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Abstract
Aim: The present study aimed to determine longitudinal changes in the background of patients with communityacquired methicillin-resistant Staphylococcus aureus (CA-MRSA) and those in the susceptibility of CA-MRSA to
antibiotics in a tertiary center.
Methods: The characteristics of MRSA isolates and patients between October 2005 and December 2011 were
determined. This period was divided into two: the first half was from October 2005 to December 2008 and the
second half was from January 2009 to December 2011. Data of age and sex of patients, and date and site of
isolation were obtained. Antimicrobial susceptibility was examined for each period. Multiplex polymerase chain
reaction methods were used to determine Staphylococcal cassette chromosome mec types and MRSA typing.
Results: A total of 513 MRSA isolates were identified. Of 265 and 248 MRSA strains in the first and second
halves of the study period, 51 (19%) and 50 (20%) strains, respectively, were CA-MRSA. The prevalence of CAMRSA was highest in patients aged in the 80s and CA-MRSA was mainly isolated from the nose/pharynx.
Antimicrobial resistance increased from the 2005-2008 to 2009-2011 periods for erythromycin (p=0.03), levofloxacin
(p=0.003), imipenem (p=0.01), fosfomycin (p=0.02), and minocycline (p<0.001), but not for gentamicin, clindamycin,
rifampicin, and vancomycin.
Conclusions: CA-MRSA accounts for 20% of total MRSA isolates in Japan. Ages of subjects with CA-MRSA and
isolation sites have changed from the emerging stage to recent years. Antibiotic resistance has significantly
increased in a tertiary hospital in Japan.
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) is one of the
major microorganisms of health-care associated infections. Methicillin
resistance in staphylococci is associated with acquisition of a large
transmissible element known as staphylococcal cassette chromosome
mec (SCCmec) [1]. MRSA, which is associated with health-care
associated infection and has wide-ranging drug resistance, is termed
hospital-associated MRSA (HA-MRSA). Three types of SCCmec
elements (types I, II, and III) are mostly carried by HA-MRSA strains.
Since the late 1990s, a different type of MRSA has emerged. This
type is associated with skin and soft tissue infections and severe
systemic infections, such as sepsis and necrotizing pneumonia, in
healthy children or adolescents, and otherwise healthy individuals in
the community [2]. This particular type is called community-acquired
MRSA (CA-MRSA). CA-MRSA has smaller types of SCCmec than
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other types of MRSA, mainly type IV. CA-MRSA strains are
increasingly implicated in health-care associated infections [3]. CAMRSA is usually more susceptible to some antibiotics than HA-MRSA,
such as erythromycin, clindamycin, levofloxacin, and carbapenems
[4]. Recently, antimicrobial resistance has steadily increased in certain
lineages [5]. However, no data are available concerning longitudinal
changes in clinical epidemiology and bacterial susceptibilities to drugs
in one area.
Therefore, the present study aimed to determine longitudinal
changes in clinical epidemiology, including the background of patients
and changes in the susceptibility of CA-MRSA to antibiotics, in a
tertiary center for cardiovascular diseases, stroke, and cancer.
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Materials and Methods
Bacterial isolates
Stock of MRSA had been collected since October 2005 in our
hospital. Characteristics of MRSA isolates between October 2005 and
December 2011 were determined retrospectively. This period was
divided into two: the first half of the study period was from October
2005 to December 2008 and the second half of the study period was
from January 2009 to December 2011. MRSA was clinically screened
by MRSA screening plates (E-MS97; Eiken, Tokyo, Japan), and finally
determined when the mecA gene was present by polymerase chain
reaction. Only one isolate based on the results of the genotyping of
MRSA was selected from each patient.

Characteristics of patients
Data of age and sex of the patients, and date and site of isolation
were obtained. Patients were classified as inpatient or outpatient
groups. When the patient had a history of hospitalization, surgery,
residency in a long-term care facility, and hemodialysis or peritoneal
dialysis, the patient was classified as the inpatient group [6].

Prevalence of acquisition of CA-MRSA by age group
The details of data of patients who were admitted to our hospital
during the study period were available only for the second half of the
study period from 2009 to 2011, because the computer system of the
Medical Coding Division in our hospital was changed. During the
second half of the study period, the number of admissions was
counted as one for a patient when the patient was admitted multiple
times to determine the prevalence of acquisition of MRSA in patients.

Pos BP Combo 41J (Siemens Healthcare Diagnostics) from January
2005 to October 2010 and MicroScan® Pos BP Combo 3.2B (Siemens
Healthcare Diagnostics) from November 2010 and December 2012.
Susceptibility to the following antimicrobial drugs was determined
according to the product documents for Staphylococcus species:
erythromycin ≤ 0.5 μg/mL, clindamycin ≤ 0.5 μg/mL, minocycline ≤ 4
μg/mL, levofloxacin ≤ 2 μg/mL, imipenem ≤ 4 μg/mL, gentamicin ≤ 4
μg/mL, fosfomycin ≤ 4 μg/mL, rifampicin ≤ 1 μg/mL, and vancomycin
≤ 2 μg/mL.

Genotyping of MRSA
Multiplex polymerase chain reaction methods were used to
distinguish Staphylococcal cassette chromosome (SCC) mec types [9].
SCC types IV and V were classified as CA-MRSA. The presence or
absence of Panton-Valentine genes (leuS/F and leuM) was determined
[10]. Molecular typing of MRSA was performed to classify clinical
isolates based on mec hypervariable region length polymorphisms
[11]. The presence or absence of Staphylococcal enterotoxin genes A
(sea), seb, sec, and see, and toxic shock syndrome toxin-1 gene (tst)
was also used for molecular typing [12].

Statistical analysis
Differences in the mean values and prevalence were examined using
the Mann-Whitney U test and Fisher’s exact probability test,
respectively. Statistical analysis was performed using IBM® SPSS®
Statistics Version 21.0 (IBM Japan, Ltd., Tokyo, Japan). A two-tailed
probability value of <0.05 was considered statistically significant.

Results
Number of isolates of CA-MRSA

Infection and colonization rates in the present study
The presence of infection by MRSA was determined using the
standard infection definitions [7]. MRSA colonization was assumed to
be present in the absence of clinical signs and symptoms [8]. The
infection or colonization rates in the present study were calculated as
(number of inpatients with infection or colonization) / (number of
admitted patients) during the study periods.

Antimicrobial susceptibility testing
Antimicrobial susceptibility was examined using the MicroScan
WalkAway® System 40SI (Siemens Healthcare Diagnostics, West
Sacramento, CA, USA). Panels used in the system were MicroScan®

A total of 513 MRSA isolates were identified in the study period. Of
265 and 248 MRSA strains in the first and second halves of the study
period, 51 (19%) and 50 (20%) strains, respectively, were CA-MRSA.
All of the CA-MRSA in the present study had type IV SCCmec. Figure
1 shows the prevalence of CA-MRSA among total MRSA between
2005 and 2011. The prevalence of CA-MRSA among total MRSA
significantly increased from 2005 to 2008 (from 12/89 to 20/70,
p=0.03) and decreased from 2008 to 2011 (from 20/70 to 12/89,
p=0.03) (Figure 1). However, the prevalence of CA-MRSA was similar
between the first and the second half of the study period (51/265 and
50/248, respectively, p=0.82). None of the CA-MRSA isolates had
Panton-Valentine leukocidin genes.

CA-MRSA

HA-MRSA

1st half (n=51)

2nd half (n=50)

p value#

1st half (n=214)

2nd half (n=198)

p value#

Age

54.8 ± 31.3**

67.6 ± 21.2

0.03

72.1 ± 15.5

74.1 ± 14.0

0.09

Gender (M/F)

30/21*

32/18

0.68

163/51

137/61

0.12

Nose/Pharynx

25 (49%)

17 (34%)

0.16

43 (20%)

31 (16%)

0.25

Sputum/Bronchial‡

11 (22%)

12 (24%)

0.82

94 (44%)

79 (40%)

0.43

Blood

5 (10%)

2 (4%)

0.44

9 (4%)

18 (9%)

0.049

Isolation sites
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Skin/wound

4 (8%)

9 (18%)

0.15

13 (6%)

27 (14%)

0.01

Urine

0

4 (8%)

0.06

28 (13%)

24 (12%)

0.88

Stool

4 (8%)

1 (2%)

0.36

17 (8%)

7 (%)

0.06

#; Statistical analysis was performed between the first- and second-half periods in CA-MRSA and HA-MRSA groups, respectively.
‡; Specimen from bronchial lavage
*, **;

Statistical analysis was performed between CA-MRSA and HA-MRSA groups in the first-half period. *; p<0.05, **; p<0.01

Table 1: Characteristics of patients with MRSA
period were adults (>50 years old) and all isolates were grown from the
nose/throat.
The number of patients having CA-MRSA (Figure 2a) and HAMRSA (Figure 2b) by age groups at a 10-year-interval were
determined in the second half of the study period. Because some
patients had admitted more than once, one admission was counted
from one subject. The prevalence of possessing CA-MRSA (Figure 3a)
and HA-MRSA (Figure 3b) among admitted patients for each age
group was highest in the 80s and 90s age groups, respectively. The
prevalence of possessing CA-MRSA and HA-MRSA was second
highest in the 0-9 age group and in the 80th age group, respectively.

Figure 1: Numbers of patients with community acquired MRSA
(CA-MRSA) and hospital acquired MRSA (HA-MRSA) from 2006
to 2011.
Numerical numbers in the white and gray columns were those of
patients with HA-MRSA and CA-MRSA, respectively. Proportions of
CA-MRSA to total MRSA in each year were expressed in parenthesis.
The data in 2005 was removed from Figure 1 to compare annual cases
with MRSA, because the data of 2005 included those during three
months (from October to December).

Figure 2: Numbers of patients with CA-MRSA (a) and HA-MRSA
(b) by age groups at a 10-year-interval in the second half of the
study period.
Numbers of in-patients and out-patients with MRSA were
expressed as numerical numbers in or near the white and gray
columns.

Characteristics of the patients
The mean age of patients with CA-MRSA in the second half of the
study period was significantly higher than that in the first half (p=0.03)
(Table 1). The mean age in the CA-MRSA group was significantly
lower than that in the HA-MRSA group in the first half of the study
(p<0.001). However, this difference was not observed in the second
half of the study period. The prevalence of female patients in the CAMRSA group was higher than that in the HA-MRSA group in the first
half of the study period (p=0.01). Isolation sites were not different
between the first and second half of the study period in the CA-MRSA
group. Five patients were outpatients in each of the first and second
halves of the study period. Three of the five patients in the first half of
the study period were infants (<1 year old). One of these three isolates
was grown from a skin lesion and remaining two isolates were grown
from the nose/throat. All five patients in the second half of the study
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Infection

15
(0.08%)

15
(0.07%)

ns

76
(0.39%)

70
(0.34%)

ns

Colonization

17
(0.09%)

15
(0.07%)

ns

24
(0.12%)

31
(0.15%)

ns

Table 2: Infection and colonization rates in the present study

Comparison of drug susceptibility
Resistance of CA-MRSA to erythromycin (p=0.03), levofloxacin
(p=0.003), imipenem (p=0.01), fosfomycin (p=0.02), and minocycline
(p<0.001) significantly increased from the first half to the second half
of the study period (Figure 4a). Susceptibility to clindamycin and
gentamicin was not significantly different between the two halves of
the study period. All CA-MRSA isolates were sensitive to rifampicin
and vancomycin. The percentages of antimicrobial resistance of CAMRSA with type IV SCCmec to antibiotics in the literature and data of
the first half of the study period in the present study were shown in
Table 3.
Concerning HA-MRSA, resistance to minocycline (p<0.001)
significantly increased from the first half to the second half of the
study period (Figure 4b).

Figure 3: The prevalence (percent) of patients with CA-MRSA (a)
and HA-MRSA (b) among total admitted patients for each age
group. Because some patients had admitted more than once, one
admission was counted from one subject.

Infection and colonization rates in the present study
Nosocomial infection rate of CA-MRSA and HA-MRSA in the first
half periods were 0.05% and 0.38%, respectively (Table 2). The rates
were not significantly changed between the first and second periods.
CA-MRSA

HA-MRSA

1st half 2nd half p
(n=51)
(n=50)
value#

1st half 2nd half p
(n=214)
(n=198)
value#

5

5

25

16

Infection

10
(0.05%)

10
(0.05%)

ns

75
(0.38%)

55
(0.27%)

0.053

Colonization

4
(0.02%)

5
(0.02%)

ns

14
(0.07%)

26
(0.13%)

ns

Outpatients
Nosocomial
transmission*

Carriers
at
admission*
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The data of the first half period in the present study was shown to match the
study periods.

Table 3: Percentage of resistance to antibiotics in the literature and the
present study

Discussion
The present study showed that CA-MRSA accounts for 20% of total
MRSA isolates in Japan, and those ages of subjects with CA-MRSA
and isolation sites have changed from the emerging stage to recent
years. Antibiotic resistance has significantly increased in a tertiary
hospital in Japan.
Isolation of CA-MRSA during the study period was highest in 2008.
However, the proportion of CA-MRSA to HA-MRSA was similar
between the first (19%) and second (20%) halves of the study period.
Yanagihara et al. reported that the percentage of SCCmec IV was 20%
among a total of 857 cases of MRSA isolated in a nationwide study in
Japan conducted from 2008 to 2009 [13]. Motoshima et al. also
reported a similar proportion of CA-MRSA during 2002-2007, with
20.2% of 155 MRSA isolates in 2002-2003, 20.9% of 164 isolates in
2004-2005, and 21.5% of 162 isolates in 2006-2007 [14]. These data
suggest that the proportion of CA-MRSA to total MRSA isolates
among patients in recent years is approximately 20% in Japan. The
proportion of MRSA outside Japan was similar in USA (20%) [15],
Canada (23%) [8], and Asian countries (25.5%) [16] in recent reports.

Figure 4: Resistance of CA-MRSA (a) and HA-MRSA (b) to each
drug in the first and second half periods. Gray and white columns
were numbers of patients with resistant and susceptible isolates to
each drug. Abbreviations: GM, gentamicin; EM, erythromycin;
CLDM, clindamycin; LVFX, levofloxacin; IPM, imipenem: FOM,
fosfomycin; MINO, minocycline; REF, rifampicin; VCM,
vancomycin.

Yamaguchi et al.

Yanagihara et al.

Present study

Study periods

(2007-2009)

(2008-2009)

(2005-2008)*

No of CA-MRSA

171

19

51

Areas of the study

Tokyo

Nationwide

Kagoshima

Erythromycin

10.5

64.3

38

Clindamycin

0

24.6

19.6

Levofloxacin

42.1

40.9

15.7

Imipenem

0

7

13.7

Minocycline

-

4.7

0

Gentamicin

31.6

68.4

60.8

We think that the ages of patients with CA-MRSA and isolation
sites have changed from the emerging stage to recent years. In the
emerging stage, CA-MRSA is associated with skin and soft-tissue
infections and severe systemic infections, such as sepsis and
necrotizing pneumonia, in healthy children or adolescents, and
otherwise healthy individuals in the community [2]. In the present
study, the highest prevalence of acquisition of CA-MRSA was in
patients aged in their 80s who had suffered from cardiovascular
diseases, stroke, and cancer, but not healthy children and adolescents
(Figure 3a). Isolation sites in the first and second halves of the study
period were mainly nasopharyngeal and respiratory. These data
indicate that isolation or the presence of CA-MRSA implies healthcare associated infections in a tertiary center, even in local areas.
The current study showed that antibiotic resistance has increased
from the first to the second half periods. Table 2 shows the percentages
of antimicrobial resistance of CA-MRSA with type IV SCCmec to
antibiotics in the literature and data of the first half of the study period
in the present study. These data showed that a regional difference was
present in antibiotic susceptibility for CA-MRSA.
There were some limitations in the present study. A multilocus
sequence typing was not performed; the typing is needed for global
epidemiology of CA-MRSA [1]. Secondary, mechanism of the
resistance of each drug was not performed. Determination of the
presence or absence of a resistance gene to each drug or performing
conjugative transfer experiments [17,18] may be required to clarify the
acquisition of drug resistance of CA-MRSA. Finally, we did not show
the reason(s) why antibiotic resistance has increased from the first to
the second half periods in the present study; further studies are needed
to clarify the reason(s).
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