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ABSTRACT 

Predictors of mortality in patients with methicillin-resistant 
Staphylococcus aureus bacteraemia receiving vancomycin therapy 

 
Yu Mi Wi 

Department of Medicine  
The Graduate School, Yonsei University  

(Directed by Professor June Myung Kim) 
 

The failure of vancomycin in the treatment of methicillin-resistant 

Staphylococcus aureus (MRSA) bacteraemia has been reported, despite the full 

susceptibility of the organism to vancomycin. The purpose of this study was to 

assess novel predictors for mortality in patients with MRSA bacteraemia 

receiving vancomycin therapy. Fifty-six patients with MRSA bacteraemia 

receiving vancomycin treatment were prospectively collected from February 

2010 through February 2011. Among the 56 patients with MRSA bacteraemia, 

twelve patients (21.4%) died. Independent predictors of mortality in patients 

with MRSA bacteraemia receiving vancomycin were underlying liver diseases 

(OR, 22.64; 95% CI, 1.28-399.26; p=0.033), Pitt’s bacteraemia scores (OR, 

1.48; 95% CI, 1.01-2.16; p=0.042), and a level of albumin at the time of 

culture collection (OR, 0.03; 95% CI, 0.01-0.53; p=0.018). In conclusion, this 

study showed that a meticulous therapeutic approach should be considered for 

patients with MRSA bacteraemia with underlying liver diseases, lower levels 

of albumin at the time of culture collection, and high Pitt’s bacteraemia scores. 

The level of albumin may be a simple approach for predicting mortality in 

patients with MRSA bactermeia receiving vancomycin therapy. 

 

 

 

 

 

---------------------------------------------------------------------------------------- 

Key words : MRSA; bacteraemia; vancomycin; mortality; predictors 
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I. INTRODUCTION 

Methicillin-resistant Staphylococcus aureus (MRSA) infections have been a 

significant cause of health-care associated morbidity 1-3. Although recent data 

have shown a decrease in the rates of health-care associated MRSA infections, 

community associated MRSA has recently emerged in communities among 

people who traditionally were not at risk 4, 5. Vancomycin is the most common 

antimicrobial agent used for the treatment of MRSA infections worldwide. 

However, treatment failure for MRSA bacteraemia has been described despite 

full susceptibility of the organism to vancomycin 6-8. Several clinical, 

microbiological, and genetic determinants have been known as risk factors for 

treatment failure in patients with MRSA bacteraemia. Osteomyelitis, retention of 

implicated medical devices, MRSA infection of at least two sites, and 

vancomycin minimal inhibitory concentration (MIC) of 2 mg/L 9, 10 have been 

implicated as determinants for mortality in MRSA bacteraemia with vancomycin 

therapy. Metastatic infection, congestive heart failure and elevated MICs for 

subsequent MRSA isolates were also implicated as independent risk factors in 

another study 11. The agr dysfunction in S. aureus bacteraemia was also 

significantly associated with mortality among severely ill patients 12. In addition, 

the area under the concentration-time curve (AUC) divided by the MIC 
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(AUC/MIC) is the best predictor of the activity of vancomycin against MRSA 13. 

However, the role of serum biomarkers as determinants for mortality in patients 

with MRSA bacteraemia treated with vancomycin remains unclear. 

The aims of this study were to assess predictors for mortality in MRSA 

bacteraemia in patients receiving vancomycin therapy. Therefore, we 

compared clinical, microbiological and PK/PD parameters between 

non-survivors and survivors of MRSA bacteraemia receiving vancomycin 

therapy. In addition, we investigated the relationship between serum biomarkers 

such as C-reactive protein (CRP) and albumin and the mortality of patients with 

MRSA bacteraemia receiving vancomycin therapy. 

 

II. MATERIALS AND METHODS 

1. Patient population and study design 

All patients 18 years or older with positive blood cultures for MRSA were 

included prospectively at the 710-bed Samsung Changwon hospital in the 

Republic of Korea from February 2010 through February 2011. Patients were 

excluded if they had received vancomycin for £ 72 hours. Echocardiographs 

were done for all patients with persistent MRSA bacteraemia. The following 

clinical and laboratory data was obtained from the patients’ medical records, 

which included demographic information, co-morbidities, the site of acquisition, 

the source of bacteraemia, CRP and albumins level at time of index culture 

collection and 3 days after initiation of vancomycin, time to culture positivity, 

vancomycin dose, vancomycin MIC, creatinine clearance as estimated by the 

Cockcroft-Gault formula at the time of index culture collection, and vancomycin 

trough levels. To determine the severity of illness, Pitt’s bacteraemia scores were 

determined for all patients. The study was approved by the institutional review 

board of the Samsung Changwon Hospital.  

 

2. Definitions 
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Clinically significant bacteraemia was defined as at least one positive blood 

culture, together with clinical features compatible with systemic inflammatory 

response syndrome. Time to blood culture positivity (TTP) was defined as time 

between onset of incubation and growth detection using an automated blood 

culture system. Catheter-related blood stream infection was defined as growth of 

>15 colony forming unit from the catheter tip by semiquantitative culture 14. 

Infective endocarditis was defined according to the modified Duke criteria 15. 

Metastatic infection was defined as the presence of microbiological or radiologic 

evidence of MRSA infection caused by hematogenous seeding 16. To determine 

the severity of illness, Pitt’s bacteraemia scores were determined for all patients 

within 24 hours of acquisition of the culture samples. The initial empirical 

antimicrobial therapy was considered “adequate” if the vancomycin was 

administered within 24 h after the acquisition of the culture samples. Mortality 

was defined as death occurring in the hospital from the time the culture was 

collected up to 30 days after the culture collection.  

  

3. Microbiological data  

Only the first episode of MRSA bacteraemia for each patient was included in the 

analysis. Patients infected with more than one organism were excluded. The 

BacT ALERT 3D culture system (bioMérieux, Inc., Hazelwood, USA.) was used 

for the blood cultures. MRSA identification and vancomycin MIC test were done 

using VITEK 2 standard identification and susceptibility cards (bioMérieux, Inc., 

Hazelwood, USA.) in accordance with the manufacturer’s instructions.  

 

4. PK/PD data 

All patients were initially started on 2 g of vancomycin per day with normal 

renal function. Therapeutic drug monitoring of vancomycin was routinely done 

before the fourth dose. The dosage of vancomycin was adjusted to obtain a 

trough concentration of above 15 mg/L. The predicted 24-h AUC values were 
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calculated using a previous equation 17. Patients with renal disease requiring 

hemodialysis (n=7) were excluded because they did not have reliable estimated 

creatinine clearance to calculate the AUC. 

 

5. Statistical analysis 

Categorical variables were calculated as percentages and continuous variables 

were summarized as means with standard deviations or medians with 

interquartile ranges. Clinical and laboratory characteristics were compared 

between subgroups of survivors and non-survivors using the χ2 test, Fisher’s 

exact test, two-sample t-test, and Mann-Whitney test, as appropriate. In 

identifying the predictors for mortality, a stepwise logistic regression analysis 

was used to control for the effects of confounding variables. Variables with a P 

value < 0.1 in the bivariate analysis were candidates for multivariate analysis. 

Goodness of fit of the final model was assessed using the Hosmer-Lemesshow 

statistic. Backward stepwise variable elimination was then done. P values < 0.05 

were considered statistically significant. Receiver operation characteristic (ROC) 

curves were plotted for albumin to predict mortality and the area under the curve 

(AUC) was calculated. All analyses were done with SPSS software for Windows 

(PASW 18.0, Chicago, Illinois) 

 

III. RESULTS 

Ninety-two patients with MRSA bacteraemia were identified during the study 

period. Among these patients, 56 patients with MRSA bacteraemia were enrolled. 

Thirty-six patients were excluded from the analysis for the following reasons: 

teicoplanin treatment (33 patients) and vancomycin treatment for < 72 hours (3 

patients). Among the 56 cases of MRSA bacteraemia, the mortality rate was 

21.4 % in the 30 days after the initiation of vancomycin therapy. 
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1. Demographic and clinical characteristics among non-survivors and survivors 

Table 1. Demographic and clinical characteristics associated with 30-day hospital 

mortality 

 Non-survivors 

(n=12) 

Survivors 

(n=44) 

P value 

Age, mean ± SD 58.3 ± 16.4 59.5 ± 14.9 0.807 

Male, n (%) 7 (58.3) 26 (59.1 ) 0.607 

Site of acquisition, n (%)    

