
MicrobiologyOpen. 2021;10:e1210.	 ﻿	   | 1 of 9
https://doi.org/10.1002/mbo3.1210

www.MicrobiologyOpen.com

Received: 24 January 2021  | Revised: 10 May 2021  | Accepted: 17 May 2021
DOI: 10.1002/mbo3.1210  

O R I G I N A L  A R T I C L E

Direct detection of ESKAPEc pathogens from whole blood 
using the T2Bacteria Panel allows early antimicrobial 
stewardship intervention in patients with sepsis

Pavel Drevinek1  |   Jakub Hurych1  |   Milena Antuskova1 |   Jan Tkadlec1  |   
Jan Berousek2 |   Zuzana Prikrylova2 |   Jiri Bures2 |   Jaromir Vajter2 |   Martin Soucek3 |   
Jan Masopust3 |   Vendula Martinkova4 |   Jaroslava Adamkova4 |   Veronika Hysperska5 |   
Eliska Bebrova1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. MicrobiologyOpen published by John Wiley & Sons Ltd.

1Department of Medical Microbiology, 
2nd Faculty of Medicine, Charles 
University, Motol University Hospital, 
Prague, Czech Republic
2Department of Anesthesiology and 
ICM, 2nd Faculty of Medicine, Charles 
University, Motol University Hospital, 
Prague, Czech Republic
3Department of Internal Medicine, 1st 
Faculty of Medicine, Charles University in 
Prague, Motol University Hospital, Prague, 
Czech Republic
4Department of Surgery, Faculty of 
Medicine, Charles University, Motol 
University Hospital, Prague, Czech 
Republic
5Department of Rehabilitation and Sports 
Medicine, 2nd Faculty of Medicine, 
Charles University, Motol University 
Hospital, Prague, Czech Republic

Correspondence
Pavel Drevinek, Department of Medical 
Microbiology, 2nd Faculty of Medicine, 
Charles University, Motol University 
Hospital, Prague, Czech Republic.
Email: pavel.drevinek@lfmotol.cuni.cz

Funding information
Ministerstvo Zdravotnictví Ceské 
Republiky, Grant/Award Number: 
15-28157A

Abstract
In the microbiological diagnosis of bloodstream infections (BSI), blood culture (BC) is 
considered the gold standard test despite its limitations such as low sensitivity and 
slow turnaround time. A new FDA-cleared and CE-marked platform utilizing mag-
netic resonance to detect amplified DNA of the six most common and/or problematic 
BSI pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas aeruginosa, and Escherichia coli; referred to 
as ESKAPEc) is available and may shorten the time to diagnosis and potentially im-
prove antimicrobial utilization. Whole blood samples from hospitalized patients with 
clinical signs of sepsis were analyzed using the T2Bacteria Panel (T2Biosystems) and 
compared to simultaneously collected BC. Discrepant results were evaluated based 
on clinical infection criteria, combining supporting culture results and the opinion of 
treating physicians. A total of 55 samples from 53 patients were evaluated. The sen-
sitivity and specificity of the T2Bacteria panel was 94% (16 out of 17 detections of 
T2Bacteria-targeted organisms) and 100%, respectively, with 36.4% (8 of 22) causes 
of BSI detected only by this method. The T2Bacteria Panel detected pathogens on 
average 55 hours faster than standard BC. In our study, 9 of 15 patients with positive 
T2Bacteria Panel results received early-targeted antibiotic therapy and/or modifica-
tion of antimicrobial treatment based on T2Bacteria Panel findings. Given the high 
reliability, faster time to detection, and easy workflow, the technique qualifies as a 
point-of-care testing approach.
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1  |  INTRODUC TION

Bloodstream infections (BSIs) are characterized by high morbidity 
and mortality, consequences that have been linked to delays in 
early and accurate administration of antimicrobials (Kumar et al., 
2006).

Timely detection of BSI pathogens is an unmet need in today's 
medical microbiology practice, remaining largely dependent on 
blood culture (BC) (Idelevich et al., 2019). BC performance is being 
continuously improved with new protocols (Lamy et al., 2016) and 
new approaches for pathogen identification and antimicrobial sus-
ceptibility determination (Bookstaver et al., 2017; Buehler et al., 
2016). However, BC still has inherent limitations including the re-
quirements for large amounts of blood and long turnaround time. 
Low sample volumes and exposure to antimicrobials prior to BC 
sample collection considerably increase the risk of false-negative BC 
results. Despite these limitations, BC remains the gold standard and 
the first-line tool for detecting BSIs.

To improve BSI management, several innovative diagnostic tech-
niques have been developed to optimize direct pathogen detection 
from whole blood samples (Peker et al., 2018; Poole et al., 2018). 
Some of them were introduced with limited success (Tkadlec et al., 
2020) or with inconclusive validation study results (Tkadlec et al., 
2019; Warhurst et al., 2015). In this study, we report real-world 
experience with the T2Bacteria Panel (T2Biosystems, USA) which 
utilizes T2 magnetic resonance (T2MR) to detect six bacterial BSI 
pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella 
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and 
Escherichia coli, referred to as ESKAPEc pathogens) directly from 
whole blood (De Angelis et al., 2018). This culture-independent 
method can greatly shorten the time to positivity and like other ex-
isting rapid diagnostic methods, when integrated with an antibiotic 
stewardship program, may reduce the time to appropriate therapy 
and possibly improve infection-related outcomes such as duration of 
hospitalization or mortality.

