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Abstract

Objectives: The role of follow-up blood cultures (FUBCs) in management of gram-negative 

bacteremia (GNB) is poorly understood. This study aims to determine utility of FUBCs in 

identifying patients with increased mortality risk.

Methods: An observational study with a prospectively enrolled cohort of adult inpatients with 

GNB was conducted at Duke University Health System from 2002–2015. FUBCs were defined as 

blood cultures drawn from 24 hours to 7 days from initial positive blood culture.

Results: Among 1702 patients with GNB, 1164 (68%) had FUBCs drawn. When drawn, FUBCs 

were positive in 20% (228/1113) of cases. FUBC acquisition was associated with lower all-cause 

in-hospital mortality (20% [108/538] versus 15% [176/1164], p=0.01) and attributable in-hospital 

mortality (15% [78/538] versus 8% [98/1164]; p<0.0001). Propensity score-weighted Cox 
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proportional hazards models revealed that obtaining FUBCs was associated with reductions in all-

cause (Hazard ratio [HR]=0.629; 95% confidence interval (CI), 0.511–0.772; p<0.0001) and 

attributable mortality (HR=0.628; 95% CI, 0.480–0.820; p=0.0007). Positive FUBCs were 

associated with increased all-cause mortality (21% [49/228] versus 11% [110/885]; p=0.0005) and 

attributable mortality (12% [27/228] versus 7% [61/885]; p=0.01) relative to negative FUBCs. 

Propensity score-weighted Cox proportional hazards models revealed that positive FUBCs were 

associated with increased all-cause (HR=2.099; 95% CI, 1.567–2.811; p<0.0001) and attributable 

mortality (HR=1.800; 95% CI, 1.245–2.603; p=0.002). In a calibration analysis, a scoring system 

accurately identified patients at high risk of positive FUBCs.

Conclusions: Rates of positive FUBCs were high and identified patients at increased risk for 

mortality. Clinical variables can identify patients at high risk for positive FUBCs. FUBCs should 

be considered in the management of GNB.
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INTRODUCTION

Gram-negative bacteremia (GNB) is a major cause of morbidity and mortality in 

hospitalized patients. The estimated mortality rate due to GNB-related septic shock 

approaches 40% [1,2]. Identifying patients with GNB at high risk of poor outcomes could 

improve patient care as such patients may benefit from additional diagnostic procedures, 

surgical interventions, or novel treatment strategies.

The importance of follow-up blood cultures (FUBCs) in patients with Staphylococcus 
aureus bacteremia has been established [3,4]; however, the role of FUBCs in the treatment of 

patients with GNB is unclear. Prior studies reported that FUBCs added little value in the 

management of GNB given the low probability of culture positivity [5,6]. However, the 

small numbers of patients with GNB who underwent FUBCs in these studies limits the 

ability to draw conclusions on the optimal role of FUBCs in the management of GNB.

In the present study, we used a prospectively enrolled cohort of >1700 hospitalized patients 

with GNB to address the following objectives: 1) identify factors associated with FUBC 

acquisition; 2) determine factors associated with positive FUBCs and apply these risk factors 

in a prediction model for positive FUBCs; and 3) determine if positive FUBCs are associated 

with an increased risk for in-hospital mortality in GNB patients.

METHODS

Study Population

This is an observational study of prospectively enrolled patients. From January 1, 2002 

through June 30, 2015, all adult inpatients with monomicrobial bacteremia due to gram-

negative (GN) organisms at Duke University Medical Center and Duke Regional Hospital 

were prospectively enrolled. The study question was posed retrospectively. This study was 

IRB approved. Written informed consent was obtained from patients or their legal 
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representative. If a patient expired prior to notification of blood culture results, the subjects 

were enrolled using an IRB-approved Notification of Decedent Research. In patients with 

multiple hospitalizations with GNB over the study, only the first such hospitalization was 

included. Patients with polymicrobial bacteremia and those patients who died within 24 

hours of initial blood culture collection were excluded. Details regarding microbial 

speciation, antibiotic susceptibility testing, and infectious diseases consultation are described 

in the methods in the supplement.

Definitions

FUBC is defined as blood culture drawn from 24 hours to 7 days after the initial positive 

blood culture. Persistent GNB is defined as a positive FUBC with the same organism. 

