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Methicillin-resistant Staphylococcus aureus (MRSA) has become a leading cause of infections in both the 
community and in hospitals.  MRSA bacteremia is a serious infection with a very high mortality rate.  The 
aim of this study was to assess the clinical features of MRSA bacteremia and to evaluate predictors of 
mortality in patients with this infection.  The medical records of 83 patients with MRSA bacteremia, who had 
been admitted to Nagasaki University Hospital between January 2003 and December 2007, were  
retrospectively reviewed.  Underlying disease, presumed source, MRSA sensitivity, Staphylococcal cassette 
chromosome mec (SCCmec) types, virulence genes and prognosis were evaluated.  Of the 83 patients (44 
men and 39 women; mean age: 63.7 years) with MRSA bacteremia, 30 (36.1%) had malignancy and 25 
(30.1%) had been treated with immunosuppressive drugs.  Fifteen patients (18.1%) were intravascular 
catheter related.  SCCmec typeII accounted for 80% of SCCmec types of MRSA isolates.  The mortality 
rate was 39.8% (33/83), which is similar to that of previous reports.  The ratio of males to females, the 
mean age or the body temperature did not differ between survivors and nonsurvivors.  Independent  
predictors associated with mortality in the multivariate analyses are pneumonia (P = 0.016), treatment with 
VCM (P = 0.039), and transplantation (P = 0.021).  We suggest that poor prognosis achieved with VCM is 
in part due to its low blood concentration and poor tissue penetration.  VCM should not be selected when 
presumed source of MRSA bacteremia is pneumonia.
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Methicillin-resistant Staphylococcus aureus (MRSA) 
infections are responsible for a large proportion of infec-
tions in the community and in hospitals.  Bacteremia caused 
by MRSA is one of the most serious problems among infec-
tious diseases, not only because of its increasing frequency, 
but also because of its refractoriness to treatment and its 
associated high mortality rate (Selvey et al. 2000).  Since 
1960, when resistance of Staphylococcus aureus to methi-
cillin was first reported, the percentage of MRSA isolates 
has been increasing.  In Japan, the reported rate of patients 
with Staphylococcus aureus bacteremia continues to rise 
(Mizushima et al. 1994).  The percentage of MRSA bacte-
remia comprises as high as 20% of all cases of bacteremia 
in US hospitals (Wisplinghhoff et al. 2004), and is about 
31% of the cases in Spanish hospitals.  This percentage can 
reach 44% when hospitalized intensive care unit patients 

are analyzed (Tiemersma et al. 2004).  Even with adequate 
antibiotic therapy, the morbidity and mortality of MRSA 
bacteremia is reportedly higher than that of methicillin-sen-
sitive Staphylococcus aureus bacteremia (Cosgrove et al. 
2003).  The mortality rate of MRSA bacteremia has been 
reported to be approximately 30-40% (Gould 2007; Gomez 
et al. 2007; Laupland et al. 2008).  Thus, early diagnosis 
and appropriate antibiotic therapy for bacteremia is very 
important.  Rapid and appropriate antibiotic therapy may 
improve the outcome of patients with bacteremia (Leibovici 
et al. 1998).

The purpose of the present study was to assess the 
clinical and genetic characteristics of patients with MRSA 
bacteremia and to identify prognostic factors significantly 
associated with mortality.
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Materials and Methods
The medical records of 83 patients with MRSA bacteremia who 

had been admitted to Nagasaki University Hospital between January 
2003 and December 2007 were retrospectively reviewed.  All these 
patients with MRSA bacteremia were also retrospectively evaluated.

Age, sex, underlying disease, clinical features, presumed 
source, MRSA sensitivity, SCCmec types, virulence genes and prog-
nosis were evaluated.  In addition to these parameters, the subgroup 
of nonsurvivors of MRSA bacteremia was compared with that of sur-
vivors.  Patients younger than 20 years of age were excluded from 
this study.  If MRSA had been isolated on multiple occasions within a 
5-year period in the same patient, only the first episode of MRSA 
bacteremia was reviewed.