2  |  MATERIAL S AND METHODS

2.1  |  Study population

This prospective study was conducted between November 2018 
and April 2019 at Motol University Hospital, a tertiary care teaching 
hospital with over 2200 beds (18% of them being intensive care) and 
roughly 80,000 hospitalizations per year. Patients were eligible for 
study enrolment if they (a) were being managed by Anesthesiology 
and Intensive Care Medicine Department or by intensive care units of 
Internal Medicine (including Hematology) or Surgery Departments, 
and (b) presented clinical signs of BSI, evaluated at the discretion 
of the managing physician. Initially, only patients whose samples 
were obtained during the standard operating hours of the micro-
biology laboratory (weekdays from 6 am to 4 pm) were included to 
ensure immediate processing of blood samples. To expand patient 

recruitment, eligibility hours in April 2019 were expanded from 6 am 
to midnight (except weekends).

2.2  |  Laboratory methods

All blood samples were subjected to both culture and T2Bacteria 
Panel testing. BCs were processed using BACTEC FX™ Automated 
Blood Culture System (Becton Dickinson). Positive flagged BCs were 
primed for Gram stain. Subsequent pathogen identification from 
positive BC bottles was accomplished with matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (Bruker 
Daltonics) with the first attempt for identification made after 
2 hours of pre-incubation on solid media (Nunvar & Drevinek, 2015).

Direct detection of six bacterial pathogens on the T2Dx instru-
ment (T2Biosystems) requires 4 mL whole blood specimens. During 
processing on the T2Dx, bacteria are concentrated directly in whole 
blood, then lysed to release the DNA. After amplification, the target 
amplicon is hybridized with superparamagnetic particles and then 
detected by T2MR (Mylonakis et al., 2015). The results are available 
in as few as 3.5 hours. According to the manufacturer's instructions 
for use, the T2Bacteria Panel is indicated as an aid in the diagnosis 
of bacteremia and results should be used in conjunction with other 
clinical and laboratory data.

All results were called to the managing clinician by the medical 
microbiologist. Results were reported as target detected or target 
not detected for each of the six bacterial targets and accompanied 
with optional antimicrobial stewardship recommendations for pa-
tients with positive results.

2.3  |  Study endpoints and statistical analysis

The primary outcomes of this study were the sensitivity and speci-
ficity of the T2Bacteria Panel, which were calculated using positive 
BC and/or T2Bacteria Panel results for a T2Bacteria-targeted or-
ganism as the reference. Species detected by BC but not included 
in the T2Bacteria Panel were excluded from sensitivity and speci-
ficity calculation. Similar to Nguyen et al. and De Angelis et al., we 
developed infection criteria to resolve any discrepancies between 
T2Bacteria Panel and BC results (De Angelis et al., 2018; Nguyen 
et al., 2019). “Proven BSI” was defined as a positive BC (exclud-
ing potential BC contaminants) using a concurrently drawn speci-
men. T2Bacteria Panel results were determined to be “Probable 
BSIs” when the T2Bacteria-detected organism was isolated within 
21 days from another BC specimen collected at a different time 
or from a clinical sample taken from another site (such as abdomi-
nal fluid, urine, or bronchoalveolar lavage), indicating a plausible 
cause of infection. “Possible BSI” was defined by a negative BC, 
but a positive T2Bacteria Panel result (in the absence of support-
ing culture data if the T2Bacteria Panel detected organism was 
a plausible cause of disease). Finally, the category "Unlikely BSI" 
was introduced for positive BC that did not fulfill the criteria for 
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any of the above definitions and thus represented contaminated 
BC. Proven, probable, and possible BSIs were included in the final 
sensitivity and specificity calculation.

We also quantified the time to species identification (ID) be-
tween the BC and T2Bacteria Panel and noted any antibiotic stew-
ardship interventions made as a result of the T2Bacteria Panel result. 
The time to species identification was defined as the number of 
hours between the time when a BC or T2Bacteria Panel sample was 
received in the lab and the time when the ID results were reported. 
Continuous variables were presented as means and standard devia-
tions and were compared using a two sample t-test, as appropriate. 
Categorical variables were presented as counts and percentages 
and were compared using an adjusted Wald confidence inter-
val. Differences were considered to be statistically significant for 
p < 0.05. Statistical analyses were performed by using Minitab®19 
Statistical Software (Minitab, LLC.).

3  |  RESULTS

During the study period, 55  samples were obtained and tested 
from 53 unique patient cases (Figure 1). Testing of blood samples 
by using the T2Bacteria Panel resulted in the recovery of 16 posi-
tive detections from 15 samples yielding a 27% rate of positivity 
(15 of 55). All 16 detections were considered proven, probable, 
or possible BSI based on the pre-specified definitions for BSI (see 

Methods). In total, 23 culture findings were recovered from 20 BC 
samples. As nine of them were deemed potential normal skin flora 
contaminants and not treated, only 14 findings from 14 BC sam-
ples were considered to be clinically relevant. However, five of 
them were not identifiable using the T2Bacteria Panel (Figures 1 
and 2) and thus excluded from sensitivity and specificity calcula-
tion. Since probable and possible BSIs were assumed to be true 
positives that were missed by concurrent BC, sensitivity and posi-
tive predictive value were calculated to be 94% (95% CI, 71.1%–
99.9%) and 100%, respectively (95% CI, 82.9%–100%). Only one 
false-negative T2Bacteria result (E. coli positive by BC) occurred in 
one sample that was T2Bacteria Panel-positive for another patho-
gen (S. aureus). There were 40 concordant negative detections (in 
regard to T2Bacteria Panel targeted organisms), yielding a speci-
ficity of 100% (95% CI, 92.4%–100%) and a negative predictive 
value of 98% (95% CI, 86.3%–99.9%).

The combined performance of BC and the T2Bacteria Panel for 
diagnosis of BSI is shown in Figure 3. Among all identified causes 
of proven, probable, and possible BSIs, 77% (17 of 22) of positive 
detections were included on the T2Bacteria Panel. The most com-
monly identified species were E. coli and P. aeruginosa.

The implementation of the T2Bacteria Panel decreased the 
time to species identification on average by 55 hours. The mean 
time from arrival to the laboratory to species identification was 
6.1 hours (SD ± 5.4) for T2Bacteria Panel and 62 hours (SD ± 54) 
for the conventional BC-based identification (p  =  0.001). The 

F I G U R E  1 Performance of blood 
culture (BC) and the T2Bacteria Panel 
for diagnosis of BSI. For definitions of 
Proven BSI, Probable BSI, Possible BSI, 
and Unlikely BSI, please see the Methods. 
Samples with only BC positivity (and 
T2Bacteria Panel negativity) are in blank 
boxes. 1In 1 sample, one T2Bacteria-
targeted organism was identified by 
T2Bacteria Panel that was not identified 
in the paired blood culture. In this same 
sample, one T2Bacteria-targeted organism 
was identified in the paired blood 
culture, but not by the T2Bacteria Panel. 
2In 1 sample, two T2Bacteria-targeted 
organisms were identified (Klebsiella 
pneumoniae and Pseudomonas aeruginosa). 
*Cross-reactivity between T2Bacteria 
K. pneumoniae channel and Klebsiella 
variicola was confirmed per the T2Bacteria 
Instructions For Use
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mean time from arrival to negative result was 7.4 hours (SD ± 7) 
for T2Bacteria Panel and 119 hours (SD ± 56) for the conventional 
BC (p < 0.001).

Rapid identification with the T2Bacteria Panel permitted early 
antimicrobial stewardship interventions such as early initiation of 
targeted antibiotic therapy secondary to faster time to detection 
and/or new finding of BSI pathogen. Interventions were made in 
9 of 15 patients with T2Bacteria Panel-positive samples as seen 
in Table 1 (more detailed information to support the change of 

antibiotic therapy is provided in Appendix 1). T2Bacteria Panel neg-
ative results were not evaluated for this analysis.

4  |  DISCUSSION

The timely administration of effective antimicrobial therapy is cru-
cial for the survival of patients with sepsis (Kumar et al., 2006). 
Rapid diagnostic assays have been associated with improvements 
in time to appropriate antibiotic therapy by enhancing the early 
identification of causative organisms for BSI (Bookstaver et al., 
2017; Buehler et al., 2016). Such data support the coupling of 
rapid diagnostic technology with antimicrobial stewardship pro-
grams to optimize empiric antibiotic therapy and reduce time to 
targeted therapy.

In this study, we report the interventional experience of the 
T2Bacteria Panel in the Czech Republic which identified common 
ESKAPEc pathogens directly from whole blood. Despite the lim-
ited number of bacterial species included on the T2Bacteria Panel, 
we found that 77% of all identified causative pathogens of proven, 
probable, and possible BSI (i.e., excluding common BC contami-
nants) were detected by the T2Bacteria Panel. The high sensitivity 
of the T2Bacteria Panel was demonstrated by the detection of eight 
pathogens in seven samples that were missed by BC, representing 
36.4% (8 of 22) of the total number of identified BSIs. All of these 
confirmed true positives were from patients who were previously 
exposed to antibiotic therapy which is consistent with previous 
findings in patients with sepsis demonstrating that BC sensitivity is 
reduced by approximately 50% after the initiation of antimicrobial 
therapy (Cheng et al., 2019). It also suggests the T2Bacteria Panel 
performance may have limited interference from empirical antimi-
crobial treatment, which continues to be an issue with culture-based 
diagnostics (Farrell et al., 2015).

The T2Bacterial Panel provided species identification in 
6.1 hours on average, which was 55 hours faster compared to BC. 
These results are consistent with a multi-hospital survey demon-
strating a median BC time to identification of 43.4  hours and 
replicate previous reports of the T2Bacteria Panel advantage for 
faster diagnosis compared to standard BC diagnostic methods (De 
Angelis et al., 2018; Nguyen et al., 2019; Tabak et al., 2018; Voigt 
et al., 2020). This allowed for early antibiotic stewardship inter-
ventions in 60% of our patients with T2Bacteria Panel-positive 
samples.

This evaluation is limited by the small number of bacteremic 
patients who were enrolled in our single-center cohort study. Not 
every blood culture was eligible for a parallel investigation with the 
T2Bacteria Panel (as stated in Methods). To target patients with the 
highest risk of BSI and to improve the rate of positive detections, we 
predefined testing criteria for blood samples from specific intensive 
care units to be tested by both culture and T2Bacteria Panel meth-
ods. As a result, the percentage of positive blood cultures (36.3%) 
was higher than expected from the usual clinical setting where a 
total of 10,843 blood culture bottles were ordered during the study 

F I G U R E  2 Comparison of on-panel pathogen detection 
(T2Bacteria vs. Blood cultures). 16 out of 17 proven, probable, 
and possible BSIs were detected by T2Bacteria Panel, whereas BC 
detected only 9 out of 17

F I G U R E  3 The distribution of all 31 positive detections 
comprising 15 different microbial species, detected by either 
method in 25 samples. A total of 55% of findings were detectable 
with the T2Bacteria Panel. If contaminants are excluded, the 
T2Bacteria Panel covers 77% of clinically relevant findings
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period, from which 1,602 (14.8%) were positive. We did not assess 
the potential role of the T2Bacteria-negative result on early ther-
apeutic decisions, namely the early de-escalation of unnecessary, 
broad-spectrum antibiotics. Our study did not assess the effect of 
the assay on patient outcomes, but it could be expected that faster 
time to effective antibiotic prescription would translate into re-
ductions in length of stay and mortality based on previous reports 
that observed reductions in length of stay and mortality based on 
findings with alternative post-culture molecular diagnostic meth-
ods (Beganovic et al., 2017; Kumar et al., 2006; Perez et al., 2013, 
2014; Timbrook et al., 2017). Lastly, the pathogen coverage by the 
T2Bacteria Panel is not inclusive of all causative organisms for BSI, 
does not provide antimicrobial susceptibility information, and is not 
intended to replace routine culture and susceptibility methods.

5  |  CONCLUSIONS

In this study, T2Bacteria Panel proved high sensitivity (by identify-
ing BSI in eight cases where BC produced false-negative results) and 
a significant reduction of time to species identification (55  hours 
on average). A larger study should be conducted to determine the 
exact clinical impact of earlier T2Bacteria Panel results on length of 
hospital stay and mortality benefit in patients with BSI. However, 
based on our experience with rapid BSI diagnostics, T2Bacteria 
Panel represents the most promising currently available diagnos-
tic tool. Implementation of the T2Bacteria Panel at our institution 

led to faster time to reliable detection of selected BSI pathogens 
and decreased time to administration of species-directed antibiotic 
therapy.
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TA B L E  1 Antimicrobial stewardship impact of positive T2Bacteria Panel results. Data from 15 patients with T2Bacteria Panel-positive 
results

Patient 
sample ID

T2Bacteria 
Panel result BC result

ATB 
change

ATB before T2bacteria Panel 
result ATB after T2bacteria Panel result

T2_30 S. aureus S. aureus Yes Amikacin + cefepim Linezolid + ceftriaxone

T2_20 K. pneumoniae K. pneumoniae Yes Imipenem Imipenem + amikacin

T2_25 E. coli E. coli Yes piperacillin/
tazobactam + metronidazole

Imipenem + metronidazole

T2_61 E. coli E. coli Yes Cefotaxime + metronidazole Cefotaxime + metronidazole + gentamicin

T2_1 P. aeruginosa negative Yes Meropenem + vancomycin Meropenem + amikacin

T2_4 K. pneumoniae, 
P. aeruginosa

negative Yes Cotrimoxazole + tigecycline Cotrimoxazole + tigecycline + amikacin

T2_7 S. aureus E. coli Yes Amoxicillin/clavulanic acid Linezolid + meropenem

T2_27 P. aeruginosa S. epidermidis Yes Amikacin Amikacin + imipenem

T2_46 E. faecium negative Yes Piperacillin/tazobactam Piperacillin/tazobactam + vancomycin

T2_47 E. coli E. coli No Ceftriaxone Ceftriaxone

T2_48 K. pneumoniae K. pneumoniae No Meropenem Meropenem

T2_51 E. coli E. coli No Cefotaxime + gentamicin Cefotaxime + gentamicin

T2_22 E. coli negative No Meropenem Meropenem

T2_36 E. coli negative No Meropenem + ciprofloxacin Meropenem + ciprofloxacin

T2_40 P. aeruginosa P. aeruginosa No Meropenem Meropenem

Note: Please note that T2Bacteria results were used in combination with other microbiological and diagnostic findings, local epidemiology, and 
clinical history of the patient to determine antibiotic treatment decisions (not reported in the Table).
Abbreviation: ATB, antibiotic.



6 of 9  |     DREVINEK et al.

Adamkova: Resources (equal). Veronika Hysperska: Resources 
(equal). Eliska Bebrova: Resources (equal).

E THIC S S TATEMENT
This study was approved by the Ethics Committee of the University 
Hospital Motol and the 2nd Faculty of Medicine, Charles University 
(ref. No EK-337/21).

DATA AVAIL ABILIT Y S TATEMENT
All raw data are available in the Zenodo repository at https://doi.
org/10.5281/zenodo.4746206

ORCID
Pavel Drevinek   https://orcid.org/0000-0002-8994-5240 
Jakub Hurych   https://orcid.org/0000-0002-9813-5290 
Jan Tkadlec   https://orcid.org/0000-0002-0892-924X 

R E FE R E N C E S
Beganovic, M., Costello, M., & Wieczorkiewicz, S. M. (2017). Effect of 

Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass 
Spectrometry (MALDI-TOF MS) alone versus MALDI-TOF MS 
combined with Real-Time antimicrobial stewardship interventions 
on time to optimal antimicrobial therapy in patients with positive 
blood cultures. Journal of Clinical Microbiology, 55, 1437–1445.

Bookstaver, P. B, Nimmich, E. B, Smith, T. J, Justo, J. A, Kohn, J., Hammer, 
K. l, Troficanto, C., Albrecht, H. A, & Al-Hasan, M.N. (2017). 
Cumulative effect of an antimicrobial stewardship and rapid diag-
nostic testing bundle on early streamlining of antimicrobial therapy 
in gram-negative bloodstream infections. Antimicrobial Agents and 
Chemotherapy, 61, e00189. https://doi.org/10.1128/AAC.00189​-17

Buehler, S. S., Madison, B., Snyder, S. R., Derzon, J. H., Cornish, N. E., 
Saubolle, M. A., Weissfeld, A. S., Weinstein, M. P., Liebow, E. B., & 
Wolk, D. M. (2016). Effectiveness of practices to increase timeli-
ness of providing targeted therapy for inpatients with bloodstream 
infections: a laboratory medicine best practices systematic review 
and meta-analysis. Clinical Microbiology Reviews, 29, 59–103.

Cheng, M. P., Stenstrom, R., Paquette, K., Stabler, S. N., Akhter, M., 
Davidson, A. C., Gavric, M., Lawandi, A., Jinah, R., Saeed, Z., Demir, 
K., Huang, K., Mahpour, A., Shamatutu, C., Caya, C., Troquet, J. 
M., Clark, G., Yansouni, C. P., Sweet, D., & Investigators, F. (2019). 
Blood culture results before and after antimicrobial administration 
in patients with severe manifestations of sepsis: A diagnostic study. 
Annals of Internal Medicine, 171, 547–554.

De Angelis, G., Posteraro, B., De Carolis, E., Menchinelli, G., Franceschi, F., 
Tumbarello, M., De Pascale, G., Spanu, T., & Sanguinetti, M. (2018). 
T2Bacteria magnetic resonance assay for the rapid detection of 
ESKAPEc pathogens directly in whole blood. Journal of Antimicrobial 
Chemotherapy, 73, iv20–iv26. https://doi.org/10.1093/jac/dky049

Farrell, J. J., Hujer, A. M., Sampath, R., & Bonomo, R. A. (2015). Salvage 
microbiology: opportunities and challenges in the detection of 
bacterial pathogens following initiation of antimicrobial treatment. 
Expert Rev Mol Diagn, 15, 349–360.

Idelevich, E. A., Seifert, H., Sundqvist, M., Scudeller, L., Amit, S., Balode, 
A., Bilozor, A., Drevinek, P., Kocak Tufan, Z., Koraqi, A., Lamy, B., 
Marekovic, I., Miciuleviciene, J., Muller Premru, M., Pascual, A., 
Pournaras, S., Saegeman, V., Schonheyder, H. C., Schrenzel, J., … 
Becker, K. (2019). Escmid Study Group for Bloodstream Infections, 
E.; Sepsis. Microbiological diagnostics of bloodstream infections 
in Europe-an ESGBIES survey. Clinical Microbiology & Infection, 25, 
1399–1407.

Kumar, A., Roberts, D., Wood, K. E., Light, B., Parrillo, J. E., Sharma, S., 
Suppes, R., Feinstein, D., Zanotti, S., Taiberg, L., Gurka, D., Kumar, 
A., & Cheang, M. (2006). Duration of hypotension before initiation 
of effective antimicrobial therapy is the critical determinant of sur-
vival in human septic shock. Critical Care Medicine, 34, 1589–1596.

Lamy, B., Dargere, S., Arendrup, M. C., Parienti, J. J., & Tattevin, P. (2016). 
How to optimize the use of blood cultures for the diagnosis of 
bloodstream infections? A State-of-the Art. Front Microbiol, 7, 697. 
https://doi.org/10.3389/fmicb.2016.00697.

Mylonakis, E., Clancy, C. J., Ostrosky-Zeichner, L., Garey, K. W., 
Alangaden, G. J., Vazquez, J. A., Groeger, J. S., Judson, M. A., 
Vinagre, Y. M., Heard, S. O., Zervou, F. N., Zacharioudakis, I. M., 
Kontoyiannis, D. P., & Pappas, P. G. (2015). T2 magnetic resonance 
assay for the rapid diagnosis of candidemia in whole blood: a clinical 
trial. Clinical Infectious Diseases, 60, 892–899.

Nguyen, M. H., Clancy, C. J., Pasculle, A. W., Pappas, P. G., Alangaden, G., 
Pankey, G. A., Schmitt, B. H., Rasool, A., Weinstein, M. P., Widen, 
R., Hernandez, D. R., Wolk, D. M., Walsh, T. J., Perfect, J. R., Wilson, 
M. N., & Mylonakis, E. (2019). Performance of the T2bacteria panel 
for diagnosing bloodstream infections: A diagnostic accuracy study. 
Annals of Internal Medicine, 170, 845–852.

Nunvar, J., & Drevinek, P. (2015). Identification of bacteria from aero-
bic and anaerobic blood cultures after short cultivation by matrix-
assisted laser desorption/ionization-time-of-flight mass spectrom-
etry. Journal of Medical Microbiology, 64, 1253–1255. https://doi.
org/10.1099/jmm.0.000140.

Peker, N., Couto, N., Sinha, B., & Rossen, J. W. (2018). Diagnosis of blood-
stream infections from positive blood cultures and directly from 
blood samples: recent developments in molecular approaches. 
Clinical Microbiology & Infection, 24, 944–955.

Perez, K. K., Olsen, R. J., Musick, W. L., Cernoch, P. L., Davis, J. R., Land, 
G. A., Peterson, L. E., & Musser, J. M. (2013). Integrating rapid 
pathogen identification and antimicrobial stewardship significantly 
decreases hospital costs. Archives of Pathology and Laboratory 
Medicine, 137, 1247–1254.

Perez, K. K., Olsen, R. J., Musick, W. L., Cernoch, P. L., Davis, J. R., 
Peterson, L. E., & Musser, J. M. (2014). Integrating rapid diagnostics 
and antimicrobial stewardship improves outcomes in patients with 
antibiotic-resistant Gram-negative bacteremia. Journal of Infection, 
69, 216–225.

Poole, S., Kidd, S. P., & Saeed, K. (2018). A review of novel technologies 
and techniques associated with identification of bloodstream infec-
tion etiologies and rapid antimicrobial genotypic and quantitative 
phenotypic determination. Expert Rev Mol Diagn, 18, 543–555.

Tabak, Y. P., Vankeepuram, L., Ye, G., Jeffers, K., Gupta, V., & Murray, P. 
R. (2018). Blood culture turnaround time in U.S. Acute care hospi-
tals and implications for laboratory process optimization. Journal 
of Clinical Microbiology, 56, e00500. https://doi.org/10.1128/
JCM.00500​-18

Timbrook, T. T., Morton, J. B., McConeghy, K. W., Caffrey, A. R., 
Mylonakis, E., & LaPlante, K. L. (2017). The effect of molecular 
rapid diagnostic testing on clinical outcomes in bloodstream in-
fections: a systematic review and meta-analysis. Clinical Infectious 
Diseases, 64, 15–23.

Tkadlec, J., Bebrova, E., Berousek, J., Vymazal, T., Adamkova, J., 
Martinkova, V., Moser, C., Florea, D., & Drevinek, P. (2020). Limited 
diagnostic possibilities for bloodstream infections with broad-
range methods: A promising PCR/electrospray ionization-mass 
spectrometry platform is no longer available. Microbiologyopen, 9.
e1007 https://doi.org/10.1002/mbo3.1007

Tkadlec, J., Peckova, M., Sramkova, L., Rohn, V., Jahoda, D., Raszka, 
D., Berousek, J., Mosna, F., Vymazal, T., Kvapil, M., & Drevinek, P. 
(2019). The use of broad-range bacterial PCR in the diagnosis of in-
fectious diseases: a prospective cohort study. Clinical Microbiology 
& Infection, 25, 747–752.

https://doi.org/10.5281/zenodo.4746206
https://doi.org/10.5281/zenodo.4746206
https://orcid.org/0000-0002-8994-5240
https://orcid.org/0000-0002-8994-5240
https://orcid.org/0000-0002-9813-5290
https://orcid.org/0000-0002-9813-5290
https://orcid.org/0000-0002-0892-924X
https://orcid.org/0000-0002-0892-924X
https://doi.org/10.1128/AAC.00189-17
https://doi.org/10.1093/jac/dky049
https://doi.org/10.3389/fmicb.2016.00697
https://doi.org/10.1099/jmm.0.000140
https://doi.org/10.1099/jmm.0.000140
https://doi.org/10.1128/JCM.00500-18
https://doi.org/10.1128/JCM.00500-18
https://doi.org/10.1002/mbo3.1007


    |  7 of 9DREVINEK et al.

Voigt, C., Silbert, S., Widen, R. H., Marturano, J. E., Lowery, T. J., Ashcraft, 
D., & Pankey, G. (2020). The T2bacteria assay is a sensitive and 
rapid detector of bacteremia that can be initiated in the emergency 
department and has potential to favorably influence subsequent 
therapy. Journal of Emergency Medicine, 58, 785–796.

Warhurst, G., Dunn, G., Chadwick, P., Blackwood, B., McAuley, D., Perkins, 
G. D., McMullan, R., Gates, S., Bentley, A., Young, D., Carlson, G. L., 
& Dark, P. (2015). Rapid detection of health-care-associated blood-
stream infection in critical care using multipathogen real-time poly-
merase chain reaction technology: a diagnostic accuracy study and 
systematic review. Health Technology Assessment, 19, 1–142.

How to cite this article: Drevinek, P., Hurych, J., Antuskova, 
M., Tkadlec, J., Berousek, J., Prikrylova, Z., Bures, J., Vajter, J., 
Soucek, M., Masopust, J., Martinkova, V., Adamkova, J., 
Hysperska, V., & Bebrova, E. (2021). Direct detection of 
ESKAPEc pathogens from whole blood using the T2Bacteria 
Panel allows early antimicrobial stewardship intervention in 
patients with sepsis. MicrobiologyOpen, 10, e1210. https://
doi.org/10.1002/mbo3.1210

https://doi.org/10.1002/mbo3.1210
https://doi.org/10.1002/mbo3.1210


8 of 9  |     DREVINEK et al.

A
P

P
EN

D
IX

 1

Pa
tie

nt
 

sa
m

pl
e 

ID
T2

Ba
ct

er
ia

 
Pa

ne
l r

es
ul

t

T2
 ti

m
e 

fr
om

 s
am

pl
e 

ar
riv

al
 to

 
re

su
lt 

(h
:m

m
)

BC
 re

su
lt

BC
 ti

m
e 

to
 re

su
lt 

(h
h:

m
m

)
AT

B 
ch

an
ge

AT
B 

be
fo

re
 T

2B
ac

te
ria

 
Pa

ne
l r

es
ul

t (
fo

r h
ow

 m
an

y 
da

ys
)

AT
B 

af
te

r T
2B

ac
te

ria
 P

an
el

 
re

su
lt

Re
as

on
 fo

r c
ha

ng
e

T2
_3

0
S.

 a
ur

eu
s

3:
40

S.
 a

ur
eu

s
17
:0
0

Ye
s

A
m
ik
ac
in

(1
 d
ay
), 
ce
fe
pi
m

(1
 d

ay
)

Li
ne
zo
lid
 +
 c
ef
tr
ia
xo
ne

Pa
tie
nt
 o
n 
em
pi
ric
 th
er
ap
y 
w
ith
 a
m
ik
ac
in
 

an
d 
ce
fe
pi
m
e.
 S
w
itc
h 
to
 li
ne
zo
lid
 a
nd
 

ce
ft
ria
xo
ne
 b
as
ed
 o
n 
th
e 
T2
Ba
ct
er
ia
 

Pa
ne

l r
es

ul
t (

S.
 a

ur
eu

s w
as

 a
 n

ew
 

fin
di
ng
). 
Su
sp
ic
io
n 
of
 c
at
he
te
r-
re
la
te
d 

bl
oo

ds
tr

ea
m

 in
fe

ct
io

n.

T2
_2

0
K.

 p
ne

um
on

ia
e

4:
04

K.
 p

ne
um

on
ia

e
22

:0
0

Ye
s

Im
ip

en
em

(1
 d

ay
)

Im
ip
en
em
 +
 a
m
ik
ac
in

W
or
se
ni
ng
 o
f s
ym
pt
om
s 
(fe
ve
r, 
sh
iv
er
s)
 

w
ith
 le
uk
oc
yt
ur
ia
 o
n 
cu
rr
en
t 

an
tib
io
tic
s 
(im
ip
en
em
). 
A
m
ik
ac
in
 

w
as

 a
dd

ed
 b

as
ed

 o
n 

th
e 

T2
Ba

ct
er

ia
 

Pa
ne

l r
es

ul
t (

K.
 p

ne
um

on
ia

e 
w

as
 a

 
ne
w
 fi
nd
in
g,
 p
re
ce
di
ng
 th
e 
cu
ltu
re
 

po
si

tiv
ity

 fr
om

 u
rin

e 
an

d 
bl

oo
d 

cu
ltu

re
).

T2
_2

5
E.

 c
ol

i
3:

51
E.

 c
ol

i
17
:0
0

Ye
s

Pi
pe
ra
ci
lli
n/
ta
zo
ba
ct
am
 

(1
 d
ay
) +
 m
et
ro
ni
da
zo
le
 

(1
 d

ay
)

Im
ip
en
em
 +
 m
et
ro
ni
da
zo
le

A
cu
te
 a
dm
is
si
on
 d
ue
 to
 s
us
pe
ct
ed
 

ch
ol
an
gi
tis
, p
an
cr
ea
tit
is
 in
 th
e 
se
pt
ic
 

st
at

e.
 E

m
pi

ric
 th

er
ap

y 
w

as
 c

ha
ng

ed
 

du
e 

to
 w

or
se

ni
ng

 o
f c

lin
ic

al
 s

ta
te

 a
nd

 
ba

se
d 

on
 th

e 
T2

Ba
ct

er
ia

l P
an

el
 re

su
lt 

(E
. c

ol
i w

as
 a

 n
ew

 fi
nd

in
g)

.

T2
_6

1
E.

 c
ol

i
4:

04
E.

 c
ol

i
9:

00
Ye

s
C
ef
ot
ax
im
e 

(1
 d
ay
) +
 m
et
ro
ni
da
zo
le
 

(1
 d

ay
)

C
ef
ot
ax
im
e 
+ 
m
et
ro
ni
da
zo
le
 

+ 
ge
nt
am
ic
in

Pa
tie
nt
 w
ith
 s
us
pe
ct
ed
 u
ro
se
ps
is
, 

w
or

se
ni

ng
 o

f s
ym

pt
om

s 
on

 c
ur

re
nt

 
em
pi
ric
 a
nt
ib
io
tic
s.
 G
en
ta
m
ic
in
 w
as
 

ad
de

d 
ba

se
d 

on
 th

e 
T2

Ba
ct

er
ia

 
Pa

ne
l r

es
ul

t (
E.

 c
ol

i w
as

 a
 n

ew
 fi

nd
in

g 
pr

ec
ed

in
g 

th
e 

cu
ltu

re
 p

os
iti

vi
ty

 fr
om

 
ur

in
e 

an
d 

bl
oo

d 
cu

ltu
re

).

T2
_1

P.
 a

er
ug

in
os

a
7:
17

ne
ga

tiv
e

N
A

Ye
s

M
er

op
en

em
 

(4
 d
ay
s)
 +
 v
an
co
m
yc
in

(1
3 

da
ys

)

M
er
op
en
em
 +
 a
m
ik
ac
in

W
or

se
ni

ng
 o

f s
ym

pt
om

s 
on

 c
ur

re
nt

 
an
tib
io
tic
s.
 A
m
ik
ac
in
 a
dd
ed
 a
s 
us
ua
l 

co
m

bi
na

tio
n 

th
er

ap
y 

of
 P

. a
er

ug
in

os
a 

bl
oo
ds
tr
ea
m
 in
fe
ct
io
n,
 b
as
ed
 o
n 

T2
Ba

ct
er

ia
 P

an
el

 re
su

lt 
(P

. a
er

ug
in

os
a 

de
te
ct
ed
 in
 a
no
th
er
 b
lo
od
 c
ul
tu
re
, 

pe
rf

or
m

ed
 1

1 
da

ys
 e

ar
lie

r).