  Community 2 (16.7) 12 (27.3) 0.707 

  Hospital 10 (83.3) 32 (72.7) 0.707 

ICU stay at diagnosis 7 (58.3) 19 (43.2) 0.351 

Co-morbidities, n (%)    

  CWI, mean ± SD 4.8 ± 2.3 3.0 ± 2.3 0.025 

Diabetes 4 (33.3) 18 (40.9) 0.746 

Cardiovascular disease 5 (41.7) 11 (25.0) 0.293 

Acute renal failure 3 (25.0) 10 (22.7) 0.571 

Cerebrovascular events 2 (16.7) 13 (29.5) 0.481 

  Dialysis 5 (27.8) 5 (13.2) 0.263 

Cancer 5 (41.7) 10 (22.7) 0.270 

Immunosuppressant use 1 (8.3) 8 (18.2) 0.666 

  Chronic lung disease 4 (33.3) 6 (13.6) 0.196 

Liver cirrhosis 4 (33.3) 3 (6.8) 0.032 

Surgery in previous 30 days 3 (25.0) 12 (27.3) 0.595 

Antibiotics use in previous 30 

days 

11 (91.7) 33 (75.0) 0.427 

Primary site of infection, n (%)    

  Catheter-related infection 5 (41.7) 16 (36.4) 0.748 

  Respiratory infection 4 (33.3) 13(29.5) 0.529 

  Surgical wound infection 3 (25.0) 5 (11.4) 0.348 

Bone and joint infection - 5 (11.4) 0.574 

  Skin and Soft tissue 

infection 

7 (38.9) 9 (23.7) 0.239 

Infective endocarditis - 4 (9.1) 0.567 

  Intraabdominal infection 2 (16.7) 1 (2.3) 0.113 

  Primary bacteraemia - 4 (9.1) 0.370 

  Urinary tract infection - 2 (4.5) 0.614 

Metastatic infection at 

presentation 

6 (50.0) 11 (25.0) 0.154 

Pitt’s bacteraemia score, 

median (IQR) 

3.5 (0.5 -5.8) 1.0 (0-2.0) 0.017 
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* SD, standard deviation ; CWI, Charlson weighted index of co-morbidity ; IQR, 

interquartile range.  

 

The baseline demographic and clinical characteristics of nonsurvivors were 

compared with those of the survivors (Table 1). The age of the patients and the 

proportion of males and females did not differ between the two groups. The 

majority of the isolates were considered hospital acquired MRSA bacteraemia 

(75.0%). Patients with community acquired and hospital acquired MRSA 

bacteraemia were equally distributed between the non-survivors and survivors. 

As for underlying diseases, underlying liver diseases were present at 33.3% and 

6.3% in the non-survivors and survivors, respectively (p=0.032). Other 

comorbidities and the primary site of bacteraemia did not differ between the two 

groups. Pitt’s bacteraemia scores were higher in the non-survivors group (3.5 

versus 1.0, p=0.017).  

 

2. Serum biomarkers between non-survivors and survivors 

Among the evaluated biological parameters, serum CRP level obtained 3 days 

after the initiation of vancomycin therapy (141.1 mg/L versus 55.1 mg/L, 

p=0.016), serum albumin level at the time of culture collection (2.1 g/dL versus 

2.7 g/dL, p=0.021), and serum albumin level at 3 days after the initiation of 

vancomycin therapy (1.9 g/dL versus 2.4 g/dL, p=0.017), comprised the factors 

that significantly differentiated the non-survivors and survivors (Table 2).  

ROC curves which were plotted to evaluate the ability of the albumin level to 

predict mortality in patients with MRSA bacteraemia receiving vancomycin 

therapy are shown in Figure 1. The AUC of the albumin level at the time of 

culture collection was 0.714 (95% CI, 0.578-0.827; p=0.013). Overall, the 

diagnostic sensitivity was 91.67% (95% CI, 61.5 - 99.8); the specificity was 

43.18% (95% CI, 28.3 - 59.0) for albumin predicting the mortality of patients 

with MRSA bacteraemia receiving vancomycin therapy with an albumin cutoff 

value of 2.6 g/dL at the time of culture collection.  
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Table 2. Biological markers between non-survivors and survivors 

 Non-survivors 

 (n=12) 

Survivors  

(n=44) 

P 

value 

CRP at culture collection,  

mg/L, mean ± SD 

108.9 ± 106.7 122.0 ± 97.5 0.702 

CRP at 3 days after initiation of 

vancomycin, mg/L, median (IQR) 

141.1 (84.0-174.6) 55.1 (20.7-95.5) 0.016 

Albumin level at culture collection,  

g/dL, mean ± SD 

2.1 ± 0.5 2.7 ± 0.6 0.021 

Albumin level at 3 days after 

initiation of vancomycin, mg/L, 

median (IQR) 

1.9 ± 0.5 2.4 ± 0.7 0.017 

* SD, standard deviation ; IQR, interquartile range.  

 

Fig 1. ROC curve of the albumin levels at the time of culture collection for predicting of 

mortality in patients with MRSA bacteraemia receiving vancomycin therapy 

 

 

 

3. Microbiological and pharmacokinetic characteristics of non-survivors and 

survivors 

The microbiological characteristics between non-survivors and survivors were 

compared in Table 3. The median TTP was shorter for MRSA in the 

Albumin 2.2 g/dL 
Sensitivity 60.98% 
Specificity 90.91% 



9 

 

non-survivors than in the survivors (15.1 h versus 22.6 h, p=0.007). There were 

no differences between the two groups for the vancomycin MICs at 2 mg/ml 

(41.7% versus 36.4%, p=0.748) and persistent bacteraemia at 3 days after 

initiation of vancomycin (62.5% versus 30.2%, p=0.012). The time to 

vancomycin administration after culture collection and vancomycin drug levels 

did not differ between the two groups. Vancomycin AUC was 375.9 ± 129.4 in 

the non-survivors and 407.5 ± 198.7 in the survivors (p=0.649), and the 

vancomycin AUC/MIC was 584.1 ± 393.3 in the non-survivors and 428.0 ± 

264.3 in the survivors; therefore, the PK/PD parameters of vancomycin and 

mortality were not statistically different.  

 

Table 3. Microbiological and PK/PD characteristics associated with 30-day hospital 

mortality 

 Non-survivors 

(n=12) 

Survivors  

(n=44) 

P value 

Time to blood culture positivity, hours, 

mean ± SD 

15.1 ± 5.0 22.6 ± 13.1 0.007 

MIC = 2 mg/L, n (%) 5 (41.7) 16 (36.4) 0.748 

Persistent bacteraemia at 3 days after 

initiation of vancomycin, n (%) 

5 (62.5) 13 (30.2) 0.112 

Time to initiation of vancomycin, days, 

mean ± SD 

2.7 ± 2.5 3.0 ± 2.4 0.657 

Vancomycin trough level before 4th 

dose, median (IQR) 

13.7 (9.8-23.4) 10.6 (7.2-15.4) 0.283 

Calculated AUC **, h/ml, mean ± SD 375.9 ± 129.4 407.5 ± 195.7 0.649 

Calculated AUC/MIC **, h/ml, mean ± 

SD 

237.2 ± 179.9 394.0 ± 133.5 0.285 

* SD, standard deviation ; IQR, interquartile range ; MIC, minimal inhibitory 

concentration ; AUC, area under concentration  

**Patients requiring hemodialysis did not have an AUC (n=7) 

 

4. Predictors of mortality in patients with MRSA bacteraemia receiving 

vancomycin therapy 

In bivariate analysis, the following factors were associated with an increased risk 
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of mortality at a p-value of < 0.05: Charlson weighted index of co-morbidity, 

underlying liver diseases, Pitt’s bacteraemia scores, CRP at 3 days after initiation 

of vancomycin therapy, albumin levels at the time of culture collection, and time 

to blood culture positivity. Variables with a p value < 0.1 in the bivariate 

analyses were included in the subsequent multivariate analysis. Stepwise 

backward logistic regression analysis revealed that Pitt’s bacteraemia scores 

(OR, 1.48; 95% CI, 1.01-2.16; p=0.042), underlying liver diseases (OR, 22.64; 

95% CI, 1.28-399.26; p=0.033), and an initial level of albumin (OR, 0.03; 95% 

CI, 0.01-0.53; p=0.018) were independent predictors of mortality in patients 

with MRSA bacteraemia receiving vancomycin therapy (Table 4). 

 

Table 4. Multivariate analysis of predictors associated with mortality in patients with 

MRSA bacteraemia receiving vancomycin therapy 

 Multivariate analysis 

Risk factors Odds ratio 95% CI P value 

Pitt’s bactermeia score 1.48 1.01-2.16 0.042 

Underlying liver disease 22.64 1.28-399.26 0.033 

Albumin level at culture 

collection 

0.03 0.01-0.53 0.018 

* CI, confidential interval 

* Hosmer-Lemeshow statistic,χ2= 6.440, p=0.598 

 

IV. DISCUSSION 

A high mortality rate (21.4%) in patients with MRSA bacteraemia receiving 

vancomycin treatment was seen in this study. This mortality rate at our hospital 

was similar to those at other centers with from 15.8 % to 28.0% morality rate 11, 

18. Empirically, vancomycin is presently recommended for the initial treatment 

of suspected severe S. aureus infections in healthcare settings. However, 

accumulating studies have reported treatment failure when vancomycin was used 

to treat serious MRSA infections 19, 20. Some of the explanations offered for the 
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poor outcomes of vancomycin treatment included inadequate dosing 20, poor 

tissue penetration 21, and slow bactericidal activity 22, 23. In our study, Pitt’s 

bacteraemia scores, underlying liver diseases, and low albumin levels at the time 

of culture collection were independent predictors for mortality in patients with 

MRSA bacteraemia receiving vancomycin therapy.  

Interestingly, our results show the clinical significance of albumin levels as a 

predictor of mortality in patients with MRSA bacteraemia receiving vancomcyin 

therapy. Hypoalbuminemia can be caused by various conditions, including 

nephrotic syndrome 24, 25, heart failure 26, liver disease 27, 28 and malnutrition 29. 

Serum albumin levels are an important predictor of morbidity and mortality 30, 31 

and correlate to an increased risk of morbidity and mortality in hospitalized 

patients. However, there has been little discussion about hypoalbuminemia and 

the mortality of patients with MRSA bacteraemia. Hayashi reported that the 

influential factors for the clinical improvement of the anti-MRSA drug were 

CRP, serum albumin, and serum creatinine in neonate MRSA infections 32. In 

this study, there are two significant findings about the relationship between the 

albumin level and mortality in patients with MRSA bacteraemia receiving 

vancomycin therapy. First, the albumin level was significantly lower in the 

non-survivor group than in the survivor group of patients with MRSA 

bactermeia receiving vancomycin therapy. Second, the diagnostic sensitivity was 

91.67% and the specificity was 43.18% for albumin at the time of culture 

collection predicting the mortality of patients with MRSA bacteraemia receiving 

vancomycin therapy with an albumin cutoff value of 2.6 g/dL. The diagnostic 

sensitivity was 91.67% and the specificity was 43.18% for albumin at 3 days 

after initiation of vancomycin predicting the mortality of patients with MRSA 

bacteraemia receiving vancomycin therapy with an albumin cutoff value of 2.2 

g/dL. This finding suggests that albumin levels is a useful adjunct test for 

predicting mortality in patients with MRSA bactermeia receiving vancomycin 

treatment.    
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A number of studies have reported higher rates of mortality among patients 

whose MRSA isolates have higher vancomycin MICs 19, 33. Other studies have 

showed that there was no correlation between the MIC and treatment failure 11, 34, 

35. In this study, a vancomycin MIC of 2 g/ml had no significant impact on the 

mortality for patients with MRSA bacteraemia. A possible reason for this is that 

the AUC/MIC showed no significant difference in this study between the 

non-survivor group and survivor group. The efficacy of vancomycin is best 

predicted by the AUC/MIC ratio 36. Monte Carlo simulation analysis suggests 

that even with a trough level of ≥15 mg/L, there is only 60% likelihood that a 

clinical AUC/MIC target will be achieved against MRSA with a vancomycin 

MIC of 1.0 mg/L 37. The American Society of Health-System Pharmacists 

reported on a consensus review of vancomycin, in which an AUC/MIC ratio of ≥ 

400 was advocated as a target to achieve clinical effectiveness with vancomycin 

and to improve the clinical outcome for complicated infections 38. In our study, 

however, 4 patients showed vancomycin MIC elevation for serial MRSA isolates 

in the non-survivors group. These findings are consistent with a previous study, 

in which elevations of the vancomycin MIC for subsequent MRSA isolates were 

independent predictors of MRSA-related mortality 11. These results imply that 

low-grade vancomycin resistance could develop during treatment of persistent 

MRSA bacteraemia.  

Our study found that a delay in starting vancomycin therapy did not adversely 

affect the outcome of patients with MRSA bacteraemia (not shown). This is in 

line with previous reports 39, 40. However, it is noteworthy to mention that a delay 

in the empirical therapy for patients with high Pitt’s bacteraemia scores was 

associated with a higher mortality. Previous studies 41, 18 also showed that a delay 

in the empirical therapy has the most impact in severely ill patients. Therefore, 

empirical antibiotic therapy against MRSA needs to be considered for any 

patient with severe sepsis. In hemodynamically stable patients, it may be 

appropriate to wait for the microbiological results to choose the appropriate 
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antibiotics.  

Our study has some limitations. First, the number of cases was small, which 

limits the statistical power. However, despite the relatively small population, 

this study was adequate to identify risk factors for mortality as the differences 

between the groups reached statistical significance. Second, other virulence and 

genetic factors such as accessory gene regulator II polymorphisms implicated in 

invasiveness and disease severity were not evaluated. Third, vancomycin MICs 

were determined by the VITEKII system. Automated testing systems are widely 

used but do not accurately detect MICs < 2 mg/L. The E test method has been 

found to provide a better prediction of treatment outcome in MRSA infection. 

Forth, this is a single center study and local differences in the epidemiology 

might make the translation of our data into clinical practice difficult. 

Notwithstanding its limitations, this study is the first study to investigate the 

association between the mortality and the level of albumin in patients with 

MRSA bacteraemia receiving vancomycin therapy.  

 

V. CONCLUSION 

A high mortality rate was noted in patients with MRSA bacteraemia receiving 

vancomcyin therapy. Pitt’s bacteraemia scores, underlying liver diseases, and 

low albumin levels at the time of culture collection were independent predictors 

of mortality in patients with MRSA receiving vancomycin therapy. Given the 

increasing recognition of the lack of response to treatment using vancomycin, a 

meticulous therapeutic approach should be considered for the treatment of 

MRSA bacteraemia, especially for patients with high Pitt’s bacteraemia scores, 

underlying liver diseases, and low albumin levels. The level of albumin may be 

a simple approach to predicting mortality in patients with MRSA bacteraemia 

receiving vancomycin therapy. Larger studies are needed to clarify the role of 

albumin level in predicting the mortality in patients with MRSA bacteraemia 

receiving vancomycin therapy.  
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ABSTRACT 

코마 신 치료   티실린 내  황색포도 균 균혈  환

에  사망  측  

 

<지도 수   > 

연 학  학원 학과 

  미 

 

코마 신 감수  보 는 티실린 내  황색포도 균 (MRSA) 

에 한 균혈 에  코마 신 치료실 는 지 적 로 보고 고 

다. 본 연 는 코마 신 치료  는 MRSA 균혈  환 에  

사망  측하는 새로운  찾고  시행 었다. 2010  

2월  2011  2월 지 진행  전향적 연  통해 코마 신 

치료   MRSA 균혈  환  총 56  본 연 에 등록 었다. 

MRSA 균혈  가진 56  환   12  사망하여 사망  

21.4%로 나타났다. 코마 신 치료  는 MRSA 균혈  환  

사망  측하는 독립적  측 는 저 간질환 (OR, 22.64; 95% 

CI, 1.28-399.26; p=0.033), Pitt  균혈  점수 (OR, 1.48; 95% CI, 1.01-2.16; 

p=0.042), 그리고 균 동정 시 혈액 내 알 민 수치 (OR, 0.03; 95% CI, 

0.01-0.53; p=0.018) 다. 결론적 로 본 연  통해  저 간질환, 

균 동정 시 저알 민혈 과  Pitt  균혈  점수  보 는 MRSA 

균혈  환 는 주   치료적 접근  필 함  알 수 었다. 

혈액 내 알 민수치는 MRSA 균혈  환 에  코마 신 치료시 

사망  측하는 간편한 접근  수  것 다. 
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