
ORIGINAL ARTICLE

Anti-MRSA drug use and antibiotic susceptibilities
of MRSA at a university hospital in Japan
from 2007 to 2011

Katsumi Shigemura1, Kayo Osawa2, Akira Mukai2, Hiroyuki Yoshida2, Masato Fujisawa1 and Soichi Arakawa1,2

The purpose of this study is to examine the use of anti-methicillin-resistant Staphylococcus aureus (MRSA) drugs, such as

vancomycin (VCM), teicoplanin (TEIC), arbekasin (ABK) and linezolid (LZD), and the antibiotic susceptibilities of MRSAs in

Kobe University Hospital. We investigated MRSA isolation and use of anti-MRSA drugs and susceptibilities of MRSA, using

linear regression analysis, from 2007 to 2011, and checked for correlation between the use of these drug and the antibiotic

susceptibilities of MRSA. The overall monthly isolation rates of MRSA decreased from a mean of 84.8% in 2007 to 70.0% in

2011 (r¼0.946, P¼0.015, b¼ �0.220), and the monthly isolation rate of MRSA in inpatients decreased from a mean of

78.6% in 2007 to 57.7% in 2011 (r¼0.952, P¼0.012, b¼ �0.160). From 2007 to 2011, VCM consumption significantly

increased (r¼0.916, P¼0.029, b¼0.055), whereas TEIC and LZD use remained stable during the study period. In addition,

ABK use significantly decreased from 23.8 defined daily dose (DDD) per 1000 patient-days in 2007 to 5.2 DDD per 1000 in

2011 (r¼0.902, P¼0.036, b¼ �0.216). Susceptibility rates of MRSA were almost 100% to TEIC and VCM. The rates of

MRSA to ABK and LZD significantly increased (r¼0.959, P¼0.010, b¼2.137 for ABK and r¼0.933, P¼0.020, b¼3.111

for LZD). In conclusion, our findings indicated a decreased MRSA isolation rate and the effective use of anti-MRSA drugs

(VCM, TEIC, ABK and LZD), and improved susceptibility rates to anti-MRSA drugs, suggesting the possibilities that appropriate

and early use of anti-MRSA drugs may cause the decrease of MRSA isolation.
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INTRODUCTION

Many resistant strains have been reported recently, and physicians and
researchers have focused on their treatment or eradication, but
challenges remain. Resistant strains may cause several problems:1,2

(1) the available antibiotics are limited; (2) methicillin-resistant
Staphylococcus aureus (MRSA) tends to cause hospitalized
infections; (3) resistant strains may be partly generated by
inappropriate antibiotic use; (4) it is difficult to discriminate
between infection and colonization, and the treatment indications
may not be clear in some cases; (5) the rates of antimicrobial
resistance may be higher in countries with higher rates of
antimicrobial consumption.
MRSA is one of representative resistant strains, and research for its

prevention and treatment was carried out.3–5 The concept that MRSA
infection presents different indications for treatment and diagnoses of
colonization is controversial, but the differential diagnosis between
bacterial infection and bacterial colonization is necessary to prevent
unnecessary use of anti-MRSA drugs.6,7

Currently, four or five types of established anti-MRSA drugs are
available in Japan.8,9 The representative anti-MRSA drug vancomycin
(VCM) has been reported to have lost its clinical effectiveness because
of the development of MRSA strains with resistance or reduced
susceptibility to VCM.10–14 This might be, in part, the result of
repeated use of this drug, including its unnecessary use for MRSA
colonization, for instance.15–17

The treatment of staphylococcal infections has become more
challenging because of the following: (1) a rising frequency of
isolation of multidrug-resistant isolates, particularly in the subset of
infections caused by MRSA; (2) emergence of highly virulent
strains of MRSA in the community setting; and (3) lack of
clinical data to reliably support the use of antibiotics containing
VCM in the treatment of severe infections caused by S. aureus.
Moreover, the emergence and spread of resistance to compounds
used as alternatives of VCM (that is, linezolid (LZD)) appears to be
on the rise among clinical isolates of MRSA. To prevent the spread of
resistant pathogens, it is necessary to detect resistant pathogens
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and monitor antimicrobial consumption volumes and bacterial
susceptibilities.18

In this study, we examined recent anti-MRSA drug use and MRSA
isolations in patients, and susceptibilities to anti-MRSA drugs, such
as VCM, teicoplanin (TEIC), arbekasin (ABK) or LZD, to grasp
recent MRSA.

RESULTS

MRSA isolation
A total of 7200 specimens of S. aureus were isolated during the study
period and were tested for methicillin resistance. The overall isolation
rates of the monthly analyzed MRSA decreased from a mean of 84.8%
in 2007 to 70.0% in 2011 (r¼ 0.946, P¼ 0.015, b¼ �0.220), and the
monthly isolation rate of MRSA in inpatients decreased from a
mean of 78.6% in 2007 to 57.7% in 2011 (r¼ 0.952, P¼ 0.012,
b¼ �0.160), whereas the monthly isolation rate of MRSA in
outpatients increased from a mean of 6.2% in 2007 to 12.4% in
2011 (r¼ 0.949, P¼ 0.014, b¼ 0.553; Figure 1 and Table 1).

