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Abstract

Background: T2Bacteria assay uses T2 magnetic resonance (T2MR) technology for the rapid diagnosis of bacterial
bloodstream infections (BSIs). This FDA cleared technology can detect 5 of the most prevalent pathogens causing
bacteremia (Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Enterococcus
faecium). Because the significance of discordant results between the T2Bacteria assay and blood culture (BC)
remains a challenge, in this case series we reviewed the medical records of patients who had a positive T2Bacteria
test and a concurrent negative BC.

Methods: Among 233 participants, we identified 20 patients with 21 (9%) discordant T2Bacteria-positive/BC-
negative (T2+/BC-) results. We classified these results based on clinical cultures and clinical evidence.

Results: When we analyzed these 21 discordant results in-depth, 11 (52.5%) fulfilled criteria for probable BSI, 4
(19%) for possible BSI, and 6 (28.5%) were presumptive false positives. Among the probable/possible BSIs,
discordant results were often associated with patients diagnosed with closed space and localized infections
[pyelonephritis (n = 7), abscess (n = 4), pneumonia (n = 1), infected hematoma (n = 1), and osteomyelitis (n = 1)].
Also, within the preceding 2 days of the T2+/BC- blood sample, 80% (16/20) of the patients had received at least
one dose of an antimicrobial agent which was active against the T2Bacteria-detected pathogen.

Conclusions: In the majority of discrepant results, the T2Bacteria assay detected a plausible pathogen that was
supported by clinical and/or microbiologic data. Discrepancies appear to be associated with closed space and
localized infections and the recent use of effective antibacterial agents. The clinical significance and potential
implications of such discordant results should be further investigated.

Keywords: Bacteremia, Bloodstream infection, Sepsis, Septicemia, T2Bacteria assay, T2 magnetic resonance, T2MR,
Discordant results
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Background
Bloodstream infections (BSIs) are associated with significant
morbidity and mortality [1, 2] and timely administration of
appropriate antimicrobial therapy is considered critical for
improved outcomes [3]. Development of rapid and accurate
diagnostic tests, along with their implementation in the
everyday clinical practice may significantly decrease the
turnaround result time and help with the selection of ap-
propriate antimicrobial therapy [4]. Recently, the US Food
and Drug Administration (FDA) cleared the T2Bacteria
assay (T2 Biosystems, Lexington, MA). This diagnostic
panel is capable of detecting 5 important ESKAPE patho-
gens (Escherichia coli, Staphylococcus aureus, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and Enterococcus
faecium), by using T2 magnetic resonance (T2MR) directly
on whole blood samples. These pathogens represent the
majority of healthcare-associated infections and often ex-
hibit multiple drug resistance [5–7].
The diagnostic efficacy of the T2Bacteria assay was de-

termined in a multi-center clinical trial that involved 11
US hospitals and included 1427 patients [8]. The sensi-
tivity and specificity of the T2Bacteria assay were deter-
mined based on the results of concurrent blood culture,
which is the standard of care for diagnosing BSIs. Per-
patient sensitivity and specificity of T2Bacteria for
proven BSIs were 90% (95% CI, 76 to 96%) and 90% (CI,
88 to 91%), respectively; while the negative predictive
value was 99.7% (1242 of 1246). Importantly, discordant
T2Bacteria-positive/blood culture (BC)-negative results
(T2+/BC-) represented 10% (146/1427) of all reported
tests [8], while the clinical significance of these results is
still undetermined.
Since blood culture results may be negative even in

cases of severe sepsis [9], and can be affected by factors
such as prior antibiotic use [10, 11], our aim was to
evaluate the significance of T2+ cases when BC was
negative, in an effort to get a better understanding of
whether these T2 results were false positives or poten-
tially associated with an infection.

