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absTRaCT

objectives:  Blood cultures (BC) are essential in the evaluation of neutropenic fever. 
Modern BC systems have significantly reduced the time to positivity (TTP) of BC. This 
study explores the probability of bacteraemia when BC have remained negative for dif-
ferent periods of time.

Methods: All adult patients with neutropenia and bacteraemia were included (January 
2012–February 2016). Predictive clinical factors for short (≤16 hours) and long (>24 
hours) TTP were determined. The residual probability of bacteraemia was estimated for 
the scenario of negative BC 24 hours after collection.

Results: The cohort consisted of 154 patients, accounting for 190 episodes of bacterae-
mia. Median age 61 years, 60.5% were male. In 123 (64.7%) episodes, BC yielded a single 
Gram-positive microorganism and in 49 (25.8%) a Gram-negative microorganism (me-
dian TTP 16.7, 14.5 hours respectively, p<0.01). TTP was ≤24 hours in 91.6% of episodes. 
Central line associated bacteraemia was associated with long TTP. The probability of 
bacteraemia if BC had remained negative for 24 hours, was 1-3%.

Conclusions: The expected TTP offers guidance in the management of patients with 
neutropenia and suspected bacteraemia. The knowledge of negative BC can support a 
change in working diagnosis, and impact clinical decisions as soon as 24 hours after BC 
collection.
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InTRoduCTIon

During neutropenia, patients are at high risk to develop bacterial bloodstream infec-
tions (BSIs), which are associated with substantial morbidity and mortality.1,2 Prompt 
initiation of empiric antimicrobial therapy therefore is an essential part of the treatment 
of neutropenic patients with fever and is universally advocated by guidelines.3-8

However, fever does not necessarily indicate the presence of bacterial infection. Viral 
and fungal infections regularly occur in this patient population. Furthermore, non-in-
fectious origins of fever, for example paraneoplastic, transfusion-related, medicinal or 
thromboembolic events, can generate symptoms that clinicians usually associate with 
BSI. It is notoriously difficult to distinguish bacterial from non-bacterial pathology based 
on the first clinical assessment.

Ruling-out bacteraemia plays an important part in excluding bacterial infection. In 
contrast to excluding localised infection, using for example radiographic examinations, 
blood cultures are time-consuming. Despite tremendous efforts, there is still no reliable 
alternative for blood cultures when it comes to the detection of bacteraemia.9,10 However, 
due to improved microbiological techniques such as continuous monitoring systems, 
the time to positivity (TTP) of BCs has improved markedly over the past decades. At 
present, the majority of BCs becomes positive within 24 hours.11-13

In previous studies, data on patients with neutropenia are limited. The distribution of 
TTP in neutropenic patients may be different from the general population. Both the 
immunodeficiencies and the specific microbiology in these patients may influence TTP. 
Knowledge of TTP is particularly relevant with respect to the differential diagnosis of 
(persisting) fever and may have consequences for both the diagnostic approach and 
rational choice and duration of empiric antimicrobial therapy. Taking into account the 
negative implications of broad-spectrum empiric therapy like toxicity, interactions with 
co-medication, and development of antimicrobial resistance, timely differentiation 
between bacterial and non-bacterial pathology are warranted.14-17

The objective of this study was to determine the distribution of the time-to-positivity 
(TTP) of BCs in patients with neutropenia, that is to assess after how many hours of 
negative BC results detection of bacteraemia becomes unlikely. In addition, we aimed 
to identify clinical characteristics that predict late (>24 hours) positivity of BCs in this 
specific patient population.
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MeThods

Setting and Study population
The study was performed at the Leiden University Medical Center (LUMC), a tertiary care  
hospital with a dedicated haematopoietic stem cell transplantation program. During the 
period of study (January 1st 2012 to February 1st 2016), all consecutive patients, aged 
≥18 years with neutropenia and mono- or polymicrobial bacteraemia were included. 
Eligible patients were identified through search of the BC database of the Department of 
Medical Microbiology. Neutropenia was defined as an absolute neutrophil count below 
0.5 x 109 cells/L at the day of BC collection. Patients were eligible for inclusion if the 
episode of bacteraemia developed during admission as well as when presenting at the 
emergency or an outpatient department. Multiple episodes of bacteraemia per patient 
were allowed if the antimicrobial therapy for the previous episode had been completed 
and clinical cure had been achieved.

