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Background: The aim of this study was to assess whether satellite blood culture (SBC) can improve turnaround 

times, antibiotic switching, and patient prognosis, relative to laboratory blood culture (LBC). 

Methods: Patients with sepsis treated in the intensive care units (ICUs) of Henan Provincial People’s Hospital from 

February 5, 2018 to January 19, 2019 who met the inclusion criteria were recruited to the study and divided 

into the SBC group and LBC group according to different blood culture methods. Patient demographics, blood 

culture, antibiotic adjustment, and prognosis data were collected and compared between the two groups. 

Results: A total of 204 blood culture sets from 52 ICU patients, including 100 from the medical microbiology 

LBC group and 104 from the SBC group, were analyzed in this study. There was no significant difference in the 

positive rates between the two groups. Time from specimen collection to incubation was significantly shorter in 

the SBC group than that in the LBC group (1.65 h vs. 3.51 h, z = − 4.09, P < 0.001). The median time from specimen 

collection to notification of blood culture positivity was 24.83 h in the SBC group and 27.83 h in the LBC group. 

Median times from adjustment of antibiotics according to the first report were 26.05 h and 51.71 h in the SBC 

and LBC groups, respectively, while those according to the final report were 97.17 h and 111.45 h, respectively. 

Median ICU lengths of stay were 15.00 days and 17.00 days in the SBC and LBC groups, respectively, and median 

ICU lengths of stay were 18.00 days and 23.50 days, respectively. Mean hospitalization costs were 157.99 and 

186.73 thousand yuan in the SBC and LBC groups, respectively. 

Conclusion: SBC can significantly reduce blood culture turnaround times; however, there were no significant 

differences between the two blood culture methods in initial reporting of positive cultures, time to adjustment of 

antibiotic therapy, or medical costs, despite a trend toward improvement. 
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ntroduction 

Sepsis describes life-threatening organ dysfunction caused by

 dysregulated host response to infection 

[1] and is a leading

ause of death worldwide. [1–4] It is important to improve the

utcomes of patients with sepsis by early detection and timely

reatment. [5] Each hour of delay in antimicrobial administration

s associated with an average decrease in survival of 7.6%. [6] 

ntibiotic treatment is a key component of therapy for sepsis.

arly targeted therapy relies on the identification of the under-
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ying pathogen. Further, identification and antibiotic suscepti-

ility tests from positive blood cultures are needed to shift from

mpiric to directed antibiotic treatment; however, the current

old standard diagnostic method, culture-based pathogen de-

ection, is limited by a delayed time to result. [7] Shorter time to

ositivity may be achieved using satellite blood culture (SBC),

here blood cultures are set up in a clinical department out-

ide the hospital microbiology laboratory (i.e., cultures are in-

ubated at the site of collection) to meet the requirement for

imely specimen incubation; however, evidence that SBC can
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ignificantly reduce the time to obtaining test results and per-

orm antibiotic adjustment in patients with sepsis is from limited

tudies and remains weak and insufficient. [8,9] 

This study extended previous investigations of patients with

epsis and examined the impact of SBC on time to results, length

f stay (LOS), and medical costs. 

ethods 

tudy design, specimen collection, and processing 

This retrospective study was performed in the Department

f Critical Care Medicine, Henan Provincial People’s Hospital,

hina. Enrollment commenced on February 5, 2018 and con-

luded on January 19, 2019. Patient inclusion criteria were as

ollows: (1) age, 18 to 85 years; (2) met the sepsis 3.0 

∗ diagnos-

ic criteria; [1] (3) ICU LOS > 48 h; (4) at least one blood culture

ottle was positive (positive: positive blood culture bottle ≥ 1,

egative: positive blood culture bottle = 0). The exclusion cri-

eria were as follows: (1) discharged or died within 48 h after

dmission; (2) pregnancy or lactation; (3) malignant tumor; (4)

ack of complete clinical data. 

Ethics approval was obtained from the Human Research

thics Committee at Henan Provincial People’s Hospital (Num-

er: (2020) Ethical Review No. (143)). 

