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Background. Persistent Staphylococcus aureus bacteremia (SAB) is defined based on varying duration in literature. The primary 
objective was to determine the risk of poor outcomes in relation to bacteremia duration.

Methods. Multicenter, prospective, observational study of adult hospitalized patients with SAB. Medical records were reviewed 
for pertinent data. Patients were grouped by bacteremia duration: short (1–2 days), intermediate (3–6 days), and prolonged (≥7 days) 
and compared for risk factors and outcomes.

Results. Of 884 patients, 63% had short, 28% intermediate, and 9% prolonged bacteremia. Overall mean age was 57  years, 
and 70% were male. The prolonged group had the highest proportion of methicillin-resistant SAB (P < .0001). Choice of antibiotic 
therapy did not significantly affect bacteremia duration; however, time to source-control procedure was delayed in the prolonged and 
intermediate groups compared with the short group (3.5 vs 3 vs 1 day, P < .0001). Metastatic complications, length of stay, and 30-day 
mortality were progressively worse as bacteremia duration increased (P < .0001). Every continued day of bacteremia was associated 
with a relative risk of death of 1.16 (95% confidence interval, 1.10–1.22; P < .0001), with a significant increase in risk starting at 3 days 
as determined by receiver operating characteristic analysis.

Conclusions. Optimal management of SAB should target bacterial clearance as soon as possible to minimize incremental risk of 
mortality with each day of positive blood culture. Delay in source control but not type of antistaphylococcal therapy was significantly 
associated with prolonged bacteremia and worse outcomes.
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Staphylococcus aureus bacteremia (SAB) affects an estimated 50 
in 100  000 persons, with mortality rates of 19–57% in adults 
[1]. Microbial persistence occurs in approximately one-third of 
cases despite appropriate antibiotic administration [2–4]. The 
2011 Infectious Diseases Society of America (IDSA) treatment 
guidelines for methicillin-resistant S. aureus (MRSA) infections 
recommend consideration of alternative management if blood 
cultures remain positive for 7 days [5].

Prior studies have defined persistence as ≥3  days [6–8], 
>5 days [9], or ≥7 days [3, 5, 10–15] either arbitrarily or through 
limited analysis and evaluated outcomes compared with a con-
trol group with shorter bacteremia durations. However, they 
did not assess the duration of bacteremia as a continuous var-
iable to define the breakpoint at which risk of poor outcome 
significantly increased. One study [16] evaluated the duration 

of bacteremia as a continuous variable and found a 15.9% 
increased risk of death per day of continued bacteremia; how-
ever, this study was limited by a small sample size of 59 patients, 
only 10 of whom had bacteremia durations of more than 4 days. 
Thus, our primary objectives were to determine (1) the risk of 
poor outcomes in relation to bacteremia duration in a large co-
hort of 884 patients with SAB and (2) a precise and meaningful 
outcome-based definition of persistence. The results could pro-
vide a reference time point by which treatment efficacy can be 
evaluated and compared across future studies.

METHODS

This was a prospective, observational study conducted at 3 
university-affiliated institutions in Los Angeles, California. 
All patients with first occurrence of positive blood cultures 
for S. aureus along with signs and symptoms of infection were 
identified between 2012 and 2017. Exclusion criteria were 
as follows: 1) age less than 18 years, 2) receipt of less than 48 
hours of antistaphylococcal therapy, 3)  delayed initiation of 
antistaphylococcal therapy of more than 48 h from bacteremia 
onset, 4)  polymicrobial blood culture, and 5)  not having re-
peat blood cultures drawn and had clinical failure (death or 
lack of clinical resolution in the hospital). The study protocol 
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was approved by institutional review boards at each study site. 
Informed consent was waived. Medical charts were reviewed for 
relevant data and entered into a secure database software.

