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Background: Carefully switching from intravenous to oral antibiotic therapy has shown to reduce treatment costs and lengths of
hospital stay as well as increase safety and comfort in patients with infections. The aim of this study was to compare the clinical
efficacy and safety between the patients treated with glycopeptides (case group), and the patients given oral antibiotics, as the
initial or step-down therapy (control group), in the treatment of patients with methicillin-resistant Staphylococcus aureus (MRSA)
infection.
Materials and Methods: A multicenter observational study was retrospectively performed in 7 teaching hospitals in Korea from
January to December 2012. The study included adult patients (≥ 18 years) with infection caused by MRSA isolates, susceptible
to clindamycin, erythromycin, and ciprofloxacin. The primary end point was treatment outcome, including all-cause mortality
and switching of antibiotics. Drug-related adverse events and the lengths of hospital stay were also compared between the two
treatment groups.
Results: During the study period, 107 patients (43 cases and 64 controls) with MRSA infections were enrolled from the participating hospitals. The most common sites of MRSA infection were skin and soft tissue (n = 28) and bone and joint (n = 26). The
median Charlson comorbidity index (P = 0. 560), the frequency of severe sepsis (P = 0.682) or thrombocytopenia (P = 1.000),
and median level of serum C-reactive protein (P = 0.157) at the onset of MRSA infections were not significantly different between the case and control groups. The oral antibiotics most frequently prescribed in the case group, were fluoroquinolones
(n = 29) and clindamycin (n = 8). The median duration of antibiotic treatment (P = 0.090) and the occurrence of drug-related
adverse events (P = 0.460) did not reach statistically significant difference between the two groups, whereas the total length of
hospital stay after the onset of MRSA infection was significantly shorter in the case group than the control group [median (in-
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terquartile range), 23 days (8-41) vs. 32 days (15-54), P = 0.017]. In multivariate analyses, the type of antibiotic used was not
an independent risk factor for treatment failure. The statistically significant factors associated with treatment failure included
underlying hepatic diseases, prior receipt of antibiotics, and foreign body retention.
Conclusions: This study indicates that oral antibiotic therapy with active agents against MRSA isolates can be considered as the
initial or step-down therapy for the treatment of MRSA infections and also reduce the length of hospital stay.
Key Words: Methicillin-resistant Staphylococcus aureus; Administration; Oral; Length of stay

Introduction
Although methicillin-resistant Staphylococcus aureus
(MRSA) has been recognized as a predominant cause of nosocomial infection, it has become an increasingly common
cause of community-associated infections [1, 2]. This suggests
the spread of hospital-acquired MRSA isolates from hospitals
into the community and vice versa [2]. Glycopeptides have
traditionally been the drug of choice for the treatment of
MRSA infections mainly because MRSA is resistant to other
antimicrobial agents. However, some MRSA strains typically
remain susceptible to a variety of antibiotics, including ciprofloxacin, trimethoprim/sulfamethoxazole (TMP/SMX), erythromycin, clindamycin, and tetracycline. Susceptibility to these
antibiotics might be an independent predictor for a community-associated infection, in contrast to a hospital-acquired
infection [3, 4].
As the incidence of MRSA infection continues to increase,
there is mounting interest in potential alternatives to vancomycin or teicoplanin because of the spread of vancomycin-resistant enterococci (VRE). Particularly, skin and soft tissue infections that are not serious enough to require hospitalization,
might be amenable to treatment with oral antibiotics in outpatients infected with MRSA isolates susceptible to oral antibiotics [5-7]. Furthermore, bone and joint infections, for which
S. aureus is the most frequent causative organism, require
long-term antibiotic therapy. If oral antibiotic agents are available for the treatment of bone and joint infections caused by
MRSA isolates, it might reduce the pressure of antibiotic selection, reduce the emergence of VRE, and curtail the cost associated with intravenous antibiotics and prolonged hospitalization [8-11].
Most clinicians consider intravenous infusion as the preferred route for administering antibiotics for serious infections. However, in recent years, several authors have suggested a regimen of relatively short intravenous therapy, followed
by oral treatment for the remainder of the course as an antimicrobial stewardship program [12-14]. Although it may in-