Specimens were collected and processed according to the

linical and Laboratory Standards Institute guidelines. [10] Be-

ore culture, blood samples were stored at room temperature.

lood samples were sent to the medical microbiology laboratory

laboratory blood culture [LBC group]) for culture or were cul-

ured in the intensive care units (ICUs) (SBC group) [ Figure 1 ].

he ICU is located on the 5th floor, while the medical microbi-

logy laboratory is on the 2nd floor of the same building. The
igure 1. Flowchart of blood culture processing. LBC: Laboratory blood culture; 

BC: Satellite blood culture. 
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57 
orking hours of the medical microbiology laboratory are from

8:00 to 18:00 everyday, and specimens were collected and cul-

ured only during those working hours; at other times, blood

amples were incubated in the ICU. 

Positive cultures were Gram-stained and transferred onto

lood agar plates, chocolate agar plates, and MacConkey agar

lates simultaneously (Autobio Diagnostics Ltd). Pure colonies

ere identified for routine biochemical tests. A Phoenix 100 au-

omatic biochemical identification system (BD Diagnostics) was

sed for routine biochemical analyses, including strain identifi-

ation and susceptibility testing [ Figure 1 ]. 

When a positive signal was detected, the blood culture in-

trument alarmed and recorded the time of the positive re-

ort. The staff on duty verified the result and reported it, in-

luding whether the organism was gram negative or positive

nd anaerobic or aerobic, to clinicians via telephone. Clinicians

hen adjusted the antibiotics administered based on Gram stain-

ng results, inflammation indicators, and clinical manifestations

 Figure 1 ]. After the final report, the clinicians adjusted the an-

ibiotics again, according to susceptibility testing, if necessary.

f blood culture was negative, cultures were incubated in the

ACTEC FX40 for 5 days, and clinicians could access the final

eport through the hospital computer system [ Figure 1 ]. 

All blood culture sets comprised an aerobic and an anaerobic

ottle, and at least one set of blood cultures was collected for

ach patient. All blood culture bottles (BACTEC Aerobic Plus/F,

ACTEC Anaerobic Lytic/F) were incubated in a BACTEC FX40

nstrument. 

ata collection and definitions 

Data on the following parameters were collected and com-

ared: patient demographics, inflammation indicators, temper-

ture, Acute Physiology and Chronic Health Evaluation II score

APACHE II score), infection site, blood collection site, blood

ulture outcomes, time interval between blood culture collec-

ion and incubation, positive report, ICU LOS, hospital LOS, and

edical costs. 

The following time intervals were recorded: 

TCI: time from specimen collection until incubation. 

TCK: time from specimen collection until instrument report-

ing positive. 

TFA: time from specimen collection until antibiotic adjust-

ment, according to first report. 

TSA: time from specimen collection until antibiotic adjust-

ment, according to final report. 

tatistical analysis 

All data were statistically analyzed using SPSS soft-

are(version 21, IBM, NY, USA). The Kolmogorov-Smirnov

ethod was used to test data normality. Continuous variables

ere expressed as mean ± standard deviation or median and

nterquartile range (IQR). Categorical variables were expressed

s numbers and percentages. For continuous variables, com-

arisons between two groups with normally distributed data

ere conducted using the t -test; otherwise, the Mann–Whitney

est was used. For categorical variables, methods used included

earson’s chi-squared test, continuity correction, Fisher’s exact
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est, or likelihood ratio. Two-sided P -values < 0.05 were consid-

red statistically significant. 

esults 

aseline characteristics 

Patients with sepsis who met the inclusion criteria were re-

ruited to the study and divided into two groups according to

ifferent blood culture methods. In total, 204 blood culture sets

rom 52 patients with sepsis were analyzed: 100 cultures from

6 patients in the LBC group and 104 cultures from 26 patients

n the SBC group. 

Comparisons between demographic and clinical characteris-

ics of each group are presented in Table 1 . There were no sig-

ificant differences between the two groups, including in age,

ex, temperature before culture, APACHE II score, infection site,

lood collection site, or inflammatory markers (white blood

ell count [WBC], procalcitonin [PCT], and C-reactive protein

CRP]). 

lood cultures 

As shown in Table 2 , 45 (45.00%) of 100 blood culture sets

ere positive in the LBC group, while 57 (54.81%) of 104 blood

ulture sets were positive in the SBC group. 

ntibiotic adjustment and prognosis 

Comparisons of time intervals are shown in Table 2 . TCI in

he SBC group was significantly shorter than that in the LBC
Table 1 

Baseline characteristics of patients with sepsis. 

Characteristic LBC group ( n = 26) 

Age (years) 45.00 (30.00, 70.00) 

Sex 

Male 

Female 

17 (65.38) 

9 (34.62) 

WBC ∗ (10 9 /L) 14.95 ± 8.61 

PCT (ng/mL) 4.61 (0.74, 21.18) 

CRP (mg/L) 160.15 (84.18, 200.00) 

Temperature 38.00 (37.05, 38.10) 

APACHE II score 17.00 (10.75, 20.00) 

Infection site ∗ 

Pneumonia 

Abdominal cavity 

Pancreatitis 

Biliary 

Urinary tract 

Hematogenous 

Nervous system 

16 (61.54) 

6 (23.08) 

2 (7.69) 

1 (3.85) 

1 (3.85) 

1 (3.85) 

0 (0.00) 

Blood collection site 

Central vein 1 (3.85) 

Peripheral 12 (46.15) 

Both 13 (50.00) 

Data are presented as mean ± standard deviation, median (Interquartile range), or n
∗ One patient suffered a urinary tract infection and pneumonia; therefore, the tot

Physiology and Chronic Health Evaluation II score; CRP: C-reactive protein; LBC: La

White blood cell count. 

58 
roup (1.65 h vs. 3.51 h, P < 0.001). Median TCK, TFA, and TSA

n the SBC and LBC groups were 24.83 h and 27.83 h, 26.05 h

nd 51.70 h, and 97.17 h and 111.45 h, respectively. 

Prognosis variables for patients in the two groups are shown

n Table 2 . Median ICU and hospital LOS were 15.00 days and

7.00 days and 18.00 days and 23.50 days in the SBC and LBC

roups, respectively. The medical costs were 157.99 thousand

uan in the SBC group and 186.73 thousand yuan in the LBC

roup. 

iscussion 

Our data indicate that incubation of blood cultures at the site

f collection (SBC) significantly reduced the TCI ( P < 0.001). In

he current study, compared with the LBC group, TCI and TCK

ere reduced by 1.86 h ( P < 0.001) and 3.00 h, respectively, in

he SBC group. TFA and TSA were also reduced by 25.66 h and

y 14.28 h, respectively, although the difference was not signif-

cant, probably due to the small sample size. The ICU and Medi-

al Microbiology departments are located in the same building;

herefore, the advantage of SBC was not obvious, and the small

istance between the laboratories may be another factor con-

ributing to the lack of significance of some detected differences

etween groups. The results of our study were consistent with

hose of previous reports showing that incubation of cultures at

he collection site can significantly reduce the time to detection

f positive cultures, pathogen identification, and reporting of

ntimicrobial susceptibility test results. [8,9] Unfortunately, the

ecreased time to detection of positive cultures found in this

tudy did not translate into corresponding significant decreases

n either ICU or hospital LOS nor was there a decrease in to-

al hospital costs. A decrease in each of these parameters was
SBC group ( n = 26) Z / 𝜒2 / F P -value 

56.50 (44.75, 70.25) 1.50 0.13 

22 (84.62) 

4 (15.38) 

2.56 0.11 

11.84 ± 5.09 13.66 0.12 

4.65 (1.49, 8.23) − 0.51 0.61 

173.14 (122.78, 200.00) − 0.49 0.62 

37.65 (37.00, 38.50) − 0.18 0.85 

16.50 (15.00, 21.50) − 1.14 0.26 

6.12 0.41 

12 (46.15) 

6 (23.08) 

2 (7.69) 

3 (11.54) 

0 (0.00) 

0 (0.00) 

3 (11.54) 

1.15 0.78 

0 (0.00) 

14 (53.85) 

12 (46.15) 

 (%). 

al number of infection sites in the LBC group was 27.APACHE II score: Acute 

boratory blood culture; PCT: Procalcitonin; SBC: Satellite blood culture; WBC: 
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Table 2 

LBC and SBC group blood culture, antibiotic adjustment, and prognosis data. 

Outcome LBC group ( n = 26) SBC group ( n = 26) 𝜒2 / Z P -value 

Positive 45 (45.00) ∗ 57 (54.81) ∗ 1.96 0.21 

Negative 55 (55.00) ∗ 47 (45.19) ∗ 

TCI (h) 3.51 (1.43, 5.12) 1.65 (0.98, 3.17) − 4.09 < 0.001 

TCK (h) 27.83 (22.92, 48.66) 24.83 (18.81, 43.25) − 1.14 0.26 

TFA (h) 51.71 (41.29, 67.77) 26.05 (20.67, 46.53) − 1.82 0.07 

TSA (h) 111.45 (93.18, 117.52) 97.17 (80.81, 103.11) 0.30 0.30 

ICU LOS (days) 17.00 (4.75, 27.25) 15.00 (7.00, 24.25) − 0.18 0.86 

Hospital LOS (days) 23.50 (9.75, 38.50) 18.00 (9.75, 29.00) − 0.67 0.50 

Cost (Yuan) 186,733.88 (74,025.69, 327,015.03) 157,993 (74,607.03, 264,347.58) − 0.66 0.51 

Data are presented as median (Interquartile range) or n (%). 
∗ 100 blood culture sets in the LBC group, and 104 blood culture sets in the SBC group.Hospital LOS: Time from patient admission to the hospital to leaving the 

hospital; ICU LOS: Time from patient admission to the ICU to leaving the ICU; LBC, Laboratory blood culture; SBC: Satellite blood culture; TCI: Time from specimen 

collection until incubation; TCK: Time from specimen collection until instrument reporting positive; TFA: Time from specimen collection until antibiotic adjustment, 

according to first report; TSA: Time from specimen collection until antibiotic adjustment, according to final report. 
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a  
etected in the SBC group; however, they did not reach statis-

ical significance, partly due to the wide variation among in-

ividual patients and the small sample size. Based on our ex-

erience, these results underscore a fundamental problem con-

ronting laboratories. If possible, laboratories should select rapid

nd accurate diagnostic methods. Further, it is equally impor-

ant for laboratories to communicate these results to clinicians

n a timely manner to ensure more effective patient manage-

ent. The medical management of patients with sepsis is com-

lex, with decisions based on experience and data from various

iagnostic tests, including blood cultures. Laboratories are chal-

enged to adapt their workflow practices and to prioritize the

apid communication of blood culture data. 

It has been reported that, when TCI was only 1.86 h ear-

ier, TCK was 3.00 h earlier, which was related to laboratory

orkflows. [11] Schwarzenbacher et al. [9] controlled the incu-

ation time to within 1 h in the SBC group, and even in the

BC group, the incubation time did not exceed 8 h. In con-

rast, the incubation time obtained in the present study was

uch longer, possibly because staff were not trained to incu-

ate blood cultures as soon as possible. In support of this specu-

ation, a recent study showed that improving awareness of sepsis

n staff was associated with enhancement of pre-analytical phase

lood culture collection procedures, and isolation of bacteria by

lood culture increased 3.25-fold; [12] this approach will guide

s in making future improvements. Janapatla et al. [13] reported

hat there was no difference in time to positive detection of

athogens in bottles processed during the day or after overnight

elay, which contrasts with our hypothesis and warrants further

tudy. 

In the study reported by Schwarzenbacher et al., [9] the time

o determining positivity was longer than that in our study,

hich may be because clinicians are on 24-h duty in our hos-

ital; hence, positive outcomes could be obtained quickly for

he SBC group, while there were no staff on duty at night in

he medical microbiology laboratory (LBC group). This could

xplain why TFA was much longer than TCK in the LBC group,

hile TFA was only slightly longer than TCK in the SBC group;

owever, regarding TFA and TSA, SBC was not superior to

BC, although the median time from specimen collection to

ntibiotic adjustment was reduced by 25.66 h and 14.28 h

n the SBC group. Inconsistencies between the study reported

y Schwarzenbacher et al. [9] and our investigation may be at-

ributable to the difference in sample size. 
59 
Lack of staff during off-hours increases the risk of death

mong patients hospitalized during off-duty periods. [14] Further,

imely intervention for patients with positive blood culture re-

ults during weekends, and durations of hospital stay for pa-

ients with hospital-acquired bacteremia were significantly re-

uced after controlling for confounders. [15] 