Methods
Study design, setting and population of the T2Bacteria
clinical tria
This study was a sub-study of a larger, prospective,
multi-center clinical trial, which led to the FDA clear-
ance of the T2Bacteria assay. The study population was
composed of hospitalized patients (18 years or older), in
whom BSI or sepsis was suspected and BC was ordered
by the treating physician as per standard of care. After
enrollment, aerobic and anaerobic companion BC set
(one bottle each) and whole blood samples (for T2Bac-
teria testing) were collected concurrently and from the
same anatomic site. Companion BCs (5–10ml whole
blood per bottle) were performed in accordance with

hospital practices and manufacturer’s recommendations.
Also, the results of the T2Bacteria panel were not avail-
able to the clinicians and did not impact their clinical
judgement. Further details about the clinical trial can be
found in the original study by Nguyen et al [8].

Design and data collection of this study
Data of patients who were enrolled in the aforemen-
tioned clinical trial, at The Miriam Hospital, Providence,
RI, between December 2015 and July 2017, were
reviewed. After identifying the patients who had discord-
ant T2+/BC- results, we accessed their medical file and
an in-depth analysis of each case was performed. For
each patient, we retrospectively reviewed all clinical files
and recorded the following: age, gender, pathogen de-
tected by the T2Bacteria assay, positive clinical cultures
with the same T2Bacteria-detected pathogen (either
from a previous clinical BC or from an extra-blood site,
within a time frame of 21 days-as per clinical trial proto-
col), antibiotics used, history of present illness, radio-
logic findings, diagnoses and outcomes, including
readmission in the following 6 months. In our study site,
companion BCs (5 to 10 mL of whole blood per bottle)
were performed using the VersaTREK automated detec-
tion system (Thermo Fisher Scientific), while bacteria in
positive cultures were identified using the VITEK 2 sys-
tem (BioMérieux). Blood cultures that did not yield an
organism were incubated for at least 5 days.

Definitions
Each discordant T2+/BC- result was classified as prob-
able BSI, possible BSI, or presumptive false positive.
More specifically a BC was defined as negative if no bac-
teria were recovered from a set of BC bottles, while the
T2Bacteria result was considered positive if ≥1 of the 5
targeted bacteria were detected. Each medical record
was reviewed independently by two investigators (MK,
GST).
Discordant T2+/BC- results, were classified as follows:

� Probable BSI, if the T2Bacteria-detected micro-
organism was isolated within 7 days from a clinical
BC collected at a different time, or from a clinical
culture from an extra-blood site (e.g., abdomen,
urine, wound) indicating a plausible cause of infec-
tion. In this context, “Day 0” is defined as the day of
the T2Bacteria blood sample collection.

� Possible BSI, if there was a positive T2Bacteria result
in the absence of supporting culture data, provided
that the detected bacterium was a plausible cause of
the disease (e.g., E. coli in a patient with
pyelonephritis).

� Presumptive False Positive, if none of the above was
true.
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These definitions were in concordance with those used
by Nguyen et al. in their recently published trial [8]. The
only difference was the timeframe definition of probable
BSI which was stricter in order to avoid representing a
new infection. In this regard, we used a 7-day timeframe
instead of 21 days.
Patients were considered to be receiving an active

antibiotic around the time of testing if they received
at least one dose within the 2 days preceding sample
collection. For probable BSIs, where at least another
culture was positive for the T2Bacteria detected
microorganism, culture sensitivities were used to de-
termine if the T2Bacteria-detected microorganism was
susceptible to a previously received antibiotic. For
possible BSIs and presumptive false positive results,
where by definition no isolate was available, the hos-
pital antibiogram was used to determine if the
T2Bacteria-detected microorganism was susceptible to
the received antibiotic.
Since study participants could have had multiple BCs

during their hospital course, and in order to avoid con-
fusion we will refer to the BC collected concurrently
with the T2Bacteria blood sample, as companion BC.