Coagulase-negative staphylococci (CoNS) and other common skin contaminants needed 
to be isolated from at least two separate BC-sets, have identical susceptibility patterns 
and reason for initiation of directed antimicrobial therapy, to be eligible for inclusion.

In the LUMC, standard empiric antibiotic treatment in case of suspected sepsis during 
neutropenia is cefuroxime plus gentamicin or vancomycin plus ceftazidime, depending 
on antibiotic pre-treatment.

Data collection
Clinical variables were collected from the electronic patient records, and included 
patient demographics, medical history and clinical variables at the time BCs were ob-
tained. Other measured parameters included admission to the intensive care, length of 
hospitalisation and 30-day mortality. The classification of the source of infection was 
based on the documented diagnosis and review of the available clinical, radiological 
and microbiological information. For central line- associated bloodstream infection 
(CLABSI) specifically, a central line had to be in place within the 48 hours prior to BC 
collection. The clinical data were independently collected and classified by two of the 
investigators (EW and ML). In case of inconsistencies, a third investigator (MB) was in-
volved. Detailed data about the BCs were obtained from the database of the Department 
of Medical Microbiology. Approval for the study was obtained from the institutional ethi-
cal re-view board.BC handling procedures and laboratory techniques

A minimum of one BC set (anaerobic and aerobic culture bottle) was collected. The time of 
bedside collection was automatically recorded, as an imperative part of the BC ordering 



Time to positivity of blood cultures in patients with neutropenia 45

procedure, in the electronic patient file. BCs were directly transported to the Department 
of Medical Microbiology and placed in the BACTEC FX continuous monitoring system 
(Becton Dickinson B.V., Breda), which detects microbiological growth through measure-
ment of bacterial CO2 production and automatically records the time of BC positivity.

Definition of time to positivity.
TTP was defined as the time between BC collection and the positive BACTEC signal. If 
multiple separate BCs from one patient were collected within a time frame of two hours, 
the bottle with the shortest TTP was used for analysis.

Because of its design as a ‘real-life’ clinical study, laboratory closing hours had to be 
taken into account. When a BC was incubated after working hours (Monday to Friday after 
5 p.m., Saturday/Sunday after 1.00 p.m.) technical registration in the culture system was 
delayed to the next morning. In bottles that reached positivity before registration, the 
culture was recorded positive at the time of registration, between 8 and 9 a.m., instead 
of upon positive signalling. This resulted in an overestimation of the TTP. In unregistered 
bottles that were placed after 17:00, referred to as ‘evening bottles’, the TTP is ≤16 hours 
by definition (in weekends TTP ≤20 hours).

Statistical analyses
Normally and non-normally distributed continuous variables were compared by 
Student-t test and Mann-Whitney U test, respectively. Univariate risk factor analysis for 
binominal variables was performed using cross tables and Fisher’s exact statistical tests. 
Results are reported as risk ratios (RR) with 95% confidence intervals (95%CI). multivari-
able analysis was performed to analyse independent predictors for short (≤16 hours) 
and late (>24 hours) TTP. The variables for the multivariable analysis were selected 
based on p <0.20 in the univariate analysis and plausibility.

To detect a potential effect of a repeated measurement phenomenon through inclusion of 
>1 episode for a proportion of the patient population, both the univariate and multivari-
able analyses were repeated using a generalized estimating equation model correcting 
for repeated measures. The median TTP was calculated by including the overestimated 
TTP of ‘evening’ and ‘weekend bottles’, and in an extra analysis with bottles with exact 
TTP data only (Supplementary files). ‘Weekend bottles’ were excluded from the categori-
cal TTP analyses, as it was unknown whether TTP was ≤16 hours in these episodes.

The association between short TTP (≤16 hours) and 30-day mortality was evaluated by 
Kaplan-Meier analysis, using the Log-rank test.

All statistical analyses were performed with the IBM SPSS Statistics, version 23.
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ResulTs

Study population characteristics
A total of 190 episodes in 154 patients were included. The median age was 61 years (IQR 
47-67) and 115 (60.5%) were men. In the majority (66.8%) of patients, neutropenia was 
caused by the antineoplastic treatment of a haematological malignancy. Antimicrobial 
agents, mainly consisting of ciprofloxacin (93 episodes) and penicillin (77 episodes) pro-
phylaxis, were used in 75.8% of patients at the time of BC collection (Table 1). Hundred 
and twenty-six patients (81.8%) had one episode of bacteraemia, 25 patients (16.2%) 
had two episodes, and three patients (1.9%) were included with three episodes. One 
patient had five separate episodes of bacteraemia. In 20 episodes (10.2%) BCs were 
placed and became positive during evening hours (‘evening bottles’, TTP≤16 hours) and 
in 8 episodes (4.2%) during a weekend (‘weekend bottles’, TTP≤20 hours).

In Table 2 the pathogen distribution and median TTP per micro-organism are summa-
rized. In the majority of episodes the source of bacteraemia was chemotherapy induced 
mucositis or a CLABSI was diagnosed.

Time-to-positivity
Overall, the median TTP was 15.6 hours (IQR 13.6-18.9 hours). Figure 1 displays the 
distribution of TTP. The TTP was ≤24 hours in 91.6 % of episodes. In all episodes without 
antibiotic pre-treatment, the TTP was less than 24 hours. The median TTP was shorter in 
episodes with Gram-negative bacteraemia, as compared to episodes with Gram-positive 
bacteraemia (14.5 hours versus 16.7 hours respectively, p<0.01).

Short time to positivity (≤16 hours)
In the univariate analysis, presentation at the outpatient clinic or Emergency Depart-
ment, being clinically moderately or severely ill and a gastro-intestinal source of infec-
tion correlated with short TTP (≤16 hours). Mono-microbial Gram-negative bacteraemia 
and polymicrobial bacteraemia were associated with TTP ≤16 hours (Table 3). In the 
multivariable analysis (Supplementary files) presentation at the outpatient clinic or first 
aid department (adjusted OR 3.53 95%CI 1.14-10.90, p<0.03), making a moderately or 
severely ill impression during physical examination (adjusted OR 2.51, 95%CI 1.19-5.32, 
p=0.02), a gastro-intestinal tract infection (adjusted OR 2.25 95% CI 1.09-4.65, p=0.03) 
and Gram-negative bacteraemia (adjusted OR 2.82 95%CI 1.07-7.45, p=0.04) were in-
dependently associated with a TTP ≤16 hours. A history of diabetes (adjusted OR 0.23 
95%CI 0.07-0.74, p=0.01) was inversely correlated with a short TTP. No relevant effect 
of including >1 episode per patient was detected through correction by a generalized 
estimating equations model.
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Table 1. Characteristics of bacteraemia in patients (n=154, 190 episodes) with neutropenia.
Clinical variable n = 190 (100%)
Patient demographics

Male gender 115 (60.5)

Age (years) , (median IQR) 61 (47-67)

Medical history

Haematological malignancy 127 (66.8)

Solid malignancy 26 (13.7)

Stem cell transplantation 75 (39.5)

Solid transplantation 2 (1.1)

Diabetes mellitus 21 (11.1)

Prednisone use past 6 months 122 (64.2)

Clinical presentation

Temperature>38.0 °C 155 (81.6)

Systolic blood pressure (mmHg) (median IQR) 122 (109-138)

Pulse rate (bpm) (median IQR) 106 (91-120)

Neurologic status:

No abnormalities 122 (64.2)

Somnolent 7 (3.7)

Confused 9 (4.7)

Sedated 7 (3.7)

Clinical impression:

Acutely or moderately ill 83 (43.7)

Not ill 63 (33.2)

Central venous catheter in situ 126 (66.7)

Antibiotic pre-treatment 144 (75.8)