The probability of culture positivity decreased by 16% when

he laboratory was closed. Further, the positive rates of blood

ultures may decrease by 0.3% for every 1-hour delay from

lood sample collection to incubation. [11] We found that, al-

hough the positive rate was increased in the SBC group, there

as no significant difference between the two groups inconsis-

ent with a previous study. [9] The limited number of patients

ay account for the differences in findings between the studies.

urther, blood cultures that were collected within 24 h after ad-

ission yield more positive results than those collected later. [16] 

lso, if blood cultures remain negative for 24 h, the probabil-

ty of bacteremia is 1.8%, which may contribute to antimicro-

ial therapy decisions. [17] When the time of culture incubation

s > 48 h, few true bloodstream infections can be detected. [18] In

ddition, evaluation of blood volume can improve rates of blood

ulture positivity; [19,20] therefore, clinicians can adjust empirical

ntibiotic coverage at this time, with little risk of subsequent

acterial pathogen detection. 

Shortening the processing time from specimen collection to

ositive blood culture detection can decrease hospital LOS and

ortality rate; [8,21] however, in the current study, there were

o significant differences in the duration of ICU and hospital

OS or medical cost between the two groups, although all three

actors were lower in the SBC group. This may be because of

ver-representation of older patients in the SBC group in our

tudy; the small sample size in our study may also be a reason.

herefore, further research is needed to explore the impact of

hortening processing time on hospital LOS, mortality rate, and

edical costs. 

Many studies have focused on rapid diagnostics using

ew technologies, such as multiplex Polymerase Chain Reac-

ion(PCR), matrix-assisted laser desorption ionization-time of

ight mass spectrometry, and next-generation sequencing, such

s metagenomic sequencing. [22–25] These technologies may track

athogens more quickly than SBC, but the reliability of these

ew technologies needs further verification. 

The current study was non-randomized controlled; thus, an-

lytical bias cannot be excluded. Further, the sample size in this
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tudy was relatively small. Therefore, we will design a random-

zed controlled study, with increased sample size, to provide

ore robust evidence on the outcomes associated with SBC. 

onclusions 

In conclusion, SBC can significantly reduce turnaround times

f blood cultures; however, we did not detect significance dif-

erences between the LBC and SBC groups in initial reporting

f positive cultures, time to adjustment of antibiotic therapy, or

edical costs, despite trends toward improvement. 

thical Approval 

The study was approved by the Human Research Ethics Com-

ittee at Henan Provincial People’s Hospital. All experiments in

his study were performed in accordance with relevant guide-

ines and regulations. 

vailability of Data and Materials 

The datasets analyzed during the current study are available

rom the corresponding author on reasonable request. 

onflicts of Interest 

The authors declare that they have no known competing fi-

ancial interests or personal relationships that could have ap-

eared to influence the work reported in this paper. 

cknowledgements 

The authors thank Patrick Murray, Xia Shan, Yanhong Liu,

nd Yang Liu for providing medical writing support and Jingge

hao for guidance on statistics. 

eferences 

[1] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al.
The third international consensus definitions for sepsis and septic shock (Sepsis-3).
JAMA 2016;315(8):801–10. doi: 10.1001/jama.2016.0287 . 

[2] Cecconi M, Evans L, Levy M, Rhodes A. Sepsis and septic shock. Lancet
2018;392(10141):75–87. doi: 10.1016/S0140-6736(18)30696-2 . 

[3] Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al.
Global, regional, and national sepsis incidence and mortality, 1990–2017: anal-
ysis for the Global Burden of Disease Study. Lancet 2020;395(10219):200–11.
doi: 10.1016/S0140-6736(19)32989-7 . 

[4] Xie J, Wang H, Kang Y, Zhou L, Liu Z, Qin B, et al. The Epidemiology of Sepsis in
Chinese ICUs: a National Cross-Sectional Survey. Crit Care Med 2020;48(3) e209-18.
doi: 10.1097/CCM.0000000000004155 . 