T2
_4

K.
 p

ne
um

on
ia

e,
 

P.
 a

er
ug

in
os

a
6:
38

ne
ga

tiv
e

N
A

Ye
s

co
tr
im
ox
az
ol
e 

(9
 d
ay
s)
 +
 ti
ge
cy
cl
in
e 

(8
 d
ay
s)

C
ot
rim
ox
az
ol
e 
+ 
tig
ec
yc
lin
e 

+ 
am
ik
ac
in

A
m
ik
ac
in
 w
as
 a
dd
ed
 b
as
ed
 o
n 
th
e 

T2
Ba

ct
er

ia
 P

an
el

 re
su

lt 
(K

le
bs

ie
lla

 
de

te
ct

ed
 in

 a
no

th
er

 b
lo

od
 c

ul
tu

re
 

14
 d

ay
s 

ea
rli

er
; P

. a
er

ug
in

os
a 

w
as

 a
 

ne
w

 fi
nd

in
g)

.



    |  9 of 9DREVINEK et al.

Pa
tie

nt
 

sa
m

pl
e 

ID
T2

Ba
ct

er
ia

 
Pa

ne
l r

es
ul

t

T2
 ti

m
e 

fr
om

 s
am

pl
e 

ar
riv

al
 to

 
re

su
lt 

(h
:m

m
)

BC
 re

su
lt

BC
 ti

m
e 

to
 re

su
lt 

(h
h:

m
m

)
AT

B 
ch

an
ge

AT
B 

be
fo

re
 T

2B
ac

te
ria

 
Pa

ne
l r

es
ul

t (
fo

r h
ow

 m
an

y 
da

ys
)

AT
B 

af
te

r T
2B

ac
te

ria
 P

an
el

 
re

su
lt

Re
as

on
 fo

r c
ha

ng
e

T2
_7

S.
 a

ur
eu

s
4:

34
E.

 c
ol

i
11

:0
0

Ye
s

A
m
ox
ic
ill
in
/c
la
vu
la
ni
c 
ac
id
 

(1
 d

ay
)

lin
ez
ol
id
 +
m
er
op
en
em

Li
ne
zo
lid
 w
as
 a
dd
ed
 b
as
ed
 o
n 
th
e 

T2
Ba

ct
er

ia
 P

an
el

 re
su

lt 
(S

. a
ur

eu
s w

as
 

a 
ne

w
 fi

nd
in

g)
.

T2
_2
7

P.
 a

er
ug

in
os

a
4:

31
S.

 e
pi

de
rm

id
is

28
:0
0

Ye
s

A
m
ik
ac
in
 (7
 d
ay
s)

A
m
ik
ac
in
 +
 Im
ip
en
em

Pa
tie

nt
 3

 m
on

th
s 

af
te

r l
un

g 
tr
an
sp
la
nt
at
io
n,
 c
hr
on
ic
al
ly
 c
ol
on
iz
ed
 

w
ith

 P
. a

er
ug

in
os

a.
 W

or
se

ni
ng

 o
f 

sy
m

pt
om

s.
 Im

ip
en

em
 w

as
 a

dd
ed

 a
s 

a 
co

m
bi

na
tio

n 
th

er
ap

y 
of

 P
. a

er
ug

in
os

a 
bl
oo
ds
tr
ea
m
 in
fe
ct
io
n.
 F
ur
th
er
m
or
e,
 

in
te

rm
ed

ia
te

 s
us

ce
pt

ib
ili

ty
 o

f 
P.

 a
er

ug
in

os
a 
to
 a
m
ik
ac
in
 w
as
 d
et
ec
te
d 

in
 e
ar
lie
r c
ol
le
ct
ed
 B
A
L 
an
d 
sp
ut
um
.

T2
_4

6
E.

 fa
ec

iu
m

5:
14

N
eg
at
iv
e

N
A

Ye
s

Pi
pe

ra
ci

lli
n/

ta
zo
ba
ct
am
(3
 d
ay
s)

Pi
pe
ra
ci
lli
n/
ta
zo
ba
ct
am
 +
 

va
nc

om
yc

in
W

or
se

ni
ng

 o
f s

ym
pt

om
s 

on
 p

ip
er

ac
ill

in
/

ta
zo
ba
ct
am
, t
he
re
fo
re
 v
an
co
m
yc
in
 

w
as

 a
dd

ed
 b

as
ed

 o
n 

T2
Ba

ct
er

ia
 P

an
el

 
re

su
lt 

(E
. f

ae
ci

um
 w

as
 a

 n
ew

 fi
nd

in
g)

.

T2
_4
7

E.
 c

ol
i

4:
24

E.
 c

ol
i

10
:0

0
N
o

C
ef
tr
ia
xo
ne

ce
ft
ria
xo
ne

N
A

T2
_4
8

K.
 p

ne
um

on
ia

e
3:

50
K.

 p
ne

um
on

ia
e

28
:0
0

N
o

M
er

op
en

em
m

er
op

en
em

N
A

T2
_5

1
E.

 c
ol

i
4:

01
E.

 c
ol

i
38
:0
0

N
o

C
ef
ot
ax
im
e 
+ 
ge
nt
am
ic
in

ce
fo
ta
xi
m
e 
+g
en
ta
m
ic
in

N
A

T2
_2

2
E.

 c
ol

i
26

:1
4

N
eg
at
iv
e

N
A

N
o

M
er

op
en

em
M

er
op

en
em

N
A

T2
_3

6
E.

 c
ol

i
3:
38

N
eg
at
iv
e

N
A

N
o

M
er
op
en
em
 +
 c
ip
ro
flo
xa
ci
n

M
er
op
en
em
 +
 c
ip
ro
flo
xa
ci
n

N
A

T2
_4

0
P.

 a
er

ug
in

os
a

5:
20

P.
 a

er
ug

in
os

a
90

:0
0

N
o

M
er

op
en

em
M

er
op

en
em

N
A