Definition of bacteremia
Bacteremia was defined as one or more positive blood cultures 

from patients with clinical signs of infection, such as fever, chills, and 
sweats, with or without local signs and symptoms.  The presumed 
source of bacteremia was considered as the focus where symptoms 
and signs were present, or from which MRSA was isolated prior to 
the onset of bacteremia.  Infection was considered to be catheter 
related when inflammatory signs were observed at the catheter inser-
tion point or when the catheter culture was positive for MRSA 
(Gomez et al. 2007).  The diagnosis of MRSA pneumonia was defined 
as follows: MRSA proven or suspected from a specimen of sputum, 
bronchoalveolar lavage or transthoracic aspiration, taken before inita-
tion of treatment, and chest X-ray consistent with the diagnosis of 
pneumonia.  Signs and synptoms included two more of following: 
cough, purulent sputum, abnormal ausculatory findings, signs of 
respiratory failure, signs of dyspnea, and worsening of tracheal aspi-
rate fluid in mechanically ventilated patients.  One of the following 
was required: white blood cell count (WBC = leukocyte count)  
> 10,000/μl, or < 4,500/μl, band neutrophils > 15 %, pulse rate > 120 
beats/min or systolic hypotension (Kohno et al. 2007).

Assessment of laboratory data
Body temperature, WBC and C-reactive protein (CRP) on the 

day the initial blood culture gave a positive result were recorded.  
One of the 83 patients was not assessed on that day.  Leucopenia was 
defined as a leukocyte count < 4,000/µl.  Severity of illness was 
assessed by the Sequential Organ Failure Assessment (SOFA) score 
(Vincent et al. 1996).

Identification of bacteria
All Staphylococcus aureus isolates were identified by colony 

morphologic analysis, Gram staining and catalase and coagulase tests.  
Isolates were identified as MRSA if the minimum inhibitory concen-
tration (MIC) of oxacillin was ≥ 4 µg/ml.  The MICs of vancomycin 
(VCM), teicoplanin (TEIC), arbekacin (ABK), and linezolid (LZD) 
were determined using a dilution antimicrobial susceptibility test, 
according to the manufacturer’s instructions (Eiken Chemical, Japan).  
All plates were incubated at 35°C for 24 h.

Antimicrobial treatment
The exact design of the initial antimicrobial treatment regimen 

was the responsibility of the physician.  The first antibiotic used was 
changed only in the case of clinical non-response to treatment or in 
the case of side effects.

Real-time PCR assay
The extraction of DNA and real-time PCR were performed as 

described previously (Motoshima et al. 2010).  Bacterial DNA was 
extracted using Chelex (Bio-Rad Laboratories, Hercules, CA, USA), 
methanol, and boiling methods.  PCR was performed using a 
LightCycler 480(Roche Applied Science, Mannheim, Germany) to 
amplify a total 10 genes in the same run.  The PCR assay targeted 
SCCmec types I - IV, nuc, mecA, vanA, enterotoxinC (sec), toxic 
shock syndrome toxin (tsst), exfoliative toxin type b (etb), and lukS/
F-PV (pvl).  For SCCmec typing, three gene elements were used, 
SCCmec I, SCCmec II - III, SCCmec I - II - IV.  The only four types 
of the eight known SCCmec types were detected in this study because 
SCCmec types V - VIII are not spread in Japan.  The original PCR 
primers and probes were designed based on published primers 
(Johnson et al. 1991; Zhang et al. 2004), and sequential specificity 
was confirmed against all available data for genes in the Genbank 
database.  All primers and probes were purchased from Nihon Gene 
Reserach Laboratories Inc.  (Miyagi, Japan).  The target probes for 
SCCmec I - II - IV, mecA, vanA, tsst, and pvl were labeled at the 5′- 
end with FAM, and target probes for SCCmec I, SCCmec II - III, nuc, 
etb, and sec were labeled at the 5′- end with LCRED 610.  Both sets 
of probes were labeled at the 3′-end with Black Hole Quencher 
(BHQ).  Reactions conditions were 95°C for 10 min for activation of 
Taq polymerase, followed by 35 cycle 10 s at 96°C (denaturation) and 
50 s at 60°C (annealing and extension).  Continuous fluorescence was 
monitored at 483 - 533 nm (FAM) and 550-610 nm (LCRED610).  
Fluorescence data were analyzed using LightCycler480R Software 
version 1.5.

Statistical analysis
Patient characteristics and outcomes were compared survivors 

and nonsurvivors using Microsoft Excel 2007 for Windows.  The χ2 
test was used univariate comparison of categorical data.  Variables 
with a P value < 0.20 in the univariate analyses were considered for 
inclusion in forward stepwise multivariate logistic regression to deter-
mine predictors associated with mortality for patients with MRSA 
bacteremia.  A P value less than 0.05 denoted the presence of a statis-
tically significant difference.