Study Definitions

Sources of bacteremia were grouped relative to mortality risk: 
low (<10%), intermediate (10–20%), and high (>20%), as pre-
viously defined [17]. Bacteremia duration was calculated as the 
number of days between the first and last positive blood culture 
with S. aureus [13]. Patients without repeat blood cultures and 
who experienced clinical success were categorized as having 
1 day of bacteremia. Clinical success was defined as resolution 
of white blood cell count and vital signs towards the normal 
range and subjective well-being as documented by the physi-
cian. Nosocomial SAB was the first positive blood culture date 
48 hours or more after the admission date. Concurrent infec-
tion is the presence of a non–S.  aureus infection diagnosed 
within 48 hours of SAB onset. Definitive SAB therapy was the 
primary directed therapy prescribed for the longest duration. 
Metastatic complication was presumptive or confirmed S. au-
reus infection at a distant focus anatomically unrelated to the 
implicated source. Mortality was evaluated within 30 days from 
the first positive blood culture for S. aureus via review of the 
patient’s medical chart.

Data Analysis

The primary endpoint was all-cause 30-day mortality, and 
secondary outcomes were hospital length of stay (LOS) and 
metastatic complications. A  receiver operating characteris-
tics (ROC)–based cut-point method was utilized first to esti-
mate the optimal cutoff for the number of days of bacteremia 
for predicting 30-day mortality. The Youden index J (J = sen-
sitivity + specificity – 1 is maximized) was chosen as the most 
appropriate summary measure. To identify the incremental 
risk of 30-day mortality with each day of bacteremia, a modi-
fied Poisson regression analysis using robust error variance was 
performed, with 1  day of bacteremia as the reference group. 
A sensitivity analysis was additionally performed for the ROC 
and modified Poisson regression analysis, which included only 
patients with blood cultures drawn on consecutive days to con-
firm bacteremia duration. Patients were then grouped by bac-
teremia duration and compared for clinical data and outcomes: 
short (1–2  days of positive blood cultures), intermediate 
(3–6  days), and prolonged (≥7  days). These durations were 
chosen based on considerations of the ROC analysis performed 
above as well as published data using 3 days [13] or 7 days [5] as 
persistence definitions.

Continuous data were analyzed using Kruskal-Wallis or anal-
ysis of variance for 3 or more group comparisons with Dunn's 
or Tukey multiple comparison posthoc test; and Wilcoxon 
rank sum or Student t test for 2 groups. Categorical data were 
analyzed by chi-square or Fisher’s exact test. A P value <.05 was 

considered significant. A  univariate analysis was performed 
with the following variables: age, gender, bacteremia duration 
of 3 or more days, source-control procedure, source risk cate-
gory (low-/intermediate- vs high-risk source), Pitt bacteremia 
score, infection with MRSA versus methicillin-sensitive S. au-
reus (MSSA), and initial vancomycin with β-lactam therapy, 
followed by multivariable logistic regression analysis to deter-
mine the predictors of 30-day mortality. Multicollinearity was 
assessed among possible predictors by calculating the variance 
inflation factor for each variable. The final model was derived 
in a stepwise fashion by removing/adding variables until a 
model was reached with all predictors jointly significant at P 
≤ .05, after adjustment for age and gender. Statistical analyses 
were performed using GraphPad Prism version 4.0 (GraphPad 
Software) or SAS version 9.4 (SAS Institute).

RESULTS

Of 1186 patients screened, 884 were included. Reasons for ex-
clusion were as follows: age less than 18 years (n = 12), receipt 
of less than 48 hours of therapy (n = 126), delay of more than 
48 hours to initiate therapy (n = 22), polymicrobial bacteremia 
(n = 100), unavailable medical chart (n = 29), and lack of repeat 
blood cultures drawn (n = 13) and expiring (n = 8) or clinically 
failing (n = 5). Overall, the mean age was 57 years, 70% were 
male, and 82% had community-onset SAB (Table 1). Bacteremia 
duration ranged from 1 to 26 days; 63% had short (1–2 days; 
n = 555), 28% had intermediate (3–6 days; n = 250), and 9% had 
prolonged (≥7 days; n = 79) duration. Comorbidities were sim-
ilar across groups, except hypertension (P = .0019) and diabetes 
(P = .024) were more frequent in the prolonged group.