Results
At our study site, 233 patients participated in the ori-
ginal T2Bacteria trial. For the T2 detected microorgan-
isms (Escherichia coli, Staphylococcus aureus, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and Enterococcus
faecium) the results from our site were as follows: 211
patients had a concordant T2−/BC- result, 2 patients
had a concordant T2+/BC+ result, 0 patients had a dis-
cordant T2−/BC+ result, while 20 out of 233 patients
(8.5%) had a discordant T2+/BC- result. For those 20 pa-
tients with T2+/BC-, we accessed their medical files and
we performed an in-depth analysis. In 1 patient the
T2Bacteria assay detected 2 bacteria simultaneously.
Therefore, the final analysis describes 21 discordant re-
sults. Because of this discrepancy, in the section below
we specify if a particular number refers to patients or
assay results.
Among patients with a discordant T2+/BC- result, age

ranged from 19 to 86 (median age 68 years); 11 were
women and 9 were men. In total, 80% (16/20) of the pa-
tients had received at least 1 dose of an active antibiotic
(based on culture results and/or hospital antibiogram)
within the preceding 2 days of the T2+/BC- blood sam-
ple. Among 20 patients, 14 were discharged with a diag-
nosis that included a closed-space or localized infection,
such as pyelonephritis (n = 7), abscess (n = 4), pneumo-
nia (n = 1), infected hematoma (n = 1), and osteomyelitis
(n = 1).
For every case, we collected clinical details, including a

brief history of presenting illness, clinical culture results,

antibiotics used, relevant radiologic findings and discharge
diagnoses. As detailed below, among the 21 discordant
T2+/BC- results, 11 (52.5%) fulfilled the criteria for a
probable BSI, 4 (19%) for a possible BSI and 6 (28.5%)
were presumptive false positives.

Probable BSIs
Probable BSIs comprised more than half of the T2+/BC-
discordant results (11 out of 21) (Tables 1 and S1). Al-
though the companion BC turned out negative and led
to a discordant T2+/BC- result, the presence of the T2-
detected microorganism was supported by at least 1
other clinical culture (median time: − 1 day, range: − 4 to
0 days). These probable BSI cases were due to: E. coli
(n = 6), S. aureus (n = 3), K. pneumonia (n = 1), and P.
aeruginosa (n = 1). A brief clinical vignette summarizing
each case can be found on Table 1.
In all 11 T2+/BC- results classified as probable BSIs,

the patient had already received antibiotics for a mean of
2.5 days prior to the T2 blood draw (Table 1). The sus-
ceptibility results from the supporting clinical cultures
showed that in all of these cases the antibiotics were ac-
tive against the pathogen detected by the T2Bacteria
assay. Also, antecedent antibiotic use is partly explained
by the fact that in 8 of these 11 patients (73%), the com-
panion T2 BC was chronologically the second set of BC
to be drawn during the same hospitalization course,
therefore the patient was already receiving antibiotics
(Table S1).
All patients were discharged without subsequent re-

admission, except for 1 case (patient n.7) who was later
readmitted due to bacteremia with the previously de-
tected T2Bacteria microorganism. In this case a BC set
was received on hospital day 1 and the patient received
therapy for suspected pneumonia. On day 4, the first set
of BC was still negative and the T2Bacteria sample and
companion BC were obtained. On day 5, 1 bottle from
day 1 BC yielded S. aureus growth but the patient was
discharged on oral ampicillin/clavulanate. She was re-
admitted 2 days later when the second bottle of the
same set of day 1 BC turned out positive as well. T2Bac-
teria was positive for S. aureus since Day 4 (see also
Tables 1 and S1).
Regarding the site of infection, 7 patients were dis-

charged with the diagnosis of pyelonephritis, and 1 each
with pneumonia, thigh abscess, osteomyelitis, and kidney
abscess. In all cases the causative microorganism was
eventually isolated and it was the same that the T2Bac-
teria had detected. No other plausible microorganisms
were detected from clinical cultures. As shown in Table
S1, the antibiotic choice of these patients was made
based on the clinical picture on admission and it was
later tailored based on the sensitivity results of the posi-
tive clinical culture.
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Possible BSIs
We classified 4 results as possible BSI and each one
of them represents a different patient (Tables 2 and
S2). In these cases, there was no supporting clinical
culture evidence of the T2Bacteria assay result. How-
ever, the T2Bacteria-detected pathogen seemed as a
plausible cause of the discharge diagnosis. More spe-
cifically, T2Bacteria detected S. aureus in the blood-
stream of a patient who was an active injection drug
user. The patient presented with cough and fever, and
was later discharged with the diagnosis of pneumonia.
T2Bacteria also detected 2 cases of P. aeruginosa. The
first was detected in a patient who had diverticulitis
with micro-perforations on imaging. The second was
detected in a patient with infected hematoma 4 days
after appendectomy, in whom drainage of his
hematoma yielded a polymicrobial infection. Finally,
T2Bacteria detected E. coli in a patient with fever,
nausea, vomiting and severe sepsis, who was on treat-
ment with trastuzumab (Herceptin®) and discharged
without a relevant diagnosis.
Prior to the blood draw, all patients had received an anti-