Results
Clinical characteristics and laboratory findings

The clinical characteristics and laboratory findings of 
83 patients with MRSA bacteremia are summarized in 
Table 1.  These 83 patients with MRSA bacteremia com-
prised 44 men and 39 women with the mean age of 63.7 
years (Table1) and mode age range of 70 to 79 years.  The 
mean body temperature was 38.8°C.  The mean leukocyte 
count and the CRP values were 11,120/µl and 12.3 mg/dl, 
respectively.  Of the 83 patients, 30 (36.1%) had malig-
nancy and 25 (30.1%) had received immunosuppressive 
drugs.  Many patients had at least 2 comorbid conditions, 
such as malignancy and diabetes mellitus (Table 1).  There 
were 15 cases (18.1%) of intravascular catheter-related 
problems.  Pneumonia was the presumed source of MRSA 
bacteremia in 14 patients (16.9%), while 12 patients 
(14.5%) suffered from bacteremia after an operation (Table 
2).
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Treatment
Of the 83 patients, 22 (26.5%) were treated with VCM 

as first line therapy, 33 (39.8%) with TEIC, 3(3.6%) with 
ABK, 11(13.3%) with LZD and 11 with other antibiotics 
(such as rifampicin or minocycline).  The VCM trough 
level was measured 54.5% (12/22).  The mean age, body 
temperature and laboratory data did not differ significantly 
between patients treated with different antibiotics.  The 
MIC90 values of VCM, TEIC, ABK and LZD were 1, 0.75, 
0.75 and 2, respectively.  Most of the isolates obtained from 
blood culture were sensitive to these four antibiotics (Fig. 
1).

Genetic analysis
The results of SCCmec and virulence genes are shown 

in Fig. 2.  Among the 83 isolates obtained from blood cul-
ture, 77 isolates could be analyzed.  The isolates from 61 
patients (79.2%) were identified as carrying SCCmec type 
II and 14 (18.2%) were identified as carrying type IV.  In 
virulence genes, 61 isolates (79.2%) were tsst positive and 
59 isolates (76.6%) sec positive.  A total of 90.2% of type II 
(55/61) and 28.6% of typeIV (4/14) isolates had tsst and sec 
genes.  No isolates were etb and pvl positive in this study.

Prognosis
Table 3 shows the univariate analyses of predictors 

associated with mortality for patients with MRSA bactere-
mia.  The mortality rate is 39.8% (33/83) in this study.  The 
male-to-female ratio, mean age, and body temperature did 
not differ between survivors and nonsurvivors.  In nonsur-
vivors, the leukocyte count was slightly lower and the CRP 
level was slightly higher than in survivors, although the dif-

Table 1.  Clinical characteristics and laboratory findings of 
patients with MRSA bacteremia.

Sex (male/female) 44/39
Mean age (years) 63.7 ± 17.0

Underlying disease: 　

 Malignancy 30(36.1%)
 Cardiovascular disease 26(31.3%)
 Immunosupressive drug or corticosteroid use 25(30.1%)
 Diabetes mellitus 22(26.5%)
 Digestive disease 19(22.9%)
 Chronic renal failure 15(18.1%)
 Central nervous system disease 11(13.3%)
 Transplantation 11(13.3%)
 Respiratory disease 10(12.0%)
 Autoimmune/allergic disease 8(9.6%)
 Others 10(12.0%)

Body temperature (°C)a 38.8 ± 1.0
Leukocyte count (/μl)a 11,119.5 + 7,906.7
CRP (mg/ml)a 12.3 ± 8.1

aData are the mean ± s.d.

 Table 2.  Presumed source of infection in patients with 
MRSA bacteremia.

　 No.  of patients (%)

Intravascular device 15 (18.1%) 
Respiratory tract 14 (16.9%)
Abdominal cavitya  6 (7.2%)
Bonea  6 (7.2%)
Soft tissurea  5 (6.0%)
Articulusa  5 (6.0%)
Mediastiuma  4 (4.6%)
Others  6 (7.2%)
Unknown 22 (26.5%)

a Twelve patients had infection at a surgical site.

Fig. 1.  Cumulative minimum inhibitory concentration curves in patients with MRSA bacteremia.
The MIC90 values of VCM, TEIC, ABK and LZD were 1, 0.75, 0.75 and 2, respectively.



K. Yamada et al.64

ferences were not significant.  However, cases with a leuko-
cyte count lower than baseline (< 4,000/µl) had a higher 
mortality (8/11: 72.7%) than those with a leukocyte count ≥ 
4,000/µl (24/71: 33.8%) (P = 0.02).  In contrast, there was 

no difference between patients with high (≥ 20 mg/dl) and 
low (< 20 mg/dl) CRP with regards to mortality.  The mor-
tality of SOFA score ≥ 10 was higher (P = 0.009).  In 
underlying diseases, transplantation was a predictor associ-

Fig. 2.  SCCmec types and virulence genes in patients with MRSA bacteremia.
Shown are SCCmec types (a) and virulence genes (b) in patients with MRSA bacteremia.  The isolates from 61 patients 
(79.2%) were identified as carrying SCCmec type II and 14 (18.2%) were identified as carrying type IV.