crease the rate of treatment failure, readmission, and death,
an appropriate switch to treatment with oral antibiotics may
allow early discharge, reduce treatment cost, risk of infection
due to intravenous catheter, and the workload for the nursing
staff, and increase comfort and mobility of the patients.
The previous study demonstrated that a favorable clinical
cure rate was achieved with oral linezolid therapy when compared with intravenous vancomycin therapy in propensity
score-matched patients with complicated skin and soft tissue
infections caused by MRSA isolates [15]. However, a few data
are available on which antibiotics can be used after intravenous glycopeptides in the management of patients with MRSA
infections.
The aim of this study was to compare the clinical efficacy
and safety of intravenous glycopeptide use alone versus oral
non-β-lactam antibiotic use after intravenous antibiotics, in
the treatment of patients with MRSA infection.

Meterials and Methods
1. Study design and patients
A multicenter observational case-control study was conducted in 7 teaching hospitals in the Republic of Korea from
January to December 2012. The subjects comprised adult patients (≥ 18 years of age) with various infections due to MRSA
isolates with community-acquired MRSA (CA-MRSA) phenotype [16, 17]. MRSA strains are susceptible to non-β-lactam
antibiotics, which are used as oral agents after intravenous
antibiotics, in the treatment of the following MRSA infections,
except pneumonia: skin and soft tissue infections, bone and
joint infection, urinary tract infections, bloodstream infections, intra-abdominal infection, cardiovascular infection,
central nervous system infection and surgical site infection.
A case was defined as an adult patient who received non-β-lactam antibiotics as alternative oral agents to which MRSA is susceptible, as the initial or step-down therapy after glycopeptides
therapy. A control was defined as an adult patient who received
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intravenous glycopeptides as the primary treatment for MRSA
infections.
Only the first episodes of MRSA infection were included for
analysis. Patients with polymicrobial infections were excluded
to specifically evaluate the impact of antibiotic therapy for
MRSA infection. During the study period, physicians treated
the patients according to routine medical practice, without
standardized interventions for the management of MRSA infection. The institutional review boards, prior to initiation of
the study, approved the study protocol.

2. Definitions
MRSA infection was considered present if one or more clinical cultures had positive results for MRSA isolates and if the
clinical signs and course were consistent with MRSA infection; presence of fever, increased level of serum white blood
cells (WBC) or serum C-reactive protein (CRP), and improvement of symptoms and infection signs after antibiotic therapy
against MRSA isolates. Epidemiologically, MRSA infection was
categorized as community-acquired, healthcare-associated,
or nosocomial infection. Community-onset MRSA infections
within 48 hours after hospital admission was considered
healthcare-associated if during the preceding 12 months, the
patient had any of the following: admission to other hospitals
or healthcare facilities for more than 2 days, permanent indwelling catheters, surgery, dialysis, specialized home care, or
visits at day hospitals. Infections occurring in patients at or after 48 hours of hospital admission were considered nosocomial [18]. Empirical antimicrobial therapy was defined as antibiotic treatment started before the causative organism and
susceptibilities were investigated in clinical cultures. Therapy
was classified as either appropriate or inappropriate based on
the in vitro susceptibility of the organism to the antimicrobial
agents used with an optimal dosing interval, within 48 hours
of the index clinical culture collection. Prior antibiotic exposure was defined as administration of more than 3 doses of
antibiotics, within 3 months before the occurrence of MRSA
infection. The CA-MRSA isolate phenotype was defined as being susceptible to clindamycin, erythromycin, and ciprofloxacin [16, 17].
The primary end point was treatment failure, which was defined as a composite occurrence of all-cause mortality or
switching of antibiotics due to adverse events or poor clinical
response to antibiotic therapy. The secondary end points were
mortality attributable to MRSA, hospital stay after onset of
MRSA infection and relapse within 2 weeks after the termination of antibiotic treatment.
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3. Variables
A standardized case report form was used to collect the clinical data of each patient from the participating hospitals. The
parameters collected for this analysis included demographics,
comorbid medical conditions, including Charlson comorbidity index [19], factors predisposing to infections, primary site of
MRSA infection, diagnosis of severe sepsis or septic shock
[20], hospital mortality, and microbiological data.