biotic for which the T2Bacteria detected microorganism
was at least 85% susceptible based on hospital antibiogram
(susceptibility available on Table 2). In all patients the out-
come was discharge without subsequent readmission, ex-
cept for patient n.13 who was readmitted with diverticulitis
after 15 days. At that time, computed tomography (CT)
showed sigmoid diverticulitis with small abscess formation
which was not amenable to percutaneous drainage and BC
was again negative.

Presumptive false-positive results
In total 6 T2+/BC- results were defined as presump-
tive false-positives (Tables 3 and S3). For patient n.6,
the T2Bacteria was positive for both E. coli and P.
aeruginosa (discussed below). After reviewing the
electronic medical records of these patients, the
T2Bacteria-detected pathogens did not seem to cor-
relate with either the discharge diagnosis or any la-
boratory culture. Interestingly, 2/6 (33%) of these
patients had received an antibiotic for which the
T2Bacteria-detected pathogen was susceptible based
on hospital antibiogram. Moreover, patient n.18, in
whom T2Bacteria detected E. coli in his blood, had a
recent history of multiple urinary tract infections
(UTIs). However, due to lack of urinary symptoms
and his unrelated presenting symptom, no urine cul-
ture was performed. Finally, as noted above, in pa-
tient n.6, T2Bacteria was positive for both E. coli and
P. aeruginosa, while the discharge diagnosis was py-
elonephritis with positive urine culture for E. coli.
Thus, the E. coli result was classified as probable BSI
(Table 1), while P. aeruginosa as false positive because

the chance of concurrent infection was considered
low. The outcome in all of these cases was discharge
without readmission.

Discussion
The T2Bacteria panel is a new test for the rapid diagno-
sis of BSI caused by 5 of the most prevalent bacterial
pathogens. In this study we reviewed in detail 20 pa-
tients with 21 discordant T2+/BC- results, in an effort to
evaluate the robustness of T2Bacteria positive results, in
the context of a concurrent negative BC. We found that
most of the discordant results (71%) were due to prob-
able or possible BSIs and in all of these cases the pa-
tients had received an active antibiotic against the
T2Bacteria-detected microorganism. Localized infec-
tions, as well as antibiotic use before the T2Bacteria
sample, might be associated with discordant results in
patients with probable or possible BSIs. Importantly,
even though in most cases the positive T2Bacteria result
was supported by clinical information, the clinical sig-
nificance of these results and the need to treat solely
based on a T2Bacteria positive result needs to be
studied.
The interpretation of a new assay poses a major

challenge in diagnostic accuracy studies [12]. In the
T2Bacteria trial, in order to estimate accuracy, the au-
thors assumed that the reference standard, i.e. the
BC, is 100% sensitive and specific for bacteremia
diagnosis [8]. However, the sensitivity of a BC is sub-
optimal and significantly hampered in certain condi-
tions, such as the antecedent antibiotic use [13]. In
this context, the detailed review of clinical circum-
stances is needed in order to appreciate the clinical
significance of a positive result. In our review, the
finding that the majority of discordant results were
either probable or possible BSIs underlines that a
positive T2Bacteria assay result might have had an
even closer association with the pathogen involved.
Besides investigating the validity of T2+ results in

the context of a negative BC, our analysis provides a
better understanding of the different factors which
likely affected these results. Interestingly, 14 out of 20
patients with discordant results were later discharged
with a diagnosis of closed-space or localized infection.
Such infections can cