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Fast microbiological diagnostics (MDx) are needed to ensure early targeted antimicrobial treatment in sepsis. This systematic review 
focuses on the impact on antimicrobial management and patient outcomes of MDx for pathogen and resistance gene identification 
compared with blood cultures. PubMed was searched for clinical studies using either whole blood directly or after short-term in-
cubation. Twenty-five articles were retrieved describing the outcomes of 8 different MDx. Three interventional studies showed a 
significant increase in appropriateness of antimicrobial therapy and a nonsignificant change in time to appropriate therapy. Impact 
on mortality was conflicting. Length of stay was significantly lower in 2 studies. A significant decrease in antimicrobial cost was 
demonstrated in 6 studies. The limitations of this systematic review include the low number and observed heterogeneity of clinical 
studies. In conclusion, potential benefits of MDx regarding antimicrobial management and some patient outcomes were reported. 
More rigorous intervention studies are needed focusing on the direct benefits for patients.
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Sepsis is defined as a life-threatening organ dysfunction caused 
by a dysregulated host response to infection and can lead to 
septic shock, which increases mortality considerably [1]. The 
mortality rate of patients with sepsis is 10%–20%, which in-
creases to 40%–80% in patients developing septic shock [2]. 
Additionally, hospital length of stay (LOS) increases in pa-
tients with bloodstream infection (BSI), especially due to 
antimicrobial-resistant pathogens [3, 4].

Antimicrobial treatment should start as soon as possible and 
certainly within the first hour of recognizing sepsis. This should 
be preceded by taking blood cultures, if this does not cause any 
significant delay (>45 minutes) [5]. Kumar et al. showed a 7.6% 
decrease in survival rate for each hour of delay in administering 
antimicrobial therapy after the start of hypotension in patients 
with septic shock [6].

Blood culture (BC) is the gold standard for identifying bac-
teria that cause sepsis [7]. A serious limitation is that culture-
based diagnostics are time-consuming, and the time to 
positivity is pathogen dependent [8, 9].

Due to this long turnaround time (TAT) and the need for 
immediate antimicrobial treatment, physicians start treat-
ment empirically with broad-spectrum antibiotics, which 
contributes to antibiotic resistance [10, 11]. Thus, faster mi-
crobiological diagnostics are necessary to ensure an early 
targeted treatment. Molecular microbiological diagnostic 
techniques (MDx) could provide relevant results within a 
few hours [11, 12].

Ideally, results should be available within a single workday, 
and the time-consuming culture step should be avoided. Starting 
directly from the clinical specimen or after a short-term (a 
few hours) incubation of blood is beneficial [13–15]. In 2016, 
Timbrook et al. performed a meta-analysis of 5920 patients to 
assess the impact of rapid MDx starting from positive blood cul-
tures, such as Matrix-assisted laser desorption/ionisation time 
of flight (MALDI-TOF), on clinical outcomes. They found that 
these MDx were associated with significant decreases in time to 
effective antibiotic therapy, in mortality risk in the presence of 
an antimicrobial stewardship plan, and in LOS [16]. The goal of 
this systematic review was to identify the clinical impact of rapid 
MDx for the identification of pathogens directly in whole-blood 
samples or after short-term incubation in terms of antimicrobial 
therapy management and patient outcomes.
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Figure 1. Flow diagram of the selection process. In total, 657 records were re-
trieved from PubMed, and an additional 35 records were found after snowballing in 
references of included records. Title and abstract screening resulted in the inclusion 
of 110 articles. One hundred fifty-nine articles were excluded because MDx were 
not performed on whole blood or with a short-term incubation step. There was no or 
a nonmolecular technique evaluated in 117 records. No language restrictions were 
set, but 32 articles had to be excluded because of a language barrier. After full-text 
screening, 85 more records were excluded, 47 because they only evaluated analyt-
ical performance of MDx and did not contain data on impact. The final search result 
yielded 25 eligible articles. Abbreviation: PBCBs, positive blood culture bottles.

