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Fig. 1 Blood cultures recruited for this study. Flow diagram of the population.
As shown, a total of 245 cases were enrolled according to the inclusion and exclusion criteria. The clinical

characteristics of each group we then determind.

GNR, Gram-negative bacilli; GPC, Gram-positive cocci; GPR, Gram-positive bacilli.
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Table 1 Basic characteristics of 245 cases with Enterobacteriaceae bloodstream
infection.
No. %

Age

Age (years) (Median IQR) 77 (71-83)
Gender

Male 141 57.6

Female 104 424
Sources of bacteremia

Urinary tract infection 123 50.2

Biliary tract infection 66 26.9

Prostate infection 10 41

Febrile neutropenia 10 4.1

Intra-abdominal infection 9 3.7

Hepatic abscess 3 1.2

Skin and soft tissue infection 2 0.8

Respiratory infection 2 0.8

Complex infection 2 0.8

Catheter related blood stream infection 1 0.4

Unknown 17 6.9
Severity of illness

Pitt bacteremia score (Median IQR) 1(0-2)
Outcome

ICU entry 8 3.3

14-day mortality 12 4.9
Microorganism

Escherichia coli 147 60.0

Klebsiella spp. 67 27.3

Proteus spp. 11 4.5

Enterobacter spp. 9 3.7

Citrobacter spp. 7 29

Serratia spp. 4 1.6
Site of acquisition

General outpatient 24 9.8

Emergency outpatient 157 64.1

Inpatient 64 26.1
Drug resistance

ESBL producing 42 171
Time to positivity

TTP (hour) (Median IQR) 12 (11-15)
Treatment progress

Antibiotic pre-treatment 15 6.1

Unsusceptible first antibiotic administration 37 15.0

Clinically eligible treatment without any susceptible antibiotics 16 6.5

TTP, Time to positivity; IQR, Interquartile range; ESBL, Extended-Spectrum

B-Lactamase-Producing.
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Fig. 2 Receiver operating characteristic (ROC) curve of time to
positivity (TTP) for discriminating 14-day mortality (sen-
sitivity, 0.917; specificity, 0.687; area under the curve,
0.841; 95% confidence interval, 0.765-0.915).
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Table 2 Clinical factors and outcomes associated with time to positivity (<11 hrs or>11 hrs) in Enterobacteriaceae bloodstream

infection.
TTP>11 hrs TTP <11 hrs  Univariate R .
(n=161) (n=84) analysis Multivariate analysis
Odds ratio (95%
No. (%) No. (%) P value confidence interval) P value
Age
Age (years) (Median IQR) 76 (70-82) 80 (72-85) 0.036
Age >65 142 88.2 77 91.7 0.514 - -
Gender
Male 93 57.8 48 571 1.00 ) i
Female 68 42.2 36 42.9 ’
Sources of bacteremia
Urinary tract infection 83 51.6 40 47.6 0.592 - -
Biliary tract infection 40 24.8 26 31.0 0.363 - -
Prostate infection 8 50 2 2.4 0.501 - -
Febrile neutropenia 5 3.1 5 6.0 0.318 - -
Intra-abdominal infection 7 4.3 2 2.4 0.722 - -
Hepatic abscess 2 1.2 1 1.2 1.00 - -
Skin and soft tissue infection 2 1.2 0 0.0 1.00 - -
Respiratory infection 2 1.2 0 0.0 0.548 - -
Complex infection 1 0.6 1 1.2 1.00 - -
Catheter related blood stream infection 0 0.0 1 1.2 0.343 - -
Unknown 11 6.8 6 71 1.00 - -
Severity of illness
Pitt bacteremia score (Median IQR) 1 (0-2) 1 (0-2) 0.014 - -
Pitt bacteremia score >4 6 3.7 9 10.7 0.046 0.947 (0.224-3.99) 0.941
Outcome
ICU entry 2 1.2 6 71 0.021 4.53 (0.676-30.3) 0.120
14-day mortality 1 0.6 11 13.1 <0.001 26.6 (2.82-251) 0.004
Microorganism
Escherichia coli 88 54.7 59 70.2 0.020 2.15 (0.835-5.52) 0.113
Klebsiella spp. 51 31.7 16 19.0 0.036 0.953 (0.327-2.78) 0.930
Proteus spp. 7 4.3 4 4.8 1.00 - -
Enterobacter spp. 6 3.7 3 3.6 1.00 - -
Citrobacter spp. 5 3.1 2 2.4 1.00 - -
Serratia spp. 4 2.5 0 0.0 0.302 - -
Site of acquisition
General outpatient 20 124 4 4.8 0.070 0.323 (0.0955-1.09) 0.069
Emergency outpatient 99 61.5 58 69.0 0.264 - -
Inpatient 42 26.1 22 26.2 1.00 - -
Drug resistance
ESBL producing 27 16.8 15 17.9 0.859 - -
Treatment progress
Antibiotic pre-treatment 10 6.2 5 6.0 1.00 - -
Unsusceptible first antibiotic administration 22 13.7 15 17.9 0.453 - -
Clinically eligible treatment without any 9 5.6 7 8.3 0.423 - -

susceptible antibiotics

TTP, Time to positivity; IQR, Interquartile range; ESBL, Extended-Spectrum B-Lactamase-Producing.
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Fig. 3 Overall survival rate of patients with Rapid TTP [TTP <11
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TTP, Time to positivity.
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Table 3 Univariate and multivariate analyses of 14-day survival of 245 patients in Enterobacteriaceae bloodstream infection.