Table 3.  Univariate analyses of predictors associated with mortality for patients with MRSA bac-
teremia.

Predictor  OR (95%CI) P value

Male gender 0.73 (0.30-1.79) 0.510 
Age ≥ 70 0.90 (0.37-2.18) 1.000 
Malignancy 1.56 (0.63-3.89) 0.360 
Cardiovascular disease 1.17 (0.45-3.00) 0.810 
Immunosupressive drug or corticosteroid use 2.61 (0.99-6.83) 0.050 
Diabetes mellitus 0.62 (0.22-1.76) 0.450 
Digestive disease 0.63 (0.21-1.88) 0.440 
Chronic renal failure 1.01 (0.32-3.17) 1.000 
Central nervous system disease 0.53 (0.13-2.14) 0.510 
Transplantation 9.00 (1.80-44.96) 0.006 
Respiratory disease 0.43 (0.42-6.05) 0.510 
Autoimmune/allergic disease 0.90 (0.20-4.05) 0.810 
Catheter related infection 0.49 (0.14-1.69) 0.380 
Pneumonia 7.83 (1.98-30.93) 0.002 
Fever ≥ 39°C 0.54 (0.22-1.35) 0.250 
Leukocyte count < 4,000/μl 5.22 (1.27-21.50) 0.020 
CRP ≥ 20 mg/dl 1.72 (0.54-5.47) 0.380 
SOFA score ≥ 10 4.84 (1.48-15.78) 0.009 
Treatment with VCM 2.96 (1.08-8.08) 0.040 
MIC of VCM ≥ 1 μg/ml 1.06 (0.33-3.39) 1.000 
SCCmec type II 0.89 (0.29-2.71) 1.000 
tsst gene negative 1.54 (0.51-4.66) 0.570 
sec gene negative 2.10 (0.72-6.12) 0.180 
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ated with mortality (P = 0.006).  Pneumonia was associated 
with mortality (P = 0.002).  The mortality of patients 
treated with VCM as first line was 59.1% (13/22) and sig-
nificantly higher than those of other treatments (TEIC: 
33.3%; ABK: 0%; LZD: 27.2%) (P = 0.04).  We did not 
detect any correlation between the trough level and mortal-
ity.  VCM MIC ≥ 1 μg/ml was not a predictor associated 
with mortality.  In genetic analyses, SCCmec types and vir-
ulence genes had no relations with mortality.

Independent predictors associated with mortality in the 
multivariate analyses were pneumonia (P = 0.016), treat-
ment with VCM (P = 0.039), and transplantation (P = 0.021) 
(Table 4).  The mortality of patients who had pneumonia 
and VCM treatment was 100% (4/4).

Discussion
Bacteremia caused by MRSA is one of the most seri-

ous problems among infectious diseases, annually resulting 
in significant morbidity and mortality.  Thus it is very 
important to assess the clinical characteristics of MRSA 
bacteremia and to evaluate predictors of mortality in 
patients with MRSA bacteremia for appropriate treatments.  
In the present study, we investigated the underlying disease, 
presumed source, MRSA sensitivity to antibiotics, antibi-
otic choice and prognosis of patients with MRSA.

Many of the patients with MRSA bacteremia had 
malignancy, cardiovascular disease, immunosuppressive ill-
ness, and diabetes mellitus, which is similar to the findings 
of other reports (Hidayat et al. 2006; Gomez et al. 2007; 
Silvestre et al. 2009).  Both our study and other clinical 
investigations (Gomez et al. 2007; Silvestre et al. 2009) 
have shown that intravascular devices, lower respiratory 
tract infections and surgical site infections cause MRSA 
bacteremia, suggesting the importance of prophylaxis.  The 
mortality of MRSA bacteremia determined in this study 
(39.8%) was also similar to those reported previously 
(Gomez et al. 2007; Laupland et al. 2008).  The prognosis 
of MRSA bacteremia in transplant recipients was signifi-
cantly worse in multivariate analyses (Table 4).  Our hospi-
tal conducts both liver and bone marrow transplantations.  
A previous study suggested that organ transplantation is one 
of the risk factors for MRSA bacteremia (Laupland et al. 
2008).  The present study is the first report to describe a 

relationship between transplantation and the mortality of 
MRSA bacteremia.  It is difficult to recognize infection in 
transplant recipients, since signs and symptoms are often 
diminished (Fishman 2007), while many risk factors includ-
ing operative stress and immunosuppressive drug use in 
transplant recipients are major concerns.  These factors may 
be the causes of the poor prognosis of MRSA in transplant 
recipients.

In our study, cases with a leukocyte count lower than 
4,000/µl had a higher mortality in univariate analyses 
(Table3).  A previous study suggested that neutropenia is a 
factor that contributes to hospital-acquired bacteremia 
(Yoshida et al. 2005).  However, there have been no reports 
describing the relationship between leucopenia and the 
mortality of MRSA bacteremia.  Leucopenia is one of the 
diagnostic criteria of Acute Physiology and Chronic Health 
Evaluation (APACHE) II score (Knaus et al. 1985) and 
Systemic Inflammatory Response Syndrome (SIRS) (Bone 
et al. 1992), and therefore may be a good prognostic marker 
in MRSA bacteremia.

In a recent study, the rate of recovery in patients with 
MRSA bacteremia at VCM MIC of ≤ 0.5 µg/ml was about 
55.6%, yet this recovery rate fell to 9.5% at a MIC of 1-2 
µg/ml (Sakoulas et al. 2004).  Furthermore, patients with 
high MIC (≥ 2) have poorer treatment responses and higher 
infection-related mortality (Hidayat et al. 2006).  Our 
results found no reduction in the sensitivity to antibiotics 
including VCM and no relationship between antibiotic MIC 
and mortality.

In Japan, about 4% of MRSA clones are classified as 
SCCmec type IV (Chongtrakool et al. 2006; Zaraket et al. 
2007).  However, in our study, isolates from 61 patients 
(79.2%) were identified as carrying SCCmec type II and 
14(18.2%) were identified as carrying type IV.  As it has 
been reported that community acquired (CA) - MRSA was 
brought into hospitals from the community (Zaraket et al. 
2007), SCCmec type IV might be also brought into and 
spread throughout our hospital.  Ganga et al. (2009) has 
been reported that SCCmec II was a prognostic factor of 
MRSA bacteremia.  In contrast, our study indicated that 
SCCmec types and virulence gene had not been associated 
with prognosis.  Additional studies are needed to decide 
whether SCCmec and virulence genes influence the out-
come of MRSA bacteremia.

In multivariate analyses, pneumonia as a source and 
treatment with VCM were independent predictors associ-
ated with mortality (Table 4).  Previous studies reported 
that pneumonia is one of the prognostic factors of MRSA 
bacteremia (Gould 2007; Wang et al. 2010).  This reason 
may be due to the difficulty of the diagnosis of MRSA 
pneumonia, the high mortality of only MRSA pneumonia or 
the inadequate effectiveness of glycopeptides such as VCM 
and TEIC (Rello et al. 2005).  Stevens et al. (2002) reported 
that the efficacy of VCM in patients with MRSA bacteremia 
was equal to that of LZD.  In contrast, Wunderink et al. 
(2003) reported that the efficacy of LZD was higher than 

Table 4.  Multivariate analyses of predictors associated with 
mortality for patients with MRSA bacteremia.

Predictor  OR (95%CI) P value

Pneumonia　 6.20 (1.41-27.25) 0.016
Transplantation 7.47 (1.36-40.96) 0.021
SOFA score ≥ 10 ND ND
Leukocyte count < 4,000/μl ND ND
Treatment with VCM 3.22 (1.06-9.80) 0.039
sec gene negative ND ND

ND: not detected
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that of VCM.  In our study, it is possible that the worse 
prognosis of VCM treatment was due to lower VCM trough 
(in most cases 5-10 μg/ml) than recommended trough of 
15-20 μg/ml (Rybak et al. 2009).  However, some studies 
showed no correlation between the VCM trough level and 
prognosis (Hidayat et al. 2006; Musta et al. 2009).  Our 
study was similar to these reports.  Thus, the lower efficacy 
of VCM for MRSA bacteremia remains inconclusive.  
However, our data suggest that other treatments should be 
choiced if the primary focus of MRSA bacteremia is pneu-
monia, considered poor tissue penetration in the lung 
(Kollef 2007).

In conclusion, our study showed similar mortality of 
MRSA bacteremia as reported previously.  Immuno sup-
pressive illness was associated with morbidity and mortal-
ity.  Most of the MRSA isolates obtained from blood culture 
was sensitive to four antibiotics tested and there was no 
relationship between MIC and mortality.  When the primary 
focus of MRSA bacteremia is pneumonia, other antibiotics 
rather than VCM should be choiced, even if the MRSA sen-
sitivity to antibiotics is good.
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