METHODS

Literature Search

This systematic review was done according to Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines [17]. PubMed was searched through 
October 2019 for all types of studies evaluating MDx to 
identify pathogens and resistance genes either directly 
in whole-blood samples or after a short-term incubation 
step in patients with sepsis (cutoff date October 22, 2019). 
The search terms are shown in Supplementary Figure 1. 
No restrictions on the year of publication or language 
were set. Two researchers independently screened the cor-
responding studies by title and abstract. Studies were in-
cluded in consensus and excluded according to criteria 
shown in Figure 1.

Study Selection Criteria

The objective was to identify articles that evaluated the clinical 
impact of rapid MDx on patients with sepsis or (suspected) 
BSI. Studies assessing the use of MDx to identify causative 
pathogens (bacteria and/or fungi) and/or genetic suscep-
tibility directly from whole-blood specimens or after short-
term incubation (shorter than BC incubation to positivity) in 
comparison with BCs were included. Both pathogen-specific 
and multiplex tests were eligible. The study population was 
any patients with sepsis, BSI, or suspected BSI of bacterial or 
fungal origin, from whom BCs were drawn. Studies concerned 
all settings, such as the emergency department, the intensive 
care unit (ICU), and the hospital. All study types (interven-
tional, prospective, and retrospective), except case reports and 
reviews, were eligible.

Reasons for exclusion (Figure 1) were the use of other types 
of specimen than whole blood or the use of positive blood 
culture bottles. Nonmolecular techniques such as antigen de-
tection or biomarkers were excluded as well. Studies on viral, 
protozoan, and parasitic infections were excluded. Studies using 
spiked samples or analyzing only performance characteristics 
were excluded.

Data Extraction

Data collected from included studies were study design, diag-
nosis at inclusion, population, number of patients included, 
type and (branded) name of MDx used, study location, 
funding source, number of antimicrobial therapy adjustments, 
number of patients on appropriate antimicrobial therapy, time 
to any antimicrobial therapy adjustment, time to appropriate 
antimicrobial therapy, LOS in-hospital and in-ICU, mortality, 
and costs or expenses. Additionally, test characteristics and 
test performances of MDx were extracted from studies that 
were found in the search but were excluded because they did 
not contain clinical data on antimicrobial therapy or patient 
outcomes.

Outcomes

The aims were to assess the impact of MDx on the antimicrobial 
management of patients with bacterial and fungal BSI or sepsis 
and the impact on all patient-related outcomes. Appropriateness 
of antimicrobial therapy regardless of definition, any treatment 
change (escalation, de-escalation, discontinuation), and the 
time to appropriateness or change of antimicrobial therapy 
was assessed. Eligible patient-related outcomes were mortality, 
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LOS, ICU-LOS, sepsis severity, destination at discharge, and re-
admission. Lastly, costs associated with the use of MDx in the 
clinical setting were analyzed.

Risk of Bias

The risk of bias of randomized controlled trials (RCTs) was as-
sessed by 1 reviewer using the Cochrane risk of bias tool for 
randomized trials (RoB2) [18]. This tool assesses 5 elements 
(sequence generation, allocation concealment, blinding, in-
complete outcome data, and selective outcome reporting) of 
potential bias to estimate the effectiveness of an intervention. 
The risk of bias for prospective (nonrandomized) studies was 
also evaluated by 1 reviewer using the Cochrane risk of bias tool 
for nonrandomized studies of interventions (ROBINS-I) [19].

RESULTS

Study Design and Population

The search resulted in 692 records (Figure 1). The study charac-
teristics of the included articles are presented in Table 1. In total, 
25 eligible articles were retrieved. Three interventional studies 
(including 2 RCTs), 12 prospective studies, and 7 retrospective 
studies performed MDx directly on blood samples. Three pro-
spective studies on different MDx used short-term BC incuba-
tion. MDx were compared with BC in all studies.