MRSA caused 33% (290/884) of bacteremia. Compared with 
MSSA, MRSA was associated with a nearly 3-fold increased risk 
of prolonged bacteremia duration (relative risk [RR], 2.85; 95% 
confidence interval [CI], 1.86–4.36; P < .0001). Bacteremia du-
ration did not differ by Etest (bioMérieux, Durham, NC) van-
comycin minimum inhibitory concentration (MIC) of isolates, 
with an MIC greater than 1  mg/L being similarly prevalent 
across all groups.

Patients with intermediate and prolonged bacteremia had 
significantly worse initial clinical presentation and high-risk 
sources (27%, 89/329) compared with the short group (17%, 
P = .0008) (Table 1). Endocarditis or other endovascular cause 
was least common in the short group (short vs intermediate/
prolonged: 5% [25/555] vs 23% [75/329]; P  <  .0001). Among 
patients with endocarditis, MRSA had longer bacteremia du-
ration than MSSA [median (interquartile range [IQR]): 5 (3, 
8) days vs 4 (2, 5) days; P =  .04]. A higher rate of concurrent 
infections (prolonged vs intermediate: 33% vs 20%; P= .02) and 
intensive care unit admission during SAB (prolonged vs inter-
mediate: 56% vs 36%; P= .0024) were differentiating character-
istics between the prolonged and intermediate groups.
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Management

The proportion of patients with infectious diseases (ID) consulta-
tion increased with bacteremia duration (short, intermediate, and 
prolonged: 50%, 66%, and 89%, respectively; P  <  .0001) (Table 
2). Notably, the time to consultation was 1 day later (median) in 

the prolonged group compared with the other groups (P= .005). 
Source-control procedures to eradicate the foci of SAB (incision 
and drainage/surgical procedure, infected hardware or catheter 
removal) were performed at similar rates in all groups (short vs 
intermediate vs prolonged: 44% vs 44% vs 56%; P = .13); however, 

Table 1. Patient Characteristics

Duration of Bacteremia

P Value
Short (1–2 d) 

(n = 555)
Intermediate (3–6 

d) (n = 250)
Prolonged (≥7 

d) (n = 79)

Age (mean ± SD), y 56 ± 16.6 58 ± 15.3 57 ± 14.4 .14

Female 168 (30) 71 (28) 23 (29) .86

Race/ethnicity  

 Non-Hispanic white 170 (31) 78 (32) 26 (33) .82

 Hispanic 224 (40) 103 (42) 29 (37)  

 Asian 49 (9) 18 (7) 7 (9)  

 African American 60 (11) 34 (14) 12 (15)  

 Other 20 (4) 7 (3) 3 (4)  

 Not reported 23 (4) 6 (2) 1 (1)  

Residence prior to admission  

 Home 400 (72) 186 (74) 56 (71) .104

 Skilled nursing facility 44 (8) 20 (8) 1 (1)  

 Othera 111 (20) 44 (18) 22 (28)  

Comorbid conditions  

 None 46 (8) 16 (6) 7 (9) .61

 Intravenous drug use 51 (9) 37 (15) 9 (11) .056

 Hypertension 249 (45) 139 (56) 48 (61) .0019

 Dyslipidemia 100 (18) 48 (19) 16 (20) .850

 Diabetes 222 (40) 87 (35) 41 (52) .024

 Congestive heart failure 63 (11) 33 (13) 5 (6) .25

 Malignancy 61 (11) 31 (12) 7 (9) .66

 Liver disease 94 (17) 44 (18) 14 (18) .97

 Renal disease 142 (26) 78 (31) 25 (32) .18

 End-stage renal disease on dialysis 100 (18) 57 (23) 19 (24) .18

 Other 246 (44) 123 (49) 29 (37) .13

3 or more comorbid conditions 300 (54) 138 (55) 44 (56) .93

History of MRSA infection 52/512 (10) 18/223 (8) 9/72 (13) .49

History of MSSA infection 59/516 (11) 15/220 (7) 10/68 (15) .08

Microbiology  

 MSSA 387 (70) 173 (69) 33 (42) <.0001

 Vancomycin MIC    .31

  ≤1 mg/L 45/170 (26) 21/68 (31) 4/8 (50)  

  >1 mg/L 125/170 (74) 47/68 (69) 4/8 (50)  

 MRSA 167 (30) 77 (31) 46 (58)  

 Vancomycin MIC    .90

  ≤1 mg/L 41/125 (33) 23 / 68 (34) 14/ 38 (37)  

  >1 mg/L 84/125 (67) 45/68 (66) 24/38 (63)  

 Nosocomial bacteremia 106 (19) 43 (17) 13 (16) .73

Duration of hospital stay prior to SAB for patients with nosocomial bacteremia 
(median, IQR), d

7 (4, 16) 5 (3, 12) 10 (5, 15) .34

Source risk of SAB  

 Low 121 (22) 60 (24) 16 (20) 0.0057

 Intermediate 338 (61) 122 (49) 42 (53)  

 High 96 (17) 68 (27) 21 (27)  

Data are no. (%) unless otherwise indicated.

Abbreviations: IQR, interquartile range; MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; 
SAB, Staphylococcus aureus bacteremia; SD, standard deviation. 
a“Other” includes other hospital, rehabilitation center, or homeless.
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the procedure was delayed by 2 days in the intermediate and pro-
longed bacteremia groups compared with the short group (me-
dian [IQR] after onset of SAB: prolonged, 3.5 [2, 9.75] days, vs 
intermediate, 3 [1, 5] days, vs short, 1 [1, 3] day; P < .0001).

There were similar rates across the 3 groups (P = .66) of use of 
an antibiotic with in vitro activity against the infecting pathogen 
initiated on or before SAB onset (overall, 72%; 634/884) (Table 
2). Delay in initiation of effective therapy by 1  day (n  =  221, 
25%) or 2 days (n = 29, 3%) after SAB onset was not associated 
with longer duration of bacteremia (P = .70). Vancomycin was 
the most common empiric therapy initiated (79%, 702/884); 
the choice of agent did not differ by MRSA versus MSSA or 
by bacteremia duration. Nearly half (48%) of all patients re-
ceived a β-lactam with vancomycin empirically. Among those 
with MSSA bacteremia initiated on a vancomycin-containing 
empiric regimen (n = 458), 89% (407/458) were changed to an 
antistaphylococcal β-lactam alone within a median of 2  days 
(IQR: 1.5, 3  days). The duration to transition from vanco-
mycin to an antistaphylococcal beta-lactam was not delayed 
in the prolonged or intermediate group compared to the short 
group (prolonged vs intermediate vs short: median 2 days vs 
2 days vs 3 days, P = .025). For patients infected with MSSA, 
higher proportions in the intermediate (81%) and prolonged 
(97%) groups received definitive therapy of antistaphylococcal 

β-lactam compared with the short group (61%) (P < .0001). The 
proportion of patients with MSSA bacteremia experiencing 3 
or more days of bacteremia was similar regardless of whether 
patients were initiated on vancomycin and then de-escalated 
to an antistaphylococcal β-lactam (100/309, 32%) or were on 
an antistaphylococcal β-lactam on the first day of bacteremia 
(14/35, 40%) (P = .45) (Supplementary Material).