4. Microbiological tests
Bacterial identification and antibiotic susceptibility were
performed at each study site using a VITEK II (bioMérieux,
Hazelwood, MO, USA) or MicroScan Pos Combo Panel Type 6
system (Baxter Diagnostics, West Sacramento, CA, USA) in
addition to test for inducible clindamycin resistance.

5. Statistical analysis
Categorical and continuous variables were expressed as
percentage of a specific group or as median (Interquartile
Range; IQR), respectively. Categorical variables were compared using Pearson’s chi-square test when the expected frequency of each cell ≥5 or Fisher’s exact test when the expected
frequency of each cell <5. The continuous variables were compared using Mann-Whitney U test, because they were not normally distributed..
Multiple logistic regression analyses using the forward variable selection method were performed. All tests were twotailed, and a P-value <0.05 was considered statistically significant. All of the analyses were performed with IBM SPSS
Statistics version 20.0 (IBM Corporation, Armonk, NY, USA).

Results
1.	Demographics and clinical characteristics of
patients
During the study period, 107 patients with infections due to
MRSA isolates with CA-MRSA phenotype, were enrolled from
the participating hospitals. The study included case patients
who were administered non-β-lactam antibiotics, that are
available as alternative oral agents (n = 43, 40.2%) and control
patients who were given intravenous glycopeptides (n = 64,
59.8%) for MRSA infections. Antibiotic treatment in the case
group was administered as an initial therapy (n = 16) [fluoroquinolones (n = 8), clindamycin (n = 3), TMP/SMX (n = 3),
combination of ciprofloxacin and clindamycin (n = 1), and
combination of ciprofloxacin and rifampin (n = 1)] or as a
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Table 1. Comparison of demographic and clinical characteristics between the case and control groups involving 107 patients with MRSA infections
Variables

All
(n=107)

Male, n (%)
Median age, years (years), median (IQR)

Treatment group
Case group
(n=43, 40.2%)

Control group
(n=64, 59.8%)

P-value

52 (48.6)

19 (44.2)

33 (51.6)

0.454

63 (47, 72)

60 (39, 72)

63 (53, 74)

0.314a

104 (97.2)

64 (100)

40 (93.0)

0.062

Community-acquired

48 (44.9)

24 (55.8)

24 (37.5)

0.062

Healthcare-associated

25 (23.4)

5 (11.6)

20 (31.2)

0.019

Nosocomial

34 (31.8)

14 (32.6)

20 (31.2)

0.887

Skin and soft tissue infection

28 (26.2)

11 (25.6)

17 (26.6)

0.910

Bone and joint infection

26 (24.3)

7 (16.3)

19 (29.7)

0.113

Catheter-associated infection

24 (22.4)

13 (30.2)

11 (17.2)

0.113

Surgical wound infection

20 (18.7)

7 (16.3)

13 (20.3)

0.600

Primary bloodstream infection

7 (6.5)

4 (9.3)

3 (4.7)

0.435b

Urinary tract infection

2 (1.9)

1 (2.3)

1 (1.6)

1.000b

Cardiovascular

53 (49.5)

21 (48.8)

32 (50.0)

0.906

Central nervous system

23 (21.5)

9 (20.9)

14 (21.9)

0.907

Malignancy

15 (14.0)

2 (4.7)

13 (20.3)

0.022b

Renal

18 (16.8)

2 (4.7)

16 (25.0)

0.006b

Hepatic

9 (8.4)

1 (2.3)

8 (12.5)

0.082b

Respiratory

8 (7.5)

5 (11.6)

3 (4.7)

0.263b

36 (33.6)

11 (25.6)

25 (39.1)

0.148

2 (0, 4)

1 (0, 2)

2 (0, 4)

0.056a

Development of severe sepsis or septic shock

22 (20.6)

8 (18.6)

14 (21.9)

0.682

Prothesis-related infection

22 (20.6)

6 (14.0)

16 (25.0)

0.166

6 (2, 23)

11 (4, 28)

5 (2, 20)

0.157a

10 (11.1)

4 (10.8)

6 (11.3)

1.000b

35 (32.7)

9 (20.9)

26 (40.6)

0.033

Clindamycin

95 (88.8)

39 (90.7)

56 (87.5)

0.759

Ciprofloxacin

94 (87.9)

39 (90.7)

55 (85.9)

0.460

Erythromycin

85 (79.4)

35 (81.4)

50 (78.1)

0.682

101 (94.4)

42 (97.7)

59 (92.2)

0.398

Hospitalization due to MRSA infections, n (%)
Category of infection, n (%)

Primary site of MRSA infection, n (%)

Comorbid illness, n (%)

Metabolic
Charlson comorbidity index, median (IQR)
Clinical severity at the onset of MRSA infections, n (%)

C-reactive protein (mg/L), median (IQR)
Platelet < 100,000/mm3
Prior antibiotics use
Antimicrobial susceptibility of MRSA isolates, n (%)

Fusidic acid
Aminoglycosides

92 (86.0)

38 (88.4)

54 (84.4)

0.559

Rifampin

103 (96.3)

43 (100)

60 (93.8)

0.147

Tetracycline

100 (93.5)

41 (95.3)

59 (92.2)

0.699

TMP/SMX

107 (100)

43 (100)

64 (100)

IQR, interquartile range; MRSA, methicillin-resistant Staphylococcus aureus , TMP/SMX, trimethoprime/sulfamethoxazole.
a
P -values were obtained using Mann-Whitney U test.
b
P -values were obtained using Fisher’s exact test.

-
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step-down therapy after glycopeptides therapy (n = 27) [fluoroquinolones (n = 21), clindamycin (n = 5), and combination of
ciprofloxacin and rifampin (n = 1)]. The median duration of
these oral antibiotic therapies was 14 days (IQR 10-44 days). In
27 patients who received a sequential oral antibiotic therapy after glycopeptide administration, the median duration of total
antibiotic therapy and intravenous antibiotic therapy was 28
days (IQR 13-52 days) and 20 days (IQR 3-35 days), respectively.
The demographic and basal characteristics of the 107 patients are listed in Table 1. The most common primary site of
MRSA infection was skin and soft tissue (n = 28, 26.2%), followed by bone and joint (n = 26, 24.3%), vascular catheter (n =
24, 22.4%), surgical wounds (n = 20, 18.7%), and others (n = 9,
8.4%). The univariate analyses revealed no significant differences in the primary site of infection between the case and
control groups (Table 1).
The median Charlson comorbidity index was found to be 2
(IQR, 0–4) and univariate analyses showed no significant difference in Charlson comorbidity index between the case and
control groups (Table 1). While underlying malignancies and

www.icjournal.org

renal diseases were significantly more common in the control
group than in the case group (Table 1). Twenty-two patients
(20.6%) had severe sepsis or septic shock, and there was no
significant difference in the frequency of occurrence of severe
sepsis, thrombocytopenia, and complicated conditions or median level of serum CRP at the onset of MRSA infections between the two treatment groups (Table 1).

2. Microbiological characteristics
Microbiological analysis was performed for all 107 MRSA
isolates using an automated antimicrobial susceptibility testing system. In this study, over 90% of MRSA strains tested
were susceptible to TMP/SMX (100%), fusidic acid (94.4%),
and tetracycline (93.5%). Susceptibility to clindamycin
(88.8%) and ciprofloxacin (87.9%) was also found to be better
than to erythromycin (79.4%). All MRSA strains were susceptible to vancomycin and teicoplanin (Table 1).