[5] Choi JS, Trinh TX, Ha J, Yang MS, Lee Y, Kim YE, et al. Implementa-
tion of complementary model using optimal combination of hematological pa-
rameters for sepsis screening in patients with fever. Sci Rep 2020;10(1):273.
doi: 10.1038/s41598-019-57107-1 . 
60 
[6] Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Duration of
hypotension before initiation of effective antimicrobial therapy is the critical de-
terminant of survival in human septic shock. Crit Care Med 2006;34(6):1589–96.
doi: 10.1097/01.CCM.0000217961.75225.E9 . 

[7] Karrasch M, Geraci J, Sachse S, Rödel J, Löffler B, Bauer M, et al. Early adjustment
of antimicrobial therapy after PCR/electrospray ionization mass spectrometry-based
pathogen detection in critically ill patients with suspected sepsis. Clin Chem Lab Med
2018;56(8):e207–9. doi: 10.1515/cclm-2017-1110 . 

[8] Kerremans JJ, van der Bij AK, Goessens W, Verbrugh HA, Vos MC. Imme-
diate incubation of blood cultures outside routine laboratory hours of op-
eration accelerates antibiotic switching. J Clin Microbiol 2009;47(11):3520–3.
doi: 10.1128/JCM.01092-09 . 

[9] Schwarzenbacher J, Kuhn SO, Vollmer M, Scheer C, Fuchs C, Rehberg S, et al.
On-site blood culture incubation shortens the time to knowledge of positivity
and microbiological results in septic patients. PLoS ONE 2019;14(12):e0225999.
doi: 10.1371/journal.pone.0225999 . 

10] CLSI Principles and procedures for blood culture; approved guideline-1st edition.
CLSI document M47-A. Wayne, PA: Clinical Laboratory Standards Institute; 2007 . 

11] Venturelli C, Righi E, Borsari L, Aggazzotti G, Busani S, Mussini C, et al. Impact of
pre-analytical time on the recovery of pathogens from blood cultures: results from
a Large Retrospective Survey. PLoS ONE 2017;12(1):e0169466. doi: 10.1371/jour-
nal.pone.0169466 . 

12] Mariani B, Corbella M, Seminari E, Sacco L, Cambieri P, Capra Marzani F, et al.
Evaluation of a model to improve collection of blood cultures in patients with
sepsis in the emergency room. Eur J Clin Microbiol Infect Dis 2018;37(2):241–6.
doi: 10.1007/s10096-017-3122-5 . 

13] Janapatla RP, Yan JJ, Chien ML, Chen HM, Wu HM, Wu JJ. Effect of overnight
storage of blood culture bottles on bacterial detection time in the BACTEC
9240 blood culture system. J Microbiol Immunol Infect 2010;43(2):126–32.
doi: 10.1016/S1684-1182(10)60020-5 . 

14] Bell CM, Redelmeier DA. Mortality among patients admitted to hospitals on
weekends as compared with weekdays. N Engl J Med 2001;345(9):663–8.
doi: 10.1056/NEJMsa003376 . 

15] Tsuboi M, Hayakawa K, Mezaki K, Katanami Y, Yamamoto K, Kutsuna S, et al.
Impact of prompt intervention in response to positive blood culture results dur-
ing weekends by collaboration between infectious disease specialists and micro-
biology laboratory staff. Eur J Clin Microbiol Infect Dis 2017;36(10):1889–97.
doi: 10.1007/s10096-017-3009-5 . 

16] Panday RSN, Wang S, van de Ven PM, Hekker TAM, Alam N, Nanayakkara PWB.
Evaluation of blood culture epidemiology and efficiency in a large European teach-
ing hospital. PLoS ONE 2019;14(3):e0214052. doi: 10.1371/journal.pone.0214052 . 

17] Lambregts MMC, Bernards AT, van der Beek MT, Visser LG, de Boer MG.
Time to positivity of blood cultures supports early re-evaluation of em-
piric broad-spectrum antimicrobial therapy. PLoS ONE 2019;14(1):e0208819.
doi: 10.1371/journal.pone.0208819 . 

18] Pardo J, Klinker KP, Borgert SJ, Trikha G, Rand KH, Ramphal R. Time to positiv-
ity of blood cultures supports antibiotic de-escalation at 48 h. Ann Pharmacother
2014;48(1):33–40. doi: 10.1177/1060028013511229 . 

19] Lin HH, Liu YF, Tien N, Ho CM, Hsu LN, Lu JJ. Evaluation of the blood volume effect
on the diagnosis of bacteremia in automated blood culture systems. J Microbiol
Immunol Infect 2013;46(1):48–52. doi: 10.1016/j.jmii.2012.03.012 . 

20] Dargère S, Parienti JJ, Roupie E, Gancel PE, Wiel E, Smaiti N, et al. Unique
blood culture for diagnosis of bloodstream infections in emergency depart-
ments: a prospective multicentre study. Clin Microbiol Infect 2014;20(11) O920-7.
doi: 10.1111/1469-0691.12656 . 

21] Procop GW, Nelson SK, Blond BJ, Souers RJ, Massie LW. The impact of tran-
sit times on the detection of bacterial pathogens in blood cultures: a college of
American pathologists Q-probes study of 36 institutions. Arch Pathol Lab Med
2020;144(5):564–71. doi: 10.5858/arpa.2019-0258-CP . 

22] Kohlmann R, Hoffmann A, Geis G, Gatermann S. MALDI-TOF mass spectrometry
following short incubation on a solid medium is a valuable tool for rapid pathogen
identification from positive blood cultures. Int J Med Microbiol 2015;305(4–5):469–
79. doi: 10.1016/j.ijmm.2015.04.004 . 

23] Ziegler I, Fagerström A, Strålin K, Mölling P. Evaluation of a commercial multiplex
PCR assay for detection of pathogen DNA in blood from patients with suspected
sepsis. PLoS ONE 2016;11(12):e0167883. doi: 10.1371/journal.pone.0167883 . 

24] Crawford E, Kamm J, Miller S, Li LM, Caldera S, Lyden A, et al. Investigating
transfusion-related sepsis using culture-independent metagenomic sequencing. Clin
Infect Dis 2020;71(5):1179–85. doi: 10.1093/cid/ciz960 . 

25] Long Y, Zhang Y, Gong Y, Sun R, Su L, Lin X, et al. Diagnosis of sepsis with cell-
free DNA by next-generation sequencing technology in ICU patients. Arch Med Res
2016;47(5):365–71. doi: 10.1016/j.arcmed.2016.08.004 . 

https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/S0140-6736(18)30696-2
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1097/CCM.0000000000004155
https://doi.org/10.1038/s41598-019-57107-1
https://doi.org/10.1097/01.CCM.0000217961.75225.E9
https://doi.org/10.1515/cclm-2017-1110
https://doi.org/10.1128/JCM.01092-09
https://doi.org/10.1371/journal.pone.0225999
http://refhub.elsevier.com/S2667-100X(21)00047-5/sbref0010
https://doi.org/10.1371/journal.pone.0169466
https://doi.org/10.1007/s10096-017-3122-5
https://doi.org/10.1016/S1684-1182(10)60020-5
https://doi.org/10.1056/NEJMsa003376
https://doi.org/10.1007/s10096-017-3009-5
https://doi.org/10.1371/journal.pone.0214052
https://doi.org/10.1371/journal.pone.0208819
https://doi.org/10.1177/1060028013511229
https://doi.org/10.1016/j.jmii.2012.03.012
https://doi.org/10.1111/1469-0691.12656
https://doi.org/10.5858/arpa.2019-0258-CP
https://doi.org/10.1016/j.ijmm.2015.04.004
https://doi.org/10.1371/journal.pone.0167883
https://doi.org/10.1093/cid/ciz960
https://doi.org/10.1016/j.arcmed.2016.08.004

	Impact of satellite blood culture on early diagnosis of sepsis
	Introduction
	Methods
	Study design, specimen collection, and processing
	Data collection and definitions
	Statistical analysis

	Results
	Baseline characteristics
	Blood cultures
	Antibiotic adjustment and prognosis

	Discussion
	Conclusions
	Ethical Approval
	Availability of Data and Materials
	Conflicts of Interest
	Acknowledgements
	References