Attributable mortality is defined as death secondary to GN infection and included all 

patients who died with persistent signs or symptoms of systemic infection, positive blood 

culture results, or a persistent focus of infection in the absence of another explanation for 

death. All-cause and attributable mortality refer to in-hospital mortality, which is death 

occurring during the hospitalization associated with the GNB episode. Additional definitions 

are described in the methods in the supplement.

Statistical Analysis

Baseline characteristics and clinical events are presented as means with standard deviation 

for continuous variables and frequencies with proportions for categorical variables. 

Statistical comparisons between groups for continuous variables were made with Mann-

Whitney-U test. For categorical variables, comparisons were made using Pearson’s chi-

square test. Binomial proportion confidence intervals were calculated using the adjusted 

Wald method. Further details regarding logistic regression models, propensity score-based 

inverse probability weighting, Cox proportional hazards models, prediction modeling, and 

classification and regression tree (CART) analyses are included in the supplement.

RESULTS

Patient characteristics and factors associated with FUBC acquisition

Of the 1702 patients with GNB who were enrolled during the study period, FUBCs were 

obtained on 1164 (68%) patients (Fig. 1). Clinical characteristics of patients who had 

FUBCs drawn were significantly different compared to those that did not have FUBCs 

drawn (Table 1). The frequency of FUBC acquisition varied by microbial species and were 

more commonly drawn for patients with Pseudomonas aeruginosa (80% [31/158]) and 

Serratia bacteremia (80% [20/101]) than in patients with Proteus bacteremia (62% [26/70]) 

(Fig. 2A, p=0.0003).

Infectious Diseases Consultation (IDC) prior to drawing FUBCs was not common in patients 

with GNB (15% [68/467]). In cases with IDC, acquisition of FUBCs (82% [56/68]) did not 

occur at significantly higher rate than in cases without IDC (74% [297/399]; p=0.17).
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Factors associated with positive versus negative FUBCs

Of patients with FUBCs drawn, 20% (228/1164) had persistent GNB (Table 1). Compared to 

patients with negative FUBCs, GNB patients with persistent GNB were less likely to be on 

effective antibiotic therapy (64% [568/885] versus 56% [127/228]; p=0.02), more likely to 

have a cardiac device (13% [30/228] versus 9% [76/885]; p=0.04), more likely to be 

hemodialysis dependent (16% [37/228] versus 11% [94/885]; p=0.02), and more likely to 

have an endovascular source of infection (25% [57/228] versus 14% [120/885]; p<0.0001) 

(Table 1). Persistent GNB decreased as the time from initial blood culture to FUBC 

increased (Supplemental Figure 1). The likelihood of persistent GNB differed significantly 

by microbial species (Figure 2B, p=0.0005). GNB patients with FUBCs yielding a different 

organism than the initial culture numbered 51/1164 (4%), with 29/1164 (2%) involving a 

new infection and 22/1164 (2%) representing contamination (Supplemental Table 1).

Association of FUBC acquisition with patient mortality

The overall all-cause and attributable in-hospital mortality rates were 17% (284/1702) and 

10% (176/1702), respectively. Patients with GNB and FUBCs had significantly lower rates 

of both all-cause in-hospital mortality (108/538 [20%] versus 176/1164 [15%], p=0.01) (Fig. 

3A) and attributable in-hospital mortality (78/538 [15%] versus 98/1164 [8%], p<0.0001) 

(Fig. 3C).

A propensity score-weighted Cox proportional hazards regression model was used to 

evaluate differences in clinical outcomes in GNB patients with and without FUBCs (Fig 3B 

and 3D). Obtaining FUBCs was found to be associated with lower rates of both all-cause 

(HR=0.629; 95% CI, 0.511–0.772; p<0.0001) and attributable mortality (HR=0.628; 95% 

CI, 0.480–0.820; p=0.0007). Detailed results from the analyses are shown in Supplemental 

Table 2. Species-specific analyses were performed for E. coli and Klebsiella pneumoniae. In 

all cases, obtaining FUBCs (relative to no FUBCs) was associated with decreased all-cause 

mortality (Supplemental Table 3). A sensitivity analysis excluding all deaths within 48 hours 

of the initial blood culture showed that FUBC acquisition remained associated with 

decreased attributable mortality (data not shown).

Association of positive FUBCs with patient mortality

Patients with persistent GNB, relative to those with negative FUBCs, exhibited increased all-

cause mortality (49/228 [21%] versus 110/885 [11%]; p=0.0005) (Fig. 3A) and attributable 

mortality (27/228 [12%] versus 61/885 [7%], p=0.01) (Fig. 3C). The all-cause mortality rate 

in GNB patients with no FUBCs drawn (20%) was similar to GNB patients with positive 

FUBCs (21%). A propensity score-weighted multivariable Cox proportional hazards 

analysis showed that persistent GNB, relative to negative FUBCs, was associated with 

increased attributable (HR=1.56; 95% CI, 1.13–2.16; p=0.007) and all-cause mortality 

(HR=1.75; 95% CI, 1.38–2.23; p<0.0001) (Supplemental Table 4).

Risk of persistent GNB among patient subpopulations

Using established methods [7,8], a risk-scoring system was constructed to estimate the 

probability of persistent GNB (AIMS risk score; Fig. 4A). Corresponding observed and 

predicted probabilities of persistent GNB are summarized in Fig. 4B. The c-statistic for the 
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predictive model was 0.65 and was consistent with the values from the bootstrap analysis c-

statistic values (median=0.66, 25%=0.65, 75%=0.68). There was no significant difference 

between the observed and predicted values (Hosmer-Lemeshow, p=0.45), indicating that the 

model was well calibrated. The predicted rate of persistent GNB was 8.6% if no risk factors 

were present and increased with the presence of each additional risk factor.

In a secondary analysis, we performed a classification and regression tree (CART) analysis 

to identify clinical or microbial (i.e., species) breakpoints separating high and low rates of 

positive FUBCs in GNB. The only identified breakpoint was source of bacteremia. The 

group containing endovascular or ‘other’ sources of bacteremia had positive FUBCs in 32% 

of cases (81/257), while all other sources of bacteremia had positive FUBCs in 17% of cases 

(147/856; p<0.0001) (Fig. S2).

DISCUSSION

GNB is common and potentially lethal. Our study evaluated the utility of FUBCs to identify 

patients with GNB who are at risk for poor outcomes. The results yielded two key 

observations.

First, positive FUBCs in patients with GNB were common. FUBCs were positive in 20% of 

patients who underwent the test and 13% of the entire cohort of >1700 GNB patients. Over 

half of GNB patients with persistent GNB had these cultures drawn while on effective 

antibiotic therapy. This result contrasts with findings of previous smaller studies suggesting 

that FUBCs are low yield in patients receiving effective antibiotic therapy [6], and 

emphasizes the importance of performing FUBCs in most patients with GNB. Rates of 

persistent GNB in our study were higher than previously reported [6,9]. Potential 

explanations for this difference include variable definitions of persistent bacteremia and our 

tertiary care patient population with more patients at high-risk for persistent bacteremia. 

Such high-risk patients include those with endovascular infections (e.g., infections of central 

lines, cardiac devices, etc.) and bacteremia with organisms exhibiting higher rates of 

persistent GNB including Serratia.

Second, patients with persistent GNB are at high risk for death. In fact, patients with 

persistent GNB were nearly twice as likely to die than those with negative FUBCs and had 

similar mortality to those in whom FUBCs were not drawn. FUBCs are clinically useful to 

identify patients with GNB at high risk for death as positive FUBCs are potential indicators 

of complicated infections (e.g., uncontrolled source, metastases to distant sites, resistance to 

currently used antibiotics, etc.). Patients with persistent GNB could thus potentially benefit 

from more aggressive diagnostic and therapeutic strategies. Similarly, it is possible that the 

increased mortality of GNB patients without FUBCs may stem in part from missed 

opportunities to diagnose and manage such complicated infections.

We believe that these mortality results are valid and generalizable for several reasons. First, 

we found comparable rates of all-cause mortality to that of a prior study examining 

nosocomial GNB [10]. Second, we identified risk factors previously associated with 

mortality in patients with GNB including site of acquisition, source of infection, and 
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antimicrobial resistance [11–13]. Finally, the finding that FUBCs identified patients with 

GNB at high risk for poor outcome remained consistent and robust throughout multiple 

propensity score-weighted Cox proportional hazards models designed to minimize 

confounding, selection bias, and survivor bias. These observations, coupled with the large 

sample size, suggest that the findings of the study are generalizable.

Given the potential drawbacks of FUBCs (e.g., increased resource utilization, increased 

costs, potential for false positives), we sought to distinguish patients at highest risk of 

persistent GNB. We developed a risk-scoring system called the AIMS score that uses 

clinical characteristics that are readily available at the time of initial positive blood culture to 

estimate a patient’s probability of persistent GNB. The identified AIMS score predictor 

variables are consistent with factors that clinicians typically associate with persistent 

bacteremia, including high-risk medical comorbidities, lack of effective antibiotic therapy, 

source of bacteremia, and certain bacteria such as Serratia. However, even in the absence of 

any identified characteristics (i.e., risk score 0), the predicted risk of persistent GNB is 

nearly 9%. Thus, clinicians should remain watchful for complications in all patients with 

GNB.

FUBCs were positive in approximately one in five in hospitalized patients with GNB, and 

when present, indicated an increased risk for mortality. FUBCs, when positive, have 

potential to identify patients in whom additional diagnostic or therapeutic interventions may 

be indicated. Conversely, negative FUBCs could help to identify low risk patients with GNB 

in whom antibiotic therapy could be de-escalated. For these reasons, FUBCs should be 

considered in the management of patients with GNB if they have any of the identified risk 

factors for persistent GNB identified in our AIMS scoring tool. This study highlights the 

need for further validation of FUBCs and the proposed scoring instrument in the 

management of patients with GNB. Arguments against the acquisition of FUBCs in patients 

with GNB have included high rate of false positive FUBCs and prolonged antibiotic use. 

Our false positive FUBC rate of 2% is below the maximum acceptable percentage of 

contaminated blood cultures (3%) according to the CLSI guidelines [14]. Although we did 

detect a statistically significant difference in the median duration of antibiotic use between 

patients who had FUBCs drawn compared to those that did not have FUBCs, this difference 

was minimal (2 days), and can be considered a more than reasonable exchange for the 

observed mortality benefit.

This study has several limitations. First, data from this study is derived from a single health 

system. However, since these results come from one of the largest cohorts of prospectively 

enrolled patients with GNB, the study makes an important contribution to our understanding 

of how FUBCs influence clinical management and outcomes in patients with GNB. Second, 

there are minimal details regarding the clinical status of the patient at the time of FUBCs 

(i.e. adequate source control, physician impression regarding clinical status). Thus, we 

cannot fully determine why blood cultures were or were not obtained. Third, additional 

outcomes including change in management based on FUBCs, rate of infection relapse, or 

increased cost associated with FUBCs were not investigated in this study. Fourth, this study 

takes place over a relatively long time period and so results may be subject to historical 

biases such as changes in the management of GNB or rates of antibiotic resistance. Finally, 
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we have little information on low risk patients with GNB who were discharged prior to 

availability of the FUBC results or who were discharged from the Emergency Department 

and not included in the study.

Despite these limitations, this study makes several clinically impactful observations. This 

study reassessed the prior view that FUBCs have little clinical utility in hospitalized patients 

with GNB and found that rates of persistent GNB are higher than expected and that 

acquisition of FUBCs can identify patients at increased risk for mortality. Further studies are 

needed to validate the use of FUBCs as part of the routine management of high-risk patients 

with GNB.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic of study population. Abbreviation: FUBC – follow-up blood culture.
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Figure 2. 
Association between bloodstream bacterial species and (A) acquisition of follow-up blood 

cultures and (B) frequency of FUBCs growing the same bacterial species as the original 

cultures in patients with gram-negative bacteremia (GNB). In (B), the 95% confidence 

intervals are shown in parentheses.
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Figure 3. 
Differences in unadjusted all-cause (A) and attributable (C) in-hospital mortality in patients 

with gram-negative bacteremia (GNB). Differences in hazard ratios of all-cause (B) and 

attributable (D) in-hospital mortality in patients with GNB, as determined by propensity 

score weighted Cox proportional hazards analyses. * – signifies p<0.05.
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Figure 4. 
AIMS risk scoring system (A) and corresponding observed and predicted probabilities (B) 

of persistent gram-negative bacteremia (GNB). Error bars represent 95% confidence 

intervals.
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Table 1.

Patients with gram-negative bacteremia with and without follow-up blood cultures (FUBCs).

Parameter

No. (%) of patients (n=1702)

p value

No. (%) of patients (n=1113)

p valueNo FUBC (n=538) FUBC (n=1164)
Negative FUBCs 

(n=885)
Positive FUBCs 

(n=228)

Mean age (yrs + SD) 62 ± 16 60 ± 16 0.005 60 ± 16 59 ± 15 0.5

Race 0.16 0.84

 White 372 (69) 750 (64) 568 (64) 149 (65)

 Black 141 (26) 355 (30) 270 (31) 69 (30)

 Other 25 (5) 59 (5) 47 (5) 10 (4)

Female 234 (44) 532 (46) 0.39 399 (45) 104 (46) 0.89

Medical History

 Recent corticosteroid use 106 (20) 305 (26) 0.004 221 (25) 70 (31) 0.08

 Neoplasm 234 (44) 430 (37) 0.009 327 (37) 79 (35) 0.52

 Diabetes mellitus 174 (32) 408 (35) 0.27 318 (36) 76 (33) 0.46

 Intravenous drug use 7 (1) 22 (2) 0.38 19 (2) 1 (<1) 0.08

 Transplant recipient 44 (8) 188 (16) <0.0001 137 (16) 44 (19) 0.16

 Rheumatologic disorder 11 (2) 31 (3) 0.44 21 (2) 10 (4) 0.1

 HIV 8 (2) 19 (2) 0.82 17 (2) 2 (1) 0.28

 Hemodialysis dependence 37 (7) 135 (12) 0.003 94 (11) 37 (16) 0.02

Site of acquistion 0.09 0.11

 Community-acquired 389 (72) 795 (68) 619 (70) 147 (65)

 Hospital-acquired 149 (28) 369 (32) 266 (30) 81 (36)

Source of infection <0.0001 0.0002

 Skin/soft tissue 29 (5) 70 (6) 59 (7) 10 (4)

 Endovascular 35 (7) 185 (16) 120 (14) 57 (25)

 Gastrointestinal 83 (15) 164 (14) 123 (14) 30 (13)

 Genitourinary 201 (37) 350 (30) 281 (32) 59 (26)

 Respiratory/lung 28 (5) 96 (8) 78 (9) 14 (6)

 Other 28 (5) 87 (8) 56 (6) 24 (11)

 Unknown 134 (25) 212 (18) 168 (19) 34 (15)

Central venous catheter 90 (17) 237 (20) 0.08 165 (19) 53 (23) 0.12

Cardiac device 30 (6) 109 (9) 0.008 76 (9) 30 (13) 0.04

Fever

 initial blood culture 364 (70) 681 (61) 0.001 531 (60) 125 (55) 0.17

 follow-up blood culture 220 (25) 73 (32) 0.03

Mean APACHE-II score (SD) 7.4 (5.4) 7.3 (5.9) 0.67 7.2 (4.8) 7.5 (4.9) 0.33

Hypotension (SBP<90) 152 (30) 259 (23) 0.002 188 (22) 57 (25) 0.26

WBC count (>10) 281 (52) 653 (56) 0.14 388 (44) 97 (43) 0.72

Hospital Service 0.36 0.13

 Medicine 349 (65) 781 (67) 608 (69) 149 (65)

 Intensive care unit 23 (4) 41 (4) 34 (4) 4 (2)

 Surgery 144 (27) 311 (27) 223 (25) 66 (29)
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Parameter

No. (%) of patients (n=1702)

p value

No. (%) of patients (n=1113)

p valueNo FUBC (n=538) FUBC (n=1164)
Negative FUBCs 

(n=885)
Positive FUBCs 

(n=228)

 Other 22 (4) 31 (3) 20 (2) 9 (4)

Days to effective therapy 0.001 0.08

 0 days 346 (64) 729 (63) 568 (64) 127 (56)

 1 day 131 (24) 237 (20) 168 (19) 59 (26)

 2 days 26 (5) 85 (7) 63 (7) 19 (8)

 ≥3 days 25 (5) 105 (9) 79 (9) 22 (10)

 Unknown 10 (2) 8 (1) 7 (<1) 1 (<1)

Duration of effective therapy <0.0001 <0.0001

 Median (range) 13 (8–16) 15 (13–19) 14 (12–18) 17 (14–24)

 ≤ 7 days 122 (23) 139 (12) 104 (12) 25 (11)

 8–14 days 227 (42) 409 (35) 345 (39) 47 (21)

 ≥15 days 166 (31) 596 (51) 419 (47) 154 (68)

 Unknown 23 (4) 20 (2) 17 (2) 2 (<1)

Antimicrobial resistance

 Fluoroquinolone susceptible 411 (81) 846 (77) 0.06 638 (77) 172 (76) 0.87

 Carbapenem susceptible 520 (97) 1083 (93) 0.003 830 (94) 202 (89) 0.01

Abbreviations: N/A – Not applicable; FUBC – follow-up blood culture; SBP - systolic blood pressire; SD – standard deviation; WBC – white blood 

cell count (>10 × 109/L).
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