Among patients infected with MRSA, empiric therapy was 
initiated with vancomycin (86%), linezolid (5%), daptomycin 
(4%), or other (5%); the choice of agent was similar among the 3 
SAB duration groups (P = .67) (Supplementary Material). As the 
duration of bacteremia increased, patients were more likely to be 
receiving daptomycin therapy as definitive therapy (prolonged 
vs intermediate vs short: 52% vs 36% vs 24%; P < .0001), whereas 
the short group remained on vancomycin therapy (prolonged vs 
intermediate vs short: 26% vs 56% vs 63%; P < .0001) (data not 
shown). Time to change from empiric therapy to daptomycin 
was the longest at a median of 4 days (IQR: 3, 7 days) in the 
prolonged group compared with 3  days in the intermediate 
(IQR: 1, 4 days) and short (IQR: 1, 3 days) groups (P = .0017). 
Excluding patients in the short group, MRSA patients who were 
initiated on vancomycin empirically (n = 106) but switched to 
daptomycin within 72 hours following SAB onset (n = 31) had a 
similar duration of bacteremia (median: 6 days; IQR: 3, 8 days) 

Table 2. Clinical Presentation and Management of Staphylococcus aureus Bacteremia

Duration of Bacteremia

P Value
Short (1–2 d)  

(n = 555)
Intermediate (3–6 d)  

(n = 250)
Prolonged (≥7 d)  

(n = 79)

Pitt bacteremia score (median, IQR) 0 (0, 2) 1 (0, 2) 1 (0, 2) .019

 ≥2 169 (30) 96 (38) 31 (39) .046

 ≥4 58 (10) 30 (12) 12 (15) .42

ICU stay during SAB 158 (28) 89 (36) 44 (56) <.0001

Duration of ICU stay (median, IQR), d 5 (2, 12) 5 (2, 11) 11 (4, 22.5) .028

Need for vasopressors 72 (13) 60 (24) 25 (32) <.0001

Concurrent infections 127 (23) 50 (20) 26 (33) .064

ID consultation 278 (50) 165 (66) 70 (89) <.0001

Time to receipt of ID consult from SAB onset (median, IQR), d 2 (1, 4) 2 (1, 4) 3 (2, 6) .0005

Procedure performed for source control 245 (44) 109 (44) 44 (56) .13

 Incision and drainage 123 (50) 42 (38) 23 (52) .099

 Catheter removal 94 (38) 54 (50) 15 (34) .088

Time to source-control procedure (median, IQR), d 1 (1, 3) 3 (1, 5) 3.5 (2, 9.75) <.0001

Initial active antibiotic therapy    .85

 Vancomycin monotherapy 170 (31) 76 (30) 30 (38)  

 Vancomycin and β-lactam 273 (49) 118 (47) 35 (44)  

 Antistaphylococcal β-lactam 21(4) 12 (5) 3 (4)  

 Other 91 (16) 44 (18) 11 (14)  

Time to start active antibiotic therapy    .66

 Prior to SAB onset 51 (9) 18 (7) 4 (5)  

 On day of SAB onset 355 (64) 159 (64) 47 (59)  

 1-day delay from onset of SAB 131 (24) 65 (26) 25 (32)  

 2-day delay from onset of SAB 18 (3) 8 (3) 3 (4)  

Data are no. (%) unless otherwise indicated.

Abbreviations: ICU, intensive care unit; ID, infectious diseases; IQR, interquartile range; SAB, Staphylococcus aureus bacteremia.
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compared with those who remained on vancomycin (n = 67) 
(median: 5 days; IQR: 4, 8 days; P = .98). The prolonged group 
was more likely to receive combination regimens as definitive 
therapy (prolonged vs intermediate vs short: 57% vs 34% vs 
16%; P < .0001).