3. Treatment outcomes
The overall all-cause mortality and MRSA-related mortality

Table 2. Comparison of antibiotic treatment outcomes and related adverse events between case and control groups involving the 107 patients with
MRSA infections
Treatment group
Variables

All
(n=107)

Case group
Control group
(n=43, 40.2%) (n=64, 59.8%)

P -value

Antibiotic treatment
Appropriate empirical antibiotic therapy, n (%)
Interval from culture to appropriate treatment (days), median (IQR)
Duration of appropriate treatment (days), median (IQR)

64 (59.8)

29 (67.4)

35 (54.7)

0.187

1 (0, 4)

1 (0, 4)

1 (0, 4)

0.202a

19 (12, 42)

28 (13, 52)

18 (11, 38)

0.090a

Clinical response, n (%)
Duration of fever (≥ 38oC) after appropriate treatment (days), median (IQR)

2 (0, 5)

2 (0, 5)

2 (0, 6)

0.527a

Interval from onset to normalization of WBC (days), median (IQR)

3 (0, 10)

2 (0, 11)

3 (0, 10)

0.870a

Interval from onset to normalization of CRP (days), median (IQR)

13 (0, 31)

8 (0, 27)

14 (0, 35)

0.432a

38 (35.5)

15 (34.9)

23 (35.9)

0.911

14 (13.1)

5 (11.6)

9 (14.1)

0.714

13 (12.1)

4 (9.3)

9 (14.1)

0.460b

Operation due to MRSA infection
Prosthesis removal
Drug-related adverse events during treatment, n (%)
Outcomes, n (%)
Treatment failure

30 (28.0)

10 (23.3)

20 (31.2)

0.367

All-cause mortality, n (%)

17 (15.9)

6 (14.0)

11 (17.2)

0.654

Change of initial antibiotics, n (%)

15 (14.0)

5 (11.6)

10 (15.6)

0.559

32 (15, 54)

0.017a

Hospital stay after onset of MRSA infection (days), median (IQR)

25 (13, 51)

23 (8, 41)

Relapse within 2 weeks after the termination of antibiotic treatment

15 (14.0)

5 (11.6)

10 (15.6)

0.559

Mortality attributable to MRSA, n (%)

10 (9.3)

2 (4.7)

8 (12.5)

0.171

IQR, Interquartile range; WBC, white blood cell; CRP, C-reactive protein; MRSA, methicillin-resistant Staphylococcus aureus .
a
P -values were obtained using Mann-Whitney U test.
b
P -values were obtained using Fisher’s exact test.
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Table 3. Comparison of antibiotic treatment outcomes between the patients received initial oral antibiotics and patients received sequential oral antibiotics among the 43 patients in the case group
Initial oral antibiotics
(n = 16)

Sequential oral antibiotics
(n = 27)

P -value

3 (0, 5)

1 (0, 4)

0.270a

3 (0, 21)

2 (0, 7)

0.549a

10 (0, 64)

8 (0, 23)

0.727a

5 (31.2)

5 (18.5)

0.460b

All-cause mortality, n (%)

3 (18.8)

3 (11.1)

0.655b

Mortality attributable to MRSA, n (%)

1 (6.2)

1 (3.7)

1.000b

25 (12, 36)

21 (5, 48)

0.990a

Variables
Duration of fever (≥38℃) after appropriate treatment (days), median (IQR)
Interval from onset to normalization of WBC
(days), median (IQR)
Interval from onset to normalization of CRP (days),
median (IQR)
Treatment failure, n (%)

Hospital stay after onset of MRSA infection (days),
median (IQR)

IQR, interquartile range; WBC, white blood cell; CRP, C-reactive protein; MRSA, methicillin-resistant Staphylococcus aureus .
a
P -values were obtained using Mann-Whitney U test.
b
P -values were obtained using Fisher’s exact test.