Hospitalization before BCa (days) (median IQR) 12 (0.1-18.4)

Microbiological parameters

Monomicrobial Gram-positive bacteraemia: 123 (64.7)

Monomicrobial Gram-negative bacteraemia 49 (25.8)

Polymicrobial bacteraemia 18 (9.5)

Source of infection

Gastro-intestinal 67 (35.3)

Central venous catheter 56 (29.5)

Respiratory 12 (6.3)

Endovascular (e.g. thrombus) 7 (3.7)

Urinary tract 5 (2.6)

Skin and soft tissue 5 (2.6)

Other 6 (3.2)

Not identified 32 (16.8)

Outcome

ICU/MCUb admission during hospitalization 48 (25.3)

Hospitalization after BC (days) (median IQR) 14 (9-25)

30-day mortality 47 (24.7)

Time between culture and death (days) (median IQR) 58 (12-193)

legend: a BC=blood culture b ICU/MCU = intensive care unit / medium care unit. c In-hospital mortality = mortality during 
hospitalization episode.
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Table 2. Pathogen distribution and median time to positivity(TTP) (190 episodes).

Pathogen number of episodes (%) Median TTP (hours) (range)

Overall 190 (100) 15.6 (7.3-62.5)

Gram-positive: 123 (65) 16.7 (8.5-62.5)

Enterococcus spp. 57 (30) 15.5 (10.5-52.0)

Streptococcus spp. 19 (10) 15.0 (8.5-47.4)

Staphylococcus aureus 4 (2) 15.5 (13.0-19.8)

CoNSa 36 (19) 19.1 (12.0-31.2)

Other (including anaerobes) 7 (4) 19.3 (9.3-51.7)

Gram-negative: 49 (26) 14.5 (7.3-55.6)

Escherichia coli 24 (13) 12.5 (7.3-18.3)

Pseudomonas aeruginosa 11 (6) 17.8 (14.5-23.4)

Enterobacter spp. 5 (3) 14.4 (11.8-16.3)

Klebsiella spp. 3 (2) 13.2 (12.9-14.6)

Other (including anaerobes) 6 (3) 22.0 (13.0-55.6)

Polymicrobial 18 (9) 14.9 (8.5-22.0)

legend: a CoNS = Coagulase-negative Staphylococcus spp.

figure 1. Time to positivity and antibiotic pre-treatment distribution (190 episodes)GGraph
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Long time to positivity (>24 hours)
Univariate analysis demonstrated that antibiotic pre-treatment, CoNS bacteraemia and 
CLABSI were associated with a TTP >24 hours.  An acutely or moderately ill impression 
on physical examination was inversely correlated with long TTP (RR 0.33, 95%CI 0.11-
0.99, p=0.05) (Table 3).

In the multivariable analysis, CLABSI (adjusted OR 4.66, 95%CI 1.41-15.41, p=0.01) 
was an independent predictor of a long TTP (Supplementary files). No relevant effect 
of including >1 episode per patient was detected through correction by a generalized 
estimating equations model.

In 16 (8.4%) episodes the TTP was above 24 hours (Table 4). The BCs in the group of pa-
tients with TTP>24 hours were mono-microbial and contained exclusively Gram-positive 
or anaerobic microorganisms. In 8 (50%) episodes a CLABSI with CoNS was diagnosed. 
No bacteraemia or sepsis attributable 30-day mortality occurred in the patients with a 
TTP>24 hours. There was no association between 30-day mortality and TTP<16 hours (p 
= 0.33)
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Table 3. Univariate analysis characteristics in 182 episodes, for time to positivity (TTP) ≤16 hours and 
TTP>24 hours.

Characteristic
short TTP
(TTP≤16 hours)

long TTP
(TTP>24 hours)

RRa  (95% CI) P-value RR (95% CI) p-valueb

Patient demographics

Male gender 1.07 (0.81-1.39) 0.65 0.83 (0.32-2.16) 0.79

Age > 60 years 0.96 (0.74-1.25) 1.00 1.29 (0.50-3.30) 0.79

Medical history

Haematological malignancy 0.98 (0.76-1.27) 1.00 1.06  (0.38-2.90) 1.00

Solid malignancy 1.11 (0.78-1.59) 0.66 1.60 (0.49-5.18) 0.43

Stem cell transplantation 0.99 (0.77-1.30) 1.00 0.88 (0.33-2.30) 1.00

Diabetes mellitus 0.70 (0.40-1.21) 0.16 0.54 (0.08-3.87) 1.00

Prednisone use past 6 months 0.88 (0.68-1.14) 0.35 0.53 (0.21-1.34) 0.18

Clinical presentation

Temperature>38.0 °C 1.19 (0.80-1.75) 0.43 N.Ad 0.08

Systolic blood pressure <100 mmHg 1.28 (0.95-1.73) 0.20 N.A. 0.13

Pulse rate >100 bpm 1.00 (0.76-1.31) 1.00 2.03 (0.68-6.13) 0.28

Neurologic symptoms 1.03 (0.65-1.64) 1.00 0.65 (0.09-4.60) 1.00

Acutely or moderately ill clinical  presentation 1.65 (1.18-2.31) <0.01 0.32 (0.11-0.99) 0.05

Central venous catheter in situ 0.74 (0.57-0.95) 0.04 3.3 (0.77-13.93) 0.10

Antibiotic pre-treatment 0.82 (0.62-1.08) 0.22 N.A. 0.03

Outpatient department 1.50 (1.18-1.91) <0.01 0.20 (0.03-1.45) 0.08

Microbiological parameters

Monomicrobial Gram-positive bacteraemia 0.65 (0.51-0.84) <0.01 2.47 (0.73-8.34) 0.18

Monomicrobial CoNSc bacteraemia 0.34 (0.18-0.63) <0.01 3.92 (1.58-9.75) <0.01

Monomicrobial Gram-negative bacteraemia
Anaerobic bacteraemia

1.48 (1.16-1.89) <0.01 N.A. <0.01

Polymicrobial bacteraemia 1.47 (1.10-1.95) 0.05 N.A. 0.37

Source of infection

Gastro-intestinal 1.37 (1.07-1.77) 0.02 0.65 (0.17-1.92) 0.58

Central venous catheter 0.56 (0.38-0.81) <0.01 4.95 (1.80-13.58) <0.01

Respiratory tract 0.74 (0.37-1.46) 0.38 N.A. 0.60

Endovascular (e.g. thrombus) 0.77 (0.32-1.82) 0.70 N.A. 1.00

Urinary tract N.A. 0.07 N.A. 1.00

Skin and soft tissue N.A. 0.13 N.A. 1.00

Other 1.20 (0.68-2.16) 0.69 N.A. 1.00

Not identified 0.34 (0.05-2.46) 0.69 0.34 (0.05-2.46) 0.48

legend: a RR = relative risk. b P-values were calculated using the Fishers exact test c CoNS = Coagulase-negative Staphylo-
coccus spp test d N.A.: Relative risk not available as one of the cells contained a zero.
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dIsCussIon

Main findings
For clinical practice, the most relevant finding of the present study is that in the vast 
majority (91.6%) of patients with neutropenia and bacteraemia, BC TTP is ≤24 hours, in 
particular in patients without antibiotic pre-treatment (100%). All patients with Gram-
negative aerobic bacteraemia had positive BC results within 24 hours after venepuncture.

Moreover, from the data this study provides on TTP during neutropenia, the probability 
of positive cultures 24 hours after venepuncture can be estimated by using both the 
proportion of cultures with late positivity (8.4%) and the proportion of bacteraemia 
among all BCs that are obtained in suspected sepsis in this population (Box 1). The latter 
is highly dependent on the patient population, e.g. haematological versus oncological, 
and varies, based on previous reports, between 15% and 29%.18-23 This corresponds with 
a general probability of approximately 1-3% of a positive BC when cultures are still nega-
tive after 24 hours.

Table 4. Characteristics of episodes with a time to positivity >24 hour.

TTP
(hours)

sex,
age 
(years)a

Patho-
genb

haematological
malignancy 
or stem cell 
transplant

solid
malig-
nancy

adequate
empiric
treatmentc

source
of
infection

30-day mortality,
cause of death

24.4 M, 65 STAPHA yes no yes CLABSId treatment withdrawale

24.5 M, 65 STAPHA yes no yes CLABSI no

24.6 M,36 ENCOFE yes no yes unknown No

25.2 F, 73 STAPHA yes no no CLABSI cerebral vascular infarct

26.0 F, 70 STAPHA yes no no CLABSI no

26.1 M, 59 CLOSIN no no no gastro-intestinal no

26.2 F, 65 ENCOFE yes no yes gastro-intestinal no

26.4 M, 51 STAPHA yes no no CLABSI no

26.5 F, 51 STAPEP yes no no CLABSI fungal infection

28.5 F, 61 STAPEP yes no yes CLABSI no

31.2 M, 32 STAPEP yes no no CLABSI no

34.6 M, 69 FUSO yes no yes CLABSI no

47.4 F, 69 STREOR no yes yes gastro-intestinal treatment withdrawal

51.7 M, 27 ROMUCI yes no yes CLABSI no

55.6 F, 50 FUSO yes yes yes gastro-intestinal treatment withdrawal

62.5 M, 64 ENCOFA yes yes no CLABSI treatment withdrawal

legend: a M = male, F = female. b STAPHA = Staphylococcus haemolyticus, CLOSIN = Clostridium innocuum, ENCOFE = En-
terococcus faecium, STAPEP = Staphylococcus epidermidis, FUSO = Fusobacterium spp., STREOR = Streptococcus oralis, RO-
MUCI = Rothia mucilaginosa, ENCOFA = Enterococcus faecalis. c Adequate empirical therapy based on in vitro susceptibility 
testing. d CLABSI = central line associated bloodstream infection. e Treatment withdrawal = Discontinuation of treatment 
of the underlying disease/malignancy.
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Comparison with other studies
Only few studies have reported on TTP of BCs in patients with neutropenia, and most 
have focused on one specific pathogen. In these studies the correlation between TTP 
and clinical characteristics were only partially addressed. In the largest cohort study to 
date by Martinez et al. (n=134), TTP was 11.7 hours (IQR 9-17 hours).11 The median TTP 
found in the current study was relatively longer than in previous studies.11,12 This can 
be explained by the difference in the definition of TTP. In our study, TTP was measured 
starting from the time of BC collection at the bedside. In contrast, in most studies TTP 
was defined as the time between incubation and the positive signal. For interpretation 
and discussing the clinical consequences, the complete process should be taken into 
account.

We found that Gram-positive bacteraemia was relatively more common in patients with 
neutropenia, compared to the general patient population.11,13 This could be explained 
by both the relatively high incidence of intravascular line infections in our patient popu-
lation and the use of chemoprophylaxis (ciprofloxacin). This shift from Gram-negative to 
Gram-positive organisms in patients with neutropenia during the past few decades, due 
to chemo-prophylaxis, has been reported previously.24

Predictors for short and long TTP
The data show an association between the physicians’ clinical assessment at presenta-
tion (i.e. a more or less subjective measure) and TTP, TTP being shorter when the patient 
was assessed to be clinically ill. This could be explained by the fact that patients with 

BOX 1. Formula for calculating the probability of a positive blood culture (BC) after 24 hours of incu-
bation.

Table 4. Characteristics of episodes with a time-to-positivity >24 hour 
 

 

BOX 1. Formula for calculating the probability of a positive blood culture (BC) after 24 hours of incubation. 

 

  

TTP 
(hours) 

Sex, 
age 
(years)a 

Pathoge
nb 

haematologic
al malignancy 
or stem cell 
transplant  

Solid 
malignanc
y 

Adequate 
empiric 
treatment
c 

Source of 
infection   

30-day mortality,   
cause of death 

24.4 M, 65 STAPHA yes no yes CLABSId treatment withdrawale 
24.5 M, 65 STAPHA yes no yes CLABSI no 
24.6 M,36 ENCOFE yes no yes unknown No 
25.2 F, 73 STAPHA yes no no CLABSI cerebral vascular infarct 
26.0 F, 70 STAPHA yes no no CLABSI no 
26.1 M, 59 CLOSIN no no no gastro-intestinal no 
26.2 F, 65 ENCOFE yes no yes gastro-intestinal no 
26.4 M, 51 STAPHA yes no no CLABSI no 
26.5 F, 51 STAPEP yes no no CLABSI fungal infection 
28.5 F, 61 STAPEP yes no yes CLABSI no 
31.2 M, 32 STAPEP yes no no CLABSI no 
34.6 M, 69 FUSO yes no yes CLABSI no 
47.4 F, 69 STREOR no yes yes gastro-intestinal treatment withdrawal 
51.7 M, 27 ROMUCI yes no yes CLABSI no 
55.6 F, 50 FUSO yes yes yes gastro-intestinal treatment withdrawal 
62.5 M, 64 ENCOFA yes yes no CLABSI treatment withdrawal 
Legend: a M = male, F = female. b STAPHA = Staphylococcus haemolyticus, CLOSIN = Clostridium innocuum, ENCOFE = 
Enterococcus faecium, STAPEP = Staphylococcus epidermidis, FUSO = Fusobacterium spp., STREOR = Streptococcus oralis, 
ROMUCI = Rothia mucilaginosa, ENCOFA = Enterococcus faecalis. c Adequate empirical therapy based on in vitro susceptibility 
testing. d CLABSI = central line associated bloodstream infection. e Treatment withdrawal = Discontinuation of treatment of the 
underlying disease/malignancy. 

A tool for translation to clinical practice 

  P = (1−TTPe ) ∗ X
1 −(TTPe  ∗ X)  ∗ 100% 

P = Probability of a positive BC when the BC has remained negative after 24 hours of incubation.  

X = The fraction of positive BCs among all BCs  that are obtained in suspected sepsis in patients with neutropenia 
(centre-specific). 

TTPe =  proportion of positive BCs that are positive in ≤24 hours = 0.92 (95% CI 0.88-0.96) For a more conservative 
estimation of P, the lower bound of the 95 % CI (0.88) can be chosen for TTPe. 

Example 

In a medical centre an estimated 20% of BCs in patients with neutropenia and fever is positive.  

Then (use formula, X = 0.2 TTPe = 0.92):  If BCs are still negative after 24 hours of incubation, the probability that 
the culture will yet become positive is approximately 2 %.  

Alternatively, using the lower bound of the 95 % CI (0.88) results in a probability of  approximately 3 %.  
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Gram-negative bacteraemia usually are more severely ill compared to patients with 
bacteraemia caused by CoNS and Enterococcus spp., which have longer TTP.  Other bio-
logical factors like circulating lipopolysaccharides (LPS) during Gram-negative BSI may 
contribute to this mechanism. The association was less evident for the more objective 
parameters, such as blood pressure and pulse rate, underlining the additive value of 
bedside clinical evaluation.

Strengths and limitations
A shortcoming of the present study is the unknown exact TTP in the patients with ‘eve-
ning and weekend’ culture bottles. The inclusion of these patients, in which the actual 
TTP was shorter than the registered TTP, results in an overestimation of actual TTP. A 
separate analysis after exclusion of these episodes showed that this barely influenced 
overall TTP results (Supplementary files).  The adjusted definition of TTP, representing 
the ‘practical TTP’ instead of the ‘microbiological TTP’ used in previous studies, could 
be considered a limitation. However, the practical definition was chosen for reasons of 
applicability to daily clinical practice, as clinicians are generally not precisely informed 
about transportation times and details on incubator placing. Transportation and com-
munication logistics differ between hospitals which may impair the applicability of our 
results to centres where BCs are not directly transported to the laboratory and placed in 
the incubator or positive BCs are not directly communicated to the attending physician. 
However, direct transportation, incubation and communication represent best practice 
in the field of infectious diseases and clinical microbiology.25

The present study has several other strengths. First, to the best of our knowledge it 
represents the largest cohort of patients with neutropenia, providing insight in the 
distribution of TTP. Secondly the design of the study enables translation to daily clinical 
practice. Furthermore, the collection of clinical data in addition to microbiological data 
provides additional insight into the distribution of TTP in subcategories of patients.

Implications for practice and future research
Knowledge on the low probability of bacteraemia after 24 hours is valuable for the 
management of patients with fever and neutropenia. Primarily, in the absence of a 
source of infection, a preliminary negative BC, should impel to (re)investigate other 
(non-bacterial) causes of fever.

In addition, in the scenario of a confirmed source of infection (e.g. pneumonia), pre-
liminary negative BC results can be of value in the early de-escalation of antimicrobial 
therapy towards a targeted –small spectrum- treatment.
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In conclusion, when using modern BC systems and adequate logistics, the probability 
of bacteraemia when BCs are negative after 24 hours is very low. Based on the data of 
the present study, there is no rationale to postpone investigations into an alternative 
diagnosis beyond this point in time.
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suPPleMenTaRy daTa

Multivariable logistic regression

Table s1a. Multivariable logistic regression for short time-to-positivity (<16 hours).

Variables in the equation b s.e. Wald df sig. exp(b) 95% CI

Moderately/acutely ill 0.92 0.38 5.78 1 0.02 2.51 1.19-5.32

Central line 0.70 0.56 1.57 1 0.21 2.04 0.67-5.96

Presentation at the outpatient department 1.26 0.58 4.79 1 0.03 3.53 1.14-10.90

Source: gastro-intestinal 0.81 0.37 4.84 1 0.03 2.25 1.09-4.65

Diabetes mellitus -1.49 0.60 6.10 1 0.01 0.23 0.67-0.64

Systolic blood pressure <100 mmHg .043 0.54 0.01 1 0.94 1.04 0.36-3.00

Gram-negative bacteraemia 1.04 0.50 4.37 1 0.04 2.82 1.07-7.45

Constant -1.25 0.60 4.38 1 0.04 0.29

Table s1b. Multivariable logistic regression for long time-to-positivity (>24 hours

Variables in the equation b s.e. Wald df sig. exp(b) 95% CI

Gram-positive bacteraemia 0.31 0.72 0.19 1 0.67 1.36 0.33-5.57

Clinical impression: not ill 0.65 0.56 1.34 1 0.25 1.92 0.64-5.76

CLABSIa 1.54 0.61 6.34 1 0.01 4.66 1.41-15.41

Constant 3.58 0.66 29.70 1 0.00 0.03

legend: a CLABSI = central line associated bloodstream infection
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Separate analysis of time-to-positivity (TTP) after exclusion of evening/
weekend bottles

Table S2. Pathogen distribution and median time-to-positivity (TTP) after exclusion of weekend and evening 
bottles

Pathogen number of episodes (%) Median TTP (hours) (range)

Overall 162 (100) 15.9 (7.3-62.48)

Gram-positive: 105 (65) 16.8 (9.3-62.5)

Enterococcus spp. 45 (28) 15.5 (10.5-62.5)

Streptococcus spp. 15 (9) 14.8 (11.1-47.4)

Staphylococcus aureus 4  (2) 15.5 (13.0-19.8)

CoNSa 34 (21) 19.3 (12.0-31.2)

Other (including anaerobes) 7 (4) 19.3 (9.3-51.7)

Gram-negative: 42 (26) 14.5 (7.3-55.6)

Escherichia coli 18 (11) 12.1 (7.3-15.3)

Pseudomonas aeruginosa  11 (7) 17.8 (14.5-23.4)

Enterobacter spp. 4 (2) 13.8 (11.8-16.3)

Klebsiella spp. 3 (2) 13.2 (12.9-14.6)

Other (including anaerobes) 6 (4) 22.1 (13.0-55.6)

Polymicrobial 15 (9) 15.0 (10.15-22.0)

legend: a CoNS = Coagulase-negative Staphylococcus spp.