Clinical Outcomes

The primary (30-day mortality) and secondary (LOS and met-
astatic complications) outcomes were progressively worse as 
bacteremia duration increased (Table 3). The highest pro-
portion of the  patients who died had sources of endocarditis 
(20%) and pneumonia (18%). When bacteremia duration was 
considered as a continuous variable, each additional day of bac-
teremia increased mortality risk by 16% compared with those 
with 1 day of bacteremia (RR, 1.16; 95% CI, 1.10–1.22; P < .001) 
(Table 4, Figure 1). The sensitivity analysis of only patients with 
blood cultures drawn on consecutive days (n = 338) showed a 
higher risk of 20% per day of positive blood culture (RR, 1.20; 
95% CI, 1.12–1.27; P < .001) (Supplementary Material).

Of the patients who received a source-control procedure 
(n = 398), a delay of 48 hours or more in obtaining source con-
trol from SAB onset was associated with prolonged LOS (me-
dian [IQR]: 14 [8,  24] days vs 9 [6,  19] days; P  <  .0001) and 
higher 30-day mortality (10% vs 4%, P = .052) compared with 
those with an early source-control procedure.

Three days of bacteremia were found to best distinguish 
patients who died versus those who survived (J = 0.26) by ROC 
analysis and Youden index (Figure 2). By multivariable logistic 
regression analysis, after controlling for age and gender, 2 inde-
pendent predictors for 30-day mortality were as follows: dura-
tion of bacteremia of 3 days or more (adjusted odds ratio, 1.17; 
95% CI, 1.06–1.29; P = .002) and Pitt bacteremia score (adjusted 
odds ratio, 1.48; 95% CI, 1.33–1.65; P  <  .001). The final pre-
diction model showed acceptable goodness-of-fit with the 
Hosmer-Lemeshow test (χ2-statistic = 8.00, P = .43).

DISCUSSION

In this prospective, observational study of a large cohort of 884 
patients with SAB, longer durations of bacteremia were asso-
ciated with worse clinical outcomes; prompt achievement of 
source control was strongly associated with earlier bacterial 
clearance and better clinical outcomes. Surprisingly, in contrast, 
choice of antistaphylococcal therapy did not affect the duration 
of bacteremia or outcome, as long as the agent demonstrated in 
vitro sensitivity against the infecting strain.

Prior studies have defined persistence of bacteremia a priori 
as 3 days or longer [6, 7], more than 5 days [9], or 7 days or 
more [3, 5, 10–15]. We were interested in characterizing the risk 
of mortality with every continued day of bacteremia, as well as 
determining a time point predictive of outcome that may be 
used to evaluate treatment efficacy across studies.

The overall median duration of bacteremia observed in our 
study was relatively short, with 1 day for MSSA and 2 days for 
MRSA SAB. The incidence of duration of 3–6 days of bacteremia 

Table 3. Clinical Outcomes

Duration of Bacteremia

P Value
Short (1–2 d)  

(n = 555)
Intermediate (3–6 d)  

(n = 250)
Prolonged (≥7 d)  

(n = 79)

Metastatic complication 69 (12) 58 (23) 26 (33) <.0001

30-day mortality 29 (5) 28 (11) 17 (22) <.0001

Hospital length of stay for survivors (median, IQR), d 9 (6, 18) 12 (8, 21) 24 (14.75, 37.5) <.0001

Disposition    <.0001

 Home 328/548 (60) 130/249 (52) 28 (35)  

 Skilled nursing facility 100/548 (18) 43/249 (17) 11 (14)  

 Outside hospital 37/548 (7) 20/249 (8) 8 (10)  

 Rehab center 28/548 (5) 9/249 (4) 10 (13)  

 Homeless/other 24/548 (4) 19/249 (8) 4 (5)  

 Died 31/548 (6) 28/249 (11) 18 (23)  

Data are no. (%) unless otherwise indicated.

Abbreviation: IQR, interquartile range.