were 15.9% (17/107) and 9.3% (10/107) respectively. There
were no significant differences in the all-cause mortality and
MRSA-related mortality between the two treatment groups.
There was no significant difference observed in the duration
of fever and the time period from onset of MRSA infection to
normalization of WBC or CRP between the two treatment
groups after initiation of the appropriate antibiotic therapy
(Table 2). The median duration of antibiotic treatment in the
case and control groups was 28 days (IQR, 13-52 days) and 18
days (IQR, 11-38 days) respectively (P = 0.090). There was no
significant difference in the occurrence of drug-related adverse events between the two treatment groups (9.3% [4/43]
vs. 14.1% [9/64], P = 0.460) (Table 2). However, length of hospital stay after onset of MRSA infection was significantly shorter in the case group than in the control group [23 days (IQR,
8-41 days) vs. 32 days (IQR, 15-54 days), P = 0.017) (Table 2).
On the other hand, there was no significant difference in comparison of antibiotic treatment outcomes and related adverse
events between the patients who received initial oral antibiotics and patients who received sequential oral antibiotics
among the 43 patients in the case group (Table 3).
In the univariate analysis, predictors associated with treatment failure were found at the 5% significance level (Table 4).
As the results, in the multiple logistic regression model, the
antibiotic type (case group or control group) was not an independent risk factor for treatment failure in the patients with
MRSA infections, regardless of variable selection (Table 5).
The statistically significant factors associated with treatment
failure included underlying hepatic diseases (odds ratio [OR]:
7.39; 95% confidence interval [CI], 1.48 to 36.84), prior receipt

of antibiotics (OR: 4.01; 95% CI: 1.48 to 10.88), and foreign
body retention (OR: 6.07; 95% CI: 1.64 to 22.37) (Table 4). The
P-values for the Hosmer–Lemeshow goodness-of-fit test were
greater than 0.05. Hence, each final model was a good fit for
the data.

Discussion
This multicenter study compared the clinical efficacy and
safety of intravenous glycopeptide use alone versus oral
non-β-lactam antibiotic use after intravenous antibiotics, in
the treatment of patients with MRSA infection. This study
showed that oral non-β-lactam antibiotic therapy, that MRSA
isolates are susceptible to, can be considered as the initial or
step-down therapy for the treatment of MRSA infection. Particularly, oral antimicrobial therapy significantly reduces the
length of hospital stay.
This study covered diverse primary sources of MRSA infections, but excluded pneumonia due to its ambiguous aspect of
diagnosis. The most common sites of MRSA infection were the
skin and soft tissue (26.2%) and the bone and joints (24.3%).
In the previous studies, CA-MRSA has primarily been described as a cause of skin and soft-tissue infections [21], acute
ear infections [1], and necrotizing pneumonia [22-24]. Although these studies are not the large-scaled cohort studies
for the patients with a single primary focus, these data demonstrated that CA-MRSA isolate can be considered as the causative microorganism in the patients with skin and soft tissue
infections.
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Table 4. Bivariate analysis of risk factors associated with treatment failure in the 107 patients with MRSA infections
Treatment outcome

All
(n=107)

Variables

Success
(n=77, 72.0%)

Failure
(n=30, 28.0%)

P -value

Antibiotic type (control group), n (%)

64 (59.8)

44 (57.1)

20 (66.7)

0.367

Male, n (%)

52 (48.6)

37 (48.1)

15 (50.0)

0.856

Median age (years), median (IQR)

63 (47, 72)

63 (47, 74)

61 (51, 71)

0.744 a

104 (97.2)

74 (96.1)

30 (100)

0.558a

Community-acquired

48 (44.9)

38 (49.4)

10 (33.3)

0.235

Healthcare-associated

25 (23.4)

17 (22.1)

8 (26.7)

0.614

Nosocomial

34 (31.8)

22 (28.6)

12 (40.0)

0.254

Cardiovascular

53 (49.5)

37 (48.1)

16 (53.3)