Annual anti-MRSA drug consumption
The use of each individual antimicrobial agent varied with time
(Figure 2 and Table 2). VCM consumption significantly increased
from a mean of 78.1 defined daily dose (DDD) per 1000 patient-days
in 2007 to 130 DDD per 1000 patient-days in 2011 (r¼ 0.916,
P¼ 0.029, b¼ 0.055). In contrast, TEIC and LZD use remained stable
during the study period (r¼ 0.790, P¼ 0.112, b¼ �0.137 for TEIC

and r¼ 0.723, P¼ 0.167, b¼ 0.254 for LZD). In addition, the trend in
consumption of ABK significantly decreased from 23.8 DDD per 1000
patient-days in 2007 to 5.2 DDD per 1000 patient-days in 2011
(r¼ 0.902, P¼ 0.036, b¼ �0.216).

Susceptibilities to anti-MRSA drugs
The antibiotic susceptibility rates of MRSA to VCM, TEIC, ABK and
LZD every year are shown in Table 3. A total of 3171 MRSA isolates
were tested for susceptibility. Susceptibility rates of MRSA were all
100% to TEIC and to VCM, except to VCM in 2010 which was
99.8%. From 2007 to 2011, the susceptibility rates of MRSA to ABK
significantly increased from 95.8% in 2007 to 97.7% in 2011
(r¼ 0.959, P¼ 0.010, b¼ 2.137), and those of MRSA to LZD
significantly increased from 98.9% in 2007 to 100% in 2011
(r¼ 0.933, P¼ 0.020, b¼ 3.111).

DISCUSSION

MRSA have been recognized as representative resistant strains and
their isolation has been recently reported to be increasing.19,20 VCM,
TEIC, ABK and LZD have been established as anti-MRSA drugs for
worldwide use. In the last couple of years, newly established
daptomycin have become commercially available.21,22

In our hospitals, physicians check the therapeutic drug monitoring
of VCM or TEIC every 2–3 days to determine appropriate doses for
treatment and the risks of adverse events, such as renal dysfunc-
tion.23,24 This measure can be useful for several reasons: (1) to
familiarize physicians with current antibiotic pharmacokinetics/
pharmacodynamics theories; (2) to prevent drug-induced adverse
events by paying attention to therapeutic drug monitoring; and (3) to
rapidly report to the infection control team or Department of
Infectious Diseases if a treatment is not effective and a patients’
condition is not improving. It is also important to discuss diagnoses
and consider whether the isolation of bacteria represents infection or
bacterial colonization, to prevent the unnecessary use of antibiotics.
In the present study, the first finding was that the trend in the rate

of MRSA isolation significantly decreased during the study period. In
particular, the trend in the rate of MRSA inpatients significantly
decreased, suggesting that the change and diversification of the
characterization of outpatients have been shown, and this was
supported by the studies showing that community-acquired MRSA
has been increasing.25–27 The second finding was that the trend in the
overall consumption of anti-MRSA drugs (ABK) significantly
decreased. TEIC and LZD use remained stable, while VCM use
significantly increased. The third finding was that the high
susceptibilities of MRSA to VCM and TEIC remained stable in the
study periods, and the trend in the susceptibilities to ABK and LZD
significantly increased. Furthermore, our data revealed a good
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Figure 1 Evolution of the monthly % of clinical methicillin-resistant

Staphylococcus aureus (MRSA) isolated from total patients, and the

monthly % of MRSA isolated from inpatients and outpatients, January 2007
to December 2011.

Table 1 Trends of monthly MRSA isolation rates, 2007–2011

Isolation rate (%)

Organism 2007 2008 2009 2010 2011 r P b

Number of S. aureus isolates 1700 1813 1297 1235 1155 — — —

MRSA 84.8 84.4 74.3 73.3 70.0 0.946 0.015 �0.220

MRSA (inpatient) 78.6 78.5 65.0 63.5 57.7 0.952 0.012 �0.160

MRSA (outpatient) 6.2 5.9 9.4 9.8 12.4 0.949 0.014 0.553

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
r, correlation coefficient; b, regression coefficient.
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association between the susceptibility rates of MRSA and the
consumption of TEIC, ABK and LZD. This finding indicated that
the decrease in total antibiotic use was significant and might be the
main trigger of improved drug susceptibility. These results suggest
that the enhanced support of the infection control team at the Kobe
University Hospital has been effective of this time period because of
the intervention of these drug uses, the reports of MRSA isolations
and their susceptibilities to these drugs. Infection control team was
established in 2002, to prevent the occurrence and spread of hospital-
acquired infection in our hospital.
Other studies have reported that MRSA prevalence was associated

with the use of antibiotics containing glycopeptides.28,29 From 1996 to
2003, a noticeable rise in MRSA was significantly correlated with the
increased consumption of glycopeptides, and switching to other anti-
MRSA drugs, such as daptomycin, was recommended.27 Recently