Table 4. Relative Risk of 30-Day Mortality by Duration of Bacteremia

No. of Days of 
Bacteremia Total N Mortality, %

Relative Risk  
(95% CI) P Value

1 446 4.5 Reference Reference

2 108 8.3 1.86 (0.87–3.97) .11

3 98 9.2 2.05 (0.96–4.36) .06

4 74 12.2 2.71 (1.28–5.73) .01

5 46 8.7 1.94 (0.69–5.43) .21

6 33 18.2 4.05 (1.75–9.40) .001

7 28 21.4 4.78 (2.09–10.94) <.001

8–10 30 20.0 4.46 (1.94–10.27) <.001

11+ 21 23.8 5.31 (2.21–12.76) <.001

Per day … … 1.16 (1.10–1.22) <.001

N = 884. The numbers of days of infection at 8–10 and 11+ were collapsed to account for 
the observed sample sizes.

Abbreviation: CI, confidence interval.
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was 28% and for durations of 7 days or more was 9%, which is 
similar to previously reported incidence of 8–38% for 3 or more 
days [6, 7], 4–20% for more than 5 days [9, 18, 19], and 8–16% 
for 7 days or more [3, 10, 13–15]. We have shown that bacte-
remia caused by MRSA is significantly prolonged compared 
with MSSA, which is similar to prior studies [7, 20]. Fowler 
et al [20] found the median time to clearance to be longer with 

MRSA than MSSA bacteremia (8–9 days vs 3–4 days, respec-
tively), although their study included a much higher proportion 
of patients with endocarditis (77%) compared with ours (11%), 
which likely explains the differences in duration. In our patients 
with endocarditis, the duration of bacteremia was 3 days longer 
than in patients without endocarditis, and the median duration 
was 4 and 5  days for MSSA and MRSA endocarditis, respec-
tively. Because more patients with endocarditis had persistence 
for 3 days or more compared with those with early resolution, 
persistence for 3 days or more can be used as an additional early 
indication for obtaining ID consultation.

Although definitions of persistence have varied across prior 
studies, risk factors found to be associated with prolonged bac-
teremia, include the following: diabetes [7], heart failure [14], 
chronic renal failure [3], septic shock [9], community-onset 
bacteremia [10], intravascular catheter or hardware [3, 7, 10, 
11, 21], osteoarticular infection [10], metastatic infection [3, 7, 
10, 11, 14], endocarditis [3, 7, 9], MRSA [3, 10, 22], vancomycin 
MIC of 2 μg/mL [9, 11], and vancomycin treatment [7].

It has long been debated whether an elevated vancomycin 
MIC (defined as either ≥1.5 or ≥2 μg/mL) contributes to worse 
outcomes [9, 11]. Because most of our MRSA isolates (67%) 
had Etest MICs ≥1.5 μg/mL, vancomycin MIC was not found 
to significantly influence the duration of bacteremia. Although 
use of vancomycin over cloxacillin for MSSA bacteremia was 
attributed to persistence (>3 days) in a prior study [6], treatment 
with vancomycin was unlikely to have significantly contributed 
to persistence in our MSSA cohort because only 18% in the 
intermediate group and 6% of the prolonged group remained 
on vancomycin past 72 hours from SAB onset. The compara-
tive effectiveness of different anti-MRSA regimens was beyond 
the scope of this observational study. Nonetheless, anti-MRSA 
therapy either at onset or at 72 hours was not a significant deter-
minant in the duration of bacteremia.

Receipt of ID consultation is known to significantly improve 
clinical outcome of SAB [23]. Most (89%) patients with pro-
longed bacteremia received ID consultation but this was signifi-
cantly delayed compared with the other groups. Thus, obtaining 
an ID consult early during SAB appears to be a target area for 
improvement in clinical practice. In addition, although the pro-
portion of patients receiving a source-control procedure was 
similar among the 3 groups, patients in the short group under-
went their procedure significantly earlier than the persistent 
groups by 2 days. This is similar to findings by Chong et al [10], 
where a delay of more than 3 days in source-control procedure 
was associated with persistence. Early source control continues 
to be an important cornerstone in SAB management to promote 
bacterial clearance.