0.624

Central nervous system

23 (21.5)

19 (24.7)

4 (13.3)

0.200

Malignancy

15 (14.0)

10 (13.0)

5 (16.7)

0.757a

Renal

Hospitalization due to MRSA infections, n (%)
Category of infection, n (%)

Comorbid illness, n (%)

18 (16.8)

13 (16.9)

5 (16.7)

0.979

Hepatic

9 (8.4)

3 (3.9)

6 (20.0)

0.014a

Respiratory

8 (7.5)

6 (7.8)

2 (6.7)

1.000a

36 (33.6)

27 (35.1)

9 (30.0)

0.618

2 (0, 4)

2 (0, 4)

2 (1, 6)

0.030b

Development of severe sepsis or septic shock

22 (20.6)

13 (16.9)

9 (30.0)

0.132

Foreign body retention

38 (35.5)

6 (7.8)

8 (26.7)

0.021a

Metabolic
Charlson comorbidity index, median (IQR)
Clinical severity at the onset of MRSA infections, n (%)

C-reactive protein (mg/L), median (IQR)

6 (2, 23)

6 (2, 24)

9 (3, 22)

0.576

3

Platelet < 100,000/ mm

10 (11.1)

7 (10.6)

3 (12.5)

0.723a

Prior antibiotics use, n (%)

35 (32.7)

20 (26.0)

15 (50.0)

0.017

Operation, n (%)

34 (31.8)

20 (26.0)

14 (46.7)

0.039

c

Corticosteroid , n (%)

14 (13.1)

9 (11.7)

5 (16.7)

0.530

Appropriate empirical antibiotic therapy, n (%)

64 (59.8)

26 (35.1)

17 (53.3)

0.083

IQR, interquartile range; MRSA, methicillin-resistant Staphylococcus aureus.
a
P -values were obtained using Fisher’s exact test.
b
P -values were obtained using Mann-Whitney U test.
c
Corticosteroid use was defined as the receipt of more than or equal to 20 mg/day prednisone equivalent for more than 5 days within the previous three months.

In an analysis of 107 MRSA strains, more than 90% of isolates retained susceptibility to TMP/SMX (100%), ciprofloxacin (87.9%), and clindamycin (88.8%). Two studies performed
in Korea demonstrated that susceptibility rates to TMP/SMX,
ciprofloxacin, and clindamycin were 96%, 46%, and 17% and
86.4%, 25%, and 38.2%, respectively [1, 2]. Compared to those
of the previous studies, susceptibilities to ciprofloxacin and
clindamycin were higher in our study. Based on those studies,
the most favorable antibiotic for empirical therapy in patients
suspected with CA-MRSA infection was TMP/SMX, similar to
the results of our study. However, the Food and Drug Administration has not approved TMP/SMX for the treatment of MRSA

infections. Although there are no randomized, controlled trials
to support the use of this combination of antibiotic for patients,
TMP/SMX has shown successful results in a small number of
patients with CA-MRSA infections, and it exhibits bactericidal
action against strains of CA-MRSA in vitro [25-27].
On the other hand, resistance rate of MRSA to ciprofloxacin
and clindamycin differs among studies. Although this discrepancy may be owing to differences in methodology used for
antimicrobial susceptibility testing, including test for inducible clindamycin resistance, the regional characteristics may
also influence antimicrobial susceptibility patterns. Thus, the
empirical choice of a specific antimicrobial agent should de-
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Table 5. Multiple logistic regression analysis of risk factors associated with treatment failure in the 107 patients with MRSA infections
Multivariate logistic regression analysis
without variable selection

Independent variable

OR (95% CI for OR)

P-value

Antibiotic type (control group)

1.06 (0.38-3.00)

0.908

Charlson comorbidity index (per a point)

1.10 (0.90-1.34)

0.369

Underlying hepatic diseases (yes)

6.74 (1.27-35.71)

0.025

Prior surgery (yes)

1.53 (0.51-4.59)