Surviving Fatal

(n=233) n=12) Univariate analysis Multivariate analysis
14-day .
- Hazard ratio (95%
No. (%) No. (%) su(r;;\)/al P value confidence interval) P value
Age
Age (years) (Median IQR) 77 (70-83) 77 (72-84) 0.626
Age 265 208 89.3 11 91.7 95.0 0.817 -
Gender
Male 135 579 6 50.0 95.7 0570 i
Female 98 421 6 50.0 93.3
Sources of bacteremia
Urinary tract infection 118 50.6 5 417 95.9 0.528 -
Biliary tract infection 64 275 2 16.7 97.0 0.410 -
Prostate infection 10 43 0 0.0 100 0.469 - -
Febrile neutropenia 8 34 2 16.7 80.0 0.016 3.60 (0.345-37.5) 0.284
Intra-abdominal infection 9 39 0 0.0 100 0.493 -
Hepatic abscess 3 13 0 0.0 100 0.696 -
Skin and soft tissue infection 2 09 0 0.0 100 0.822 -
Respiratory infection 2 09 0 0.0 100 0.750 -
Complex infection 2 09 0 0.0 - 0.750 - -
Catheter related blood stream infection 0 0.0 1 8.3 - <0.001 0.370 (0.0231-5.91) 0.482
Unknown 15 6.4 2 16.7 88.2 0.148 -
Severity of illness
Pitt bacteremia score (Median IQR) 1 (0-2) 4 (3-5) <0.001
Pitt bacteremia score >4 9 39 6 50.0 60 <0.001 14.6 (4.07-52.0) <0.001
Outcome
ICU entry 5 241 3 250 62.5 <0.001 5.75(1.00-33.0) 0.050
Microorganism
Escherichia coli 141 60.5 6 50.0 95.9 0.474 -
Klebsiella spp. 64 275 3 250 95.5 0.837 -
Proteus spp. 10 43 1 8.3 90.9 0.493 - -
Enterobacter spp. 7 30 2 16.7 77.8 0.011  2.09 (0.203-21.6) 0.536
Citrobacter spp. 7 30 0 0.0 - 0.547 -
Serratia spp. 4 1.7 0 0.0 100 0.651 -
Site of acquisition
General outpatient 23 99 1 8.3 95.8 0.205 -
Emergency outpatient 151 64.8 6 50.0 96.2 0.293 -
Inpatient 59 253 5 4.7 922 0.205 -
Drug resistance
ESBL producing 41 176 1 8.3 97.6 0.423 -
Time to positivity
TTP (hour) (Median IQR) 12 (11-15) 10 (9-11) <0.001
TTP £11 hrs 73 313 11 91.7 86.9 <0.001 19.6 (2.31-167) 0.006
Treatment progress
Antibiotic pre-treatment 13 56 2 16.7 86.7 0.112 -
Unsusceptible first antibiotic administration 35 150 2 16.7 94.6 0.847 -
Clinically eligible treatment without any 14 6.0 2* 16.7 87.5 0.121 -

susceptible antibiotics

IQR, Interquartile range; ESBL, Extended-Spectrum B-Lactamase-Producing; TTP, Time to positivity.
*: The initial treatment was appropriate.
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Fig. 4 Overall survival rate of 245 cases in the validation group
according to the prognostic score (PS) (Generalized Wil-
coxon test, p<0.001).

(P value adjustment method: Bonferroni; PS: 0 vs PS: 1 p=0.031,

PS: 0 vs PS: 2 p<0.001, PS: 1 vs PS: 2 p<0.001)
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Abstract

Time to positivity (TTP) of blood cultures is a predictor of clinical outcomes for bloodstream
infection (BSI). This retrospective study aimed to investigate the relationship between the TTP
and clinical outcomes in patients with Enterobacteriaceae BSI and to identify prognostic factors.
We included 245 patients with Enterobacteriaceae BSI identified over a 1-year period in Kainan
Hospital in Japan. TTP and other clinical parameters were determined and analyzed. The stan-
dard cut-off for TTP was 11 h for the assessment using receiver-operating characteristic curve
analysis (sensitivity, 0.917; specificity, 0.687; area under the curve, 0.841). The cumulative survival
after the blood sample collection day until day 14 was calculated using the Kaplan-Meier method.
Furthermore, the TTP and other clinical parameters associated with the 14-day mortality of pa-
tients with Enterobacteriaceae BSI were examined using Cox proportional hazards regression
analysis. Two factors, including TTP <11 h (hazard ratio, 19.6; p=0.006) and Pitt bacteremia
score (PBS) >4 points (hazard ratio, 14.6; p <0.001), were significant independent prognostic fac-
tors for 14-day mortality in multivariate analysis of the patient cohort. Two variables, assigned 1
point each, were used to create a prognostic score (PS). The 14-day survival was significantly
worse with an elevated PS: 99.4%, 93.8%, and 33.3% in PS of 0 (n=155), 1 (n=81), and 2 (n=9), re-
spectively. The risk of mortality in patients with Enterobacteriaceae BSI may be estimated us-
ing a risk score derived from the acute illness severity, as estimated based on TTP and PBS.
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