Persistent bacteremia has been shown to significantly in-
crease the risk of morbidity and/or mortality [3, 7, 9–11, 18]. 
We evaluated the duration of persistence as a continuous var-
iable and found the risk of mortality significantly increased by 

Figure 2. ROC curve to determine the cutoff to differentiate 30-day mortality 
versus survivors. The ROC curve with corresponding labels for the number of days 
of infection for several optimality criteria plotted for 30-day mortality. The cut-point 
at 3 days was found to minimize the absolute distance between sensitivity and 
specificity (diff = 0.04) and the distance to the (0,1), or “ideal” point (D  = 0.53). 
Label C is the cut-point with the maximum correct classification rate. Label Y is the 
cut-point with the maximum Youden index. Abbreviation: ROC, receiver operating 
characteristics.

Figure 1. Relative risk (95% confidence interval) of mortality by duration of bac-
teremia (N = 884). The numbers of days of infection at 8–10 and 11+ were collapsed 
to account for the observed sample sizes.
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16% per day of positive blood cultures. This confirms findings by 
Rose et al [16] of 15.9% in a limited sample of 59 SAB patients. In 
our sensitivity analysis of 338 patients with blood cultures drawn 
on consecutive days, we found an even greater risk of an increase 
of 20% per day. These findings underscore the urgency to inten-
sify management efforts aimed at sterilizing blood cultures as 
soon as possible rather than awaiting results from subsequent 
blood cultures. These efforts include surgical interventions for 
foci eradication and prescribing rapidly bactericidal antibiotics.

By ROC analysis, we found 3 days to be the most significant 
duration to differentiate survival versus death. In support of 
our findings, Khatib et al [13] observed that any complication 
(metastatic foci, relapse, or attributable mortality) (P = .05) was 
significantly more common for patients with 3 or more days of 
bacteremia. Rose et al [16] found significant mortality differences 
with bacterial persistence of 4.5  days by Classification and 
Regression Tree analysis, although only 10 of 59 total patients 
had more than 4 days of bacteremia. The 2011 IDSA guidelines 
for treatment of MRSA currently note that persistence of 7 or 
more days should prompt an assessment to change therapy after 
considering clinical response and attainment of source control 
[5]. However, results from our large cohort of 884 patients sup-
port a much earlier time point of 3 days for assessing the need 
to alter management approach. Because rapid diagnostic tech-
nology has significantly shortened time to SAB diagnosis [24, 
25], early optimization of management may be achieved as soon 
as 3 days to effect positive outcomes. In settings where SAB di-
agnosis may not be feasible within 3 days, early optimization of 
management should be made as soon as possible.

This study has several limitations worth noting. Due to the 
observational design, we could not control for confounding 
factors of antibiotic selection and how quickly optimal therapy 
was initiated, although these factors did not differ between the 3 
groups. Also, obtaining repeat blood cultures was at the discre-
tion of the treating physician; thus, some patients did not have 
daily repeat blood cultures drawn. This may have affected the 
bacteremia duration; however, obtaining repeat blood cultures 
is often driven by suboptimal clinical response in practice, thus 
categorizing patients without repeat blood cultures into the 
“short” group was likely appropriately placed. Recognizing this 
limitation, we conducted a sensitivity analysis of patients who 
had blood cultures drawn on consecutive days to allow calcu-
lation of definitive durations of bacteremia. Results from this 
subgroup yielded a similar ROC breakpoint of 3  days to best 
differentiate survival versus death.

Conclusions

Duration of persistence adversely affects outcomes of SAB, 
with higher rates of mortality, metastatic complications, and 
prolonged hospitalization. Because each day of positive blood 
cultures increases mortality risk by 16%, early intervention 
for foci removal, optimization of therapy, and ID consultation 

should be undertaken. Persistent SAB can be defined as posi-
tive cultures for 3 or more days, at which mortality significantly 
increased. Our findings warrant future prospective interven-
tional studies to evaluate whether early recognition of per-
sistence at 3  days to prompt a change in management could 
improve outcomes.
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