0.400

Prior receipt of antibiotics (yes)

2.94 (0.89-9.74)

Foreign body retention (yes)

5.40 (1.44-20.3)

a

Multivariate logistic regression analysis
with forward variable selection
OR (95% CI for OR)

P-value

7.39 (1.48-36.84)

0.015

0.078

4.01 (1.48-10.88)

0.006

0.013

6.07 (1.64-22.37)

0.007

OR, odds ratio; 95% CI, 95% confidence interval; MRSA, Methylene-resistant Staphylococcus aureus.
a
Prior antibiotic exposure was defined as administration of more than 3 doses of antibiotics, within 3 months before the occurrence of MRSA infection.

pend on local susceptibility patterns, which implies that the
results of our study may not be representative of the larger
population with CA-MRSA infections.
Despite an understanding of microbiological and epidemiological features, there is no clearly established definition of
CA-MRSA. This has led to the use of several different definitions to describe CA-MRSA, including susceptibility to clindamycin or ciprofloxacin, non-multidrug resistance, presence of
the staphylococcal cassette chromosome mec (SCCmec) IV or
V, being Panton-Valentine leukocidin positive, causing community-onset infection combined with a lack of hospital-acquired factors and without previous history of being MRSA
positive [17]. Of these, the definition based on antibiotic susceptibility may be useful for therapy in clinical practice if antibiotics, to which MRSA is susceptible, including non-β-lactam
antibiotics, are made available for the treatment of patients
with MRSA infection.
Multiple logistic regression analysis showed that the antibiotic type, based on the two treatment groups, was not a significant risk factor associated with treatment failure. These results suggest that oral antibiotics can be a safe and effective
treatment option for MRSA infections. With an increase in the
incidence of CA-MRSA infection, inexpensive oral agents
commonly recommended for the treatment of CA-MRSA infections include clindamycin, doxycycline, minocycline, TMP/
SMX, ciprofloxacin, rifampin, or fusidic acid as off-label antibiotic use [5-11, 28, 29]. However, clinical evidence supporting
the efficacy of non-β-lactam antibiotics against MRSA is still
insufficient. Furthermore, no studies have compared
non-β-lactam antibiotics, which are available as alternative
oral agents, with glycopeptides in adult patients with MRSA
infection. Furthermore, the median duration of antibiotic
treatment in the case and control groups was 28 days (IQR,

13-52 days) and 18 days (IQR, 11-38 days) respectively (P =
0.090).
Although the difference is not statistically significant, the
median duration of antibiotic treatment in the case group was
longer than that in the control group. This finding might result
from the difference between out-patient setting in the case
group and in-patient setting in the control group.
This study has some limitations. First, this study was not a
randomized clinical trial as the physicians made the choice of
antibiotic treatment. Therefore, the patients who were prescribed glycopeptides might have had a more severe infection.
However, severity scales including Charlson comorbidity index, presence of severe sepsis or fever, and level of WBC or
CRP were used to compare between the two groups. Second,
the patients in the case group were often switched to different
antibiotics if they showed treatment failure of primary antibiotic therapy against MRSA infection. Particularly, 27 case patients (62.8%) who were sequentially prescribed non-β-lactam
antibiotics had already received intravenous glycopeptide
therapy. Thus, these alterations may have influenced the treatment outcomes. In addition, this study failed to evaluate the
clinical effect of the alternative antibiotics owing to the small
number of study subjects. Lastly, the clinical efficacy of each
antibiotic therapy may differ according to the primary site of
MRSA infection. Although this study covered diverse site of
MRSA infections, there is a need for future investigations to
analyze patients with a single infection focus.
In conclusion, this multicenter study indicates that it is important to recognize that non-β-lactam antibiotics appear to
be a useful alternative therapy against MRSA infections and
may reduce the length of hospital stay, provided in vitro susceptibility against MRSA can be demonstrated. However, prospective large scale investigations are needed to further evalu-
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ate the efficacy and safety of these antibiotics.
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