All patients in all studies had (suspected) bacterial or fungal 
BSI or (suspected) sepsis. However, inclusion criteria were not 
defined homogeneously. Suspected infection was the criterion for 
inclusion in 12 studies. However, criteria for suspicion were var-
iable or not mentioned, and patients could be included based on 
BC draw or if the patient presented with fever or hypothermia. 
Ten studies concerned patients with proven sepsis, a subset of 
sepsis (severe sepsis, septic shock), or a systemic infection. Again, 
these terms were not always uniformly defined: Sepsis was diag-
nosed based on either the prevalence of systemic inflammatory 
response syndrome (SIRS) along with a suspicion of BSI or other 
definitions or national guidelines. All patients were sampled 
in-hospital in different types of wards. The ICU was represented 
in most studies (13/25), the emergency department in 3/25. 
Furthermore, 2/25 studies concerned neutropenic patients or pa-
tients with malignancies, and 2/25 concerned pediatric patients.

Antimicrobial Management

Antimicrobial management was the most frequently analyzed 
outcome parameter in 21/25 articles. However, the defini-
tion differed among the studies. A currently accepted general 
definition of appropriate antimicrobial therapy is the use of 
antimicrobials with in vitro activity against the causative mi-
croorganism. Data on antimicrobial management from in-
cluded studies are summarized in Table 2. Various terms and 
definitions were used for appropriateness or effective treatment 
and for change and/or adjustments (escalation, de-escalation, 

discontinuation). These terms and synonyms were used inter-
changeably. Presence and tasks of antimicrobial stewardship 
programs during the study periods were not always described.

In 2 randomized intervention studies by Tafelski et al. and 
Bhat et al., there were significantly fewer adjustments made 
when using SeptiFast (13.5% vs 9.8%) [20, 21] and another in-
tervention study by Cambau et al. found a significant increase 
in the use of appropriate antimicrobials (23.6% vs 33.6%) [22]. 
In prospective studies by Mancini et al. and Tschiedel et al., the 
use of SeptiFast resulted in higher rates of antibiotic changes 
[23, 24]. Lodes et  al. found appropriate changes in 16.9% of 
cases [25], and in the study conducted by Bravo et al. this was 
true in 77% of ICU cases [26]. Ten percent of patients would 
have an earlier or improved initial treatment, observed by 
Maubon et  al. [27]. Contrarily, Tran et  al. found an inappro-
priate use of antibiotics in 29.2% of polymerase chain reaction 
(PCR)–positive patients, while this was 18.7% in BC-positive 
patients [28]. In addition, Lehmann et al. calculated that there 
was a 57-day reduction of inadequate antibiotic therapy when 
SeptiFast was used and a 22.5-day reduction per 100 tests done 
[29]. Retrospectively, SeptiFast would have resulted in adjust-
ment of antibiotic therapy in 29.6%–38.9% of cases [29–31]. 
One prospective study by Bloos et al. concluded that a de-esca-
lation was suggested in 24.2% of cases based on the VYOO re-
sults [32]. A retrospective analysis by Bloos et al. found a shorter 
time to appropriate therapy when using VYOO (67.5 hours vs 
31 hours) [33]. Based on the PCR-ESI-MS results, Vincent et al. 
concluded that there would have been a recommendation for a 
treatment change in 41% of the cases [34]. Bhat et al. used SES 
in a randomized controlled trial with neonates, which resulted 
in a significantly higher rate of adjustments of antibiotics (15 vs 
165 changes) but an overall lesser use of antibiotics per patient 
(5.8 vs 2.6 antibiotics/patient) [21]. Retrospectively assessed by 
Patch et al., the use of T2MR was significantly associated with 
initiation of appropriate antifungal therapy 6 hours after blood 
draw, while this was 32 hours when using BCs [35]. Last, using 
ETGA for confirmation of negative samples after ≥12 hours of 
incubation (overnight) instead of 7 days, Dryden et al. found 
73.6% appropriate stewardship outcomes [36].

Patient Outcomes

There were limited published data on the impact of MDx on 
clinical outcomes of patients. We were able to find data on 
mortality and/or LOS in-hospital or in-ICU in 11/25 arti-
cles (Table 3). Eleven studies described mortality differences 
when performing MDx directly on whole-blood samples. 
Mortality was assessed differently between studies and could 
be in-hospital or in-ICU, at 7 or 28 days. In the randomized 
intervention study by Cambau et al., there was no significant 
difference in mortality in the postintervention group [22], 
which was confirmed by the retrospective analysis by Alvarez 
et  al. [37]. In the RCT by Bhat et  al. using SES, in-hospital 
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Table 1. Characteristics of Studies Evaluating the Impact of MDx on Patient Outcomes, Antimicrobial Therapy, or Cost

Author Study Design
Diagnosis of In-
clusion Population No. of Patients

Diagnostic  
Test

Study 
Location Funding Source

Tafelski 
[20]

RCT Suspected sepsis 
of abdominal or 
pulmonary origin

ICU patients 41 intervention  
37 control

SeptiFast, Roche Germany Roche Deutschland GmbH

Bhat [21] RCT Sepsis Neonates 183 intervention 
185 control

Syndrome evalua-
tion system

India Council for Scientific and Industrial 
Research, New Millennium Indian 
Technological Leadership Initiative

Cambau 
[22]

Cluster-randomized 
interventional

Severe sepsis In-hospital  
patients

731 intervention 
684 control

SeptiFast, Roche France French Ministry of Health

Septic shock

Infective endocar-
ditis

Lodes  
[25]

Prospective inter-
vention

SIRS ICU patients 104 intervention 
No control

SeptiFast, Roche Germany Not known

Mancini 
[23]

Prospective, pre-/
postintervention

Suspected sepsis Hematological pa-
tients

137 intervention 
138 control

SeptiFast, Roche Italy Roche Diagnostics

Bloos  
[42]

Prospective con-
trolled observa-
tional

Severe sepsis ICU patients 142 prospective  
63 control

SeptiFast, Roche Germany, 
France

Roche Diagnostics

Septic shock

Wallet  
[43]

Prospective obser-
vational

Suspected BSI ICU patients 72 SeptiFast, Roche France Roche Diagnostics provided ma-
terials

Bravo  
[26]

Prospective obser-
vational

Suspected BSI Neutropenic and  
ICU patients

86 neutropenic  
53 ICU 

SeptiFast, Roche Spain Not known

Maubon 
[27]

Prospective obser-
vational

Suspected sepsis Patients with solid 
or hematological 
malignancies

110 SeptiFast, Roche France Roche Diagnostics, academic grants, 
Brahms Diagnostics, Gilead sci-
ences, Merck, Pfizer

Bloos  
[32]

Prospective obser-
vational

Suspected sepsis ICU patients 245 VYOO, SIRS-Lab Germany Thuringian Ministry of Education; 
the Thuringian Foundation for 
Technology, Innovation, and Re-
search; STIFT, the German Sepsis 
Society; SIRS-Lab GmbH supplied 
the VYOO Kits and personnel

Tran [28] Prospective obser-
vational

Suspected sepsis Trauma, emergency, 
and burn surgery 
patients

76 SeptiFast, Roche US Roche Diagnostics, National Institute 
of Biomedical Imaging and Bioen-
gineering

Vincent 
[34]

Prospective obser-
vational

Suspected/proven 
sepsis

ICU patients 529 PCR/ESI-MS Belgium, 
France, 
Germany, 
UK, Switz-
erland, 
Poland

Ibis Biosciences, Abbott

O’Dwyer 
[40]

Prospective obser-
vational

Suspected/proven 
sepsis

ICU patients 439 PCR/ESI-MS Belgium, 
France, 
Germany, 
UK, Switz-
erland, 
Poland

Ibis Biosciences, Abbott

Muñoz 
[38]

Prospective obser-
vational

Suspected invasive 
candidiasis

In-hospital 54 T2MR Spain European Regional Development 
Fund, T2 Biosystems

Muñoz 
[39]

Prospective obser-
vational

Candidemia In-hospital 44 T2MR Spain European Regional Development 
Fund, T2 Biosystems

Dierkes 
[30]

Retrospective, pre-/
postintervention

Sepsis In-hospital  
patients

77 post SeptiFast, Roche Germany Not known

Alvarez 
[37]