Meyer et al.29 reported on trends in MRSA resistance and
glycopeptides consumption in Germany from 2001 to 2008.28

Surveillance of antibiotic-resistant bacteria isolation rates and
changes in drug susceptibility are critical information for hospital
infection control. Our results of decreased isolation rate of MRSA and
increased use of VCM with keeping good susceptibilities to VCM
possibly may be valued as the following points: (1) the physicians who
take care that infected patients tended to use VCM as the initial
antibiotic treatment more often than before once MRSA infection was
suspected, partly owing to the intervention by infection control team
and spread of VCM therapeutic drug monitoring report; and (2)
this trend and treatment finally led to inhibition of MRSA
isolation.30,31

There were some limitations to this study. This study was a
retrospective study and included all the isolates obtained from the
hospital, meaning that the culture test orders depended on the
physicians’ discretion and no interventions were included.
In conclusion, we found increased use of anti-MRSA drugs and good

susceptibilities (almost 100%) to anti-MRSA drugs, and decreased
MRSA isolation over a 5-year period. This may suggest the possibilities
that appropriate and early use of anti-MRSA drugs may cause these
results. Further surveillance will be necessary to monitor MRSA
isolation and the consumption of anti-MRSA drugs, to maintain good
susceptibilities of MRSA to anti-MRSA drugs.

METHODS

MRSA bacteria
The materials were MRSA isolated during the period between January 2007

and December 2011 in our institution. Isolates were taken from samples of

urine, sputum, blood, nasal secretions or pus. The bacteria were from the

isolation of 105 or more colony-forming units per ml in urine specimens, 1 or

more colonies in 10ml of blood in blood specimens, 1 or more colonies in

sputum specimens, 1 or more colonies per plate in nasal secretions and 1 or

more colonies in pus specimens.

Anti-MRSA drug use
We totaled the amount of anti-MRSA drugs (VCM, TEIC, ABK and LZD) used

every month whole in the hospital based on the calculation of the number of

vials ordered in the hospital pharmacy. These monthly data on anti-MRSA

drug use were obtained from the computerized pharmacy databases. Con-

sumption was expressed as DDD and normalized per 1000 patient-days. The

DDD are the standard adult daily dose of an antimicrobial agent for a 1-day

treatment defined by the World Health Organization.32

Susceptibility testing
Bacterial susceptibility tests to anti-MRSA drugs were performed, and the

results were interpreted and reported using the reference broth microdilution

method as described by the Clinical and Laboratory Standards Institute.33

Minimal inhibitory concentration was defined as the lowest antimicrobial

concentration that totally inhibited bacterial growth. Susceptibilities were
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Figure 2 Monthly consumption (defined daily dose (DDD) per 1000 patient-

days) of vancomycin (VCM), teicoplanin (TEIC), arbekasin (ABK) and

linezolid (LZD), January 2007 to December 2011.

Table 2 Annual consumption of anti-MRSA drugs, 2007–2011

Antimicrobial consumption

(DDD/1000 patient-days) by year

Anti-MRSA drugs 2007 2008 2009 2010 2011 r P b

VCM 78.1 92.6 120.4 141.0 130.0 0.916 0.029 0.055

TEIC 47.5 32.9 24.7 30.6 25.8 0.790 0.112 �0.137

ABK 23.8 14.7 14.8 14.4 5.2 0.902 0.036 �0.216

LZD 8.0 4.3 4.5 11.9 14.5 0.723 0.167 0.254

Abbreviations: ABK, arbekasin; DDD, defined daily dose; LZD, linezolid; MRSA, methicillin-
resistant Staphylococcus aureus; TEIC, teicoplanin; VCM, vancomycin.
r, correlation coefficient; b, regression coefficient.

Table 3 Susceptibility rates of MRSA to the anti-MRSA drugs, 2007–2011

Organism/antimicrobial agent 2007 2008 2009 2010 2011 r P b

Tested number of MRSA isolates 760 715 584 555 557 — — —

VCM 100 100 100 99.8 100 0.354 0.559 �6.250

TEIC 100 100 100 100 100 — — —

ABK 95.8 96.6 97.1 97.1 97.7 0.959 0.010 2.137

LZD 98.9 99.2 99.1 99.8 100 0.933 0.020 3.111

Abbreviations: AKB, arbekasin; LZD, linezolid; TEIC, teicoplanin; VCM, vancomycin.
r, correlation coefficient; b, regression coefficient.
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evaluated by the Clinical and Laboratory Standards Institute category, and we

tested bacterial strains against the following anti-MRSA drugs: VCM, TEIC,

ABK and LZD. Susceptibility data were analyzed for each year. S. aureus

ATCC29213 was used for quality control.

Statistical analyses
Statistical analysis was conducted using linear regression analysis with the

PASW Statistics 17.0 software package (for Windows; SPSS, Chicago, IL, USA).

The trends in MRSA isolation rate and annual consumption of antimicrobial

agents were analyzed for each month, and the susceptibility of isolated strains

to antimicrobial agents was analyzed for each year. Statistical significance was

established at the 0.05 level.
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