therapy on the 30-day outcomes.

Study limitations
A first limitation of our study is its observational design. 

Although we adjusted our statistical analyses for the sever-

ity of the disease, interactions of several unexpected factors 

may have influenced outcomes. Second, the diagnosis of 

MRSA infection, as well as the choices, timings, and doses 

of each anti-MRSA drugs were left to the decision of the 

primary physicians, instead of being systematically guided 

by protocols or by recommendations from infectious disease 

specialists. Delays in suspecting the presence of MRSA and 

whether the drug was administered empirically or objectively 

might have considerably influenced the clinical outcomes. In 

turn, the data, reflecting the real-world management could 

provide useful information to assess current clinical situations 

and to consider future comparative studies. Third, we could 

not compare linezolid, daptomycin, and teicoplanin with each 

other because of the small numbers of observations. Direct, 

randomized comparisons of the efficacy and safety of these 

3 drugs, between linezolid and daptomycin in particular, are 

lacking due to the small numbers, precluding the recommen-

dation of a single drug as an optimal choice for the treatment 

of MRSA. A large study is needed to compare these drugs 

directly. Finally, our results cannot be extrapolated to other 

clinical settings, where new anti-MRSA drugs are avail-

able. Further studies should compare new pharmaceuticals, 

including ceftaroline, ceftobiprole, tedizolid, telavancin, 

dalbavancin, and oritavancin.26,27

Conclusion
In conclusion, this study examined current real-world prac-

tices in the treatment of infections caused by MRSA, as well 

as the relationship between choice of anti-MRSA drugs and 

30-day mortality adjusted for the baseline severity of illness. 

Vancomycin was associated with a higher incidence of renal 

dysfunction and a lower 30-day survival in patients presenting 

with lung infections. Randomized studies to validate these 

observations are warranted.
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Supplementary materials

Figure S1 Thirty-day survival of linezolid versus non-linezolid treatment groups presenting with lung infections.
Note: Among patients with lung infections and after adjustment for age, a trend was observed toward a higher survival in the linezolid-treated group compared with the 
group treated with other drugs.
Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
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Table S1 Relationship between highest trough vancomycin concentrations and clinical outcomes

Highest trough concentrations  
of vancomycin (mg/dL)

Patients New renal dysfunction 30-day mortality

0–4.9 0 0 0
5.0–9.9 11 (6.3) 0 3 (27.3)
10.0–14.9 31 (17.8) 2 (6.5) 2 (6.5)
15.0–19.9 40 (22.9) 10 (25.0) 7 (17.5)
20.0–24.9 32 (18.3) 6 (18.8) 2 (6.3)
≥25.0 28 (16.1) 9 (32.1) 6 (21.4)
Not measured 32 (18.3) 3 (9.4) 5 (15.6)
Total 174 (100) 30 (17.2) 25 (14.4)

Note: Unless specified otherwise, the values are numbers (%) of observations.
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