Retrospective, pre-/
postintervention

Sepsis ICU patients 48 post SeptiFast, Roche Spain Not known

Severe sepsis  54 pre

Septic shock

Lehmann 
[29]

Retrospective Suspected sepsis ICU and emergency 
patients

436 SeptiFast, Roche Germany, 
Spain, 
Italy

Supported in part by Roche Diag-
nostics

Tschiedel 
[24]

Retrospective Systemic infection Pediatric ICU  
patients

75 SeptiFast, Roche Germany Not known

Herne  
[31]

Retrospective Proven sepsis In-hospital  
patients

144 SeptiFast, Roche Estonia Not known

Septic shock

Severe infection

Bloos [33] Retrospective Candidemia ICU patients 874 VYOO, SIRS Lab Germany Pfizer Pharma GmbH
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mortality was significantly lower when using SES [21]. Other 
differences in mortality were not significant. Interestingly, 
Lehmann et al. and Bloos et al. observed a higher mortality 
for PCR-positive patients compared with BC-positive pa-
tients [29, 32]. Additionally, the absence of Candida spp. 
DNA was found to be an independent predictor of survival 
[28], and a positive T2MR at baseline was an independent 
predictor of 7-day mortality [38].

Bhat et al. reported a significantly lower in-hospital LOS in 
their RCT using SES [21]. Alvarez et al. retrospectively found 
a significantly decreased in-hospital LOS and ICU LOS when 
using SeptiFast compared with BC, respectively [37]. Other 
tests did not result in significant differences in any LOS. In the 
study by Muñoz et al., the role of T2MR in predicting compli-
cated candidemia, which was defined as an episode involving 
metastatic spread to other organs or with attributable mor-
tality, was assessed. Patients with complicated candidemia, thus 
having a more severe disease, were more likely to have positive 
T2MR results. Furthermore, a positive T2MR result early in the 
disease episode was an independent predictor of complicated 
candidemia [39]. Our search did not reveal MDx studies re-
porting data on the clinical outcomes transfer to ICU, destina-
tion at discharge, or readmissions.

Costs

Four of 25 studies reporting cost calculations are presented in 
Table 3. Mostly, cost identification studies that compared total 
costs and spending during hospitalizations [23, 37] were per-
formed, rather than cost-effectiveness analyses. Only Cambau 
et al. calculated cost-effectiveness, together with cost identifica-
tion, when using SeptiFast. The costs for SeptiFast, BCs, other 
diagnostic procedures, and anti-infective treatments were iden-
tified per patient and were adjusted for their LOS. They did not 
find a difference in costs in the complete study population be-
tween the control group and intervention group, nor for severe 
sepsis patients. Furthermore, the cost-effectiveness analysis did 
not show a significant increase in effectiveness, due to an ICU 
LOS that was not affected by an earlier microbiological identi-
fication [22].

In 2 other studies, cost calculations included diagnostic 
procedures and anti-infective treatment per patient during 
hospitalization [23, 37]. In both studies, it was concluded 
that, despite the high costs of tests, MDx were cost saving 
because of lower costs of antibiotic treatment. Contrary to 
Cambau et  al., Mancini et  al. found significant savings for 
patients with sepsis when using MDx [23]. The retrospec-
tive study by Alvarez et al. calculated that there was a 96.3% 
probability of cost savings when using SeptiFast (321 EUR/
analysis) [37].

Molecular Diagnostics

Details on the MDx that were used in the 25 eligible articles 
assessing clinical impact, including performance character-
istics, are shown in Supplementary Table 1. Eight different 
MDx, of which 5 commercial MDx used whole blood di-
rectly as sample material and 3 techniques used short-term 
incubation, were reported. None of the articles reported on 
in-house assays. One MDx, SeptiFast (Roche, Mannheim, 
Germany), was evaluated in 14/25 (63.6%) of the included 
studies. The VYOO system (SIRS-Lab, Jena, Germany) and 
PCR followed by electrospray ionization–mass spectrom-
etry (PCR/ESI-MS; Plex-ID, Ibis/Abbott Inc., Abbott Park, 
IL, USA) were each evaluated in 2/25 (9.1%) studies, respec-
tively. The T2 Candida magnetic resonance assay (T2MR, 
T2 Biosystems, Lexington, MA, USA) was studied in 3/25 
articles, and the Syndrome Evaluation System (SES, Xcyton 
Diagnostics, Bangalore, India) was assessed in 1/25 (4.5%) 
study. Three are CE-IVD marked tests. Only T2MR has Food 
and Drug Administration approval. Of note, the most recent 
publications on SeptiFast dated from 2017, and the test was 
discontinued after the end of 2019. Additionally, VYOO was 
bought by Analytik Jena in 2013 and is not marketed any-
more. Last, Ibis Biosciences, Abbott, has discontinued the 
PCR/ESI-MS system.

Three techniques used short-term incubation; PCR + 
pyrosequencing after 8 hours of incubation, Molysis + PCR with 
2.6-hour and 6.3-hour incubation, and the Enzyme Template 
Generation and Amplification (ETGA) test (Cognitor Minus, 

Author Study Design
Diagnosis of In-
clusion Population No. of Patients

Diagnostic  
Test

Study 
Location Funding Source

Patch [35] Retrospective Candidemia In-hospital 325 post T2MR US No specific funding, part of a 
supplement sponsored by T2 
Biosystems

19 pre

McCann 
[44]

Prospective 
observational

Suspicion of BSI ED + ICU 918 PCR/
pyrosequencing

US National Institute for Allergy and 
Infectious Diseases, NIH

Gebert 
[45]

Prospective 
observational

Suspected  
septicemia

In-hospital  
patients

69 Molysis + PCR, 
Molzym

Germany German Ministry of Economy and 
Labour

Dryden 
[36]

Prospective 
observational

Clinical infection In-hospital  
patients

246 ETGA Cognitor 
Minus, 
Momentum 
Bioscience

UK No specific funding; Momentum 
Bioscience provided the Cognitor 
Minus kits for this study

Abbreviations: BSI, bloodstream infection; ED, emergency department; ICU, intensive care unit; MDx, molecular microbiological diagnostics; RCT, randomized controlled trial; SIRS, systemic 
inflammatory response syndrome.

Table 1. Continued

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa352#supplementary-data
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Momentum Bioscience, Long Hanborough, UK) for the confir-
mation of negative samples after 12 hours of incubation.

Supplementary Table 1 also shows 2 CE-IVD marked 
tests, SepsiTest-UMD (Molzym, Bremen, Germany) and the 
MagicPlex Sepsis Test (Seegene, Seoul, South-Korea), which 
were identified by our search but excluded because of lack of 
reported clinical outcomes.

Risk of Bias

Using the Cochrane risk of bias tool, the 3 intervention studies 
were assessed for bias at the study level. The risk of bias as-
sessment is summarized in Supplementary Table 2. The study 
by Cambau et  al. scored best (low level of bias), while the 
2 other studies showed some concerns in missing outcome 
data. The overall level of bias was considered to be moderate 
with some concerns. The overall risk of bias in the included 
nonrandomized studies was moderate to serious. The assess-
ment is shown in Supplementary Table 3. There was serious 
risk of bias for the studies assessing therapeutic impact, as most 
studies used a nonblinded method of chart review, which is a 
subjective method. In addition, no information on confounders 
was given in most studies, and no information was provided on 
missing data, which are both factors that are likely to occur in 
prospective observational studies. Lastly, bias in the selection of 
the reported results is mostly moderate, as no protocol reviews 
have been done, which is needed to reach the level of certitude 
needed for a low risk of bias assessment in this domain.

DISCUS SION

The most striking finding of this systematic review was the 
scarcity of reports describing the impact on patient outcomes 
and antimicrobial management of rapid MDx either directly on 
whole blood or after short-term incubation. Our search yielded 
only 25 eligible articles on 8 commercially available tests, and 
no in-house test with data on clinical impact was identified. The 
heterogeneity of these 25 articles was too large and the number 
was too small to perform a meta-analysis.

The use of MDx could potentially result in better antimicro-
bial management before BC results become available, and thus 
in higher rates of appropriate antimicrobial therapy. However, 
in the few studies describing antimicrobial management, no 
uniform terminology was used, making comparisons very dif-
ficult. An earlier change in antimicrobial therapy has additional 
benefits for patients. However, time to change of antimicrobial 
therapy was only evaluated in 3 studies, of which only 1 found 
a significant reduction of inadequate antibiotic therapy [20, 29, 
33]. Additionally, a faster detection of the causative agent of 
sepsis, but more importantly its susceptibility, could lead to an 
earlier de-escalation from broad-spectrum to narrow-spectrum, 
thereby reducing the selective pressure for antibiotic resistance.

The only patient outcomes studied for the use of MDx were 
LOS, ICU LOS, and mortality. Furthermore, few studies found 
improved patient outcomes, while others did not find a signif-
icant improvement or did not study these outcomes at all. Two 
studies found a significantly decreased hospital LOS and ICU 
LOS with the use of MDx. Again, a comparison between tests 
and studies is difficult, as different definitions for LOS were 
used. Additionally, conflicting results were reported on mor-
tality. Interestingly, fungal DNA absence, determined via PCR, 
was found to be an independent predictor for survival, and a 
positive PCR result was found to be an independent predictor 
for mortality, which could be valuable in the fast identification 
of the most critical patients [28, 40]. Only 1 study evaluated dis-
ease severity [38]. Other important patient outcomes such as 
ICU transfer or 30-day readmission were not evaluated. Other 
outcomes relevant to the patient and society, such as destina-
tion upon discharge and return to former trajectory, need to be 
explored further. Studies show that inadequate antibiotic treat-
ment is associated with higher mortality [41]. However, the lack 
of RCTs evaluating antibiotic therapy changes makes the added 
value of these MDx unknown at the patient level.

Lastly, MDx seemed to have an impact on cost. Even with ex-
pensive tests, 4 studies showed a significant decrease in costs. Of 
note: This decrease is not related to the test itself but mostly to 
reduced antimicrobial therapy. Although no cost-effectiveness 
studies were included here, 3 model calculations were identified 
in the search but were excluded as they were beyond the scope 
of our review.

All of the above findings, and especially the large gap of 
knowledge, could have led to a reluctancy of physicians and 
clinical microbiologists to implement MDx starting directly 
from whole blood in clinical practice. These tests are reported 
to be expensive, and the research and production as well, which 
may have led to the discontinuation of 3 out of the 5 systems.

This review on rapid MDx is, to our knowledge, the first to 
report on the added clinical value of MDx either directly from 
blood or after short-term incubation. The strengths of this anal-
ysis were the evaluation of outcomes that affect the individual 
patient directly (mortality and LOS) and indirectly (antimicro-
bial management). These outcomes also have an impact on 
society. However, this review has several limitations. We only 
searched 1 database and could only include 25 studies in this 
review. Only 3 of those were intervention studies. Most studies 
retrospectively evaluated hypothetical changes in antibiotic 
therapy and were not designed to find statistically significant 
differences. Even among this limited number of studies, the ob-
served heterogeneity of studies was high. Studies used different 
terms, outcome measures, and analyses and reported their find-
ings differently. This hampers comparisons and general con-
clusions. Furthermore, the target population, (suspected) BSI 
or sepsis, is also heterogenous, making comparison between 
studies even more challenging.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa352#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa352#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa352#supplementary-data
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In conclusion, data on the clinical evaluation of rapid MDx 
in sepsis are limited. Only a handful of studies showed clear 
benefits in antimicrobial therapy management and patient 
outcomes. Commercially available MDx on whole blood have 
important shortcomings, such as low sensitivity, limited antibi-
otic resistance detection, and high cost. These are all probable 
reasons for discontinuation by companies. MDx combined with 
cultivation, for example, short-term incubation, seem more 
performant. In the future, more robust intervention studies 
should be performed on newly developed MDx, focusing on the 
added value of MDx in clinical practice and the possible bene-
fits for critically ill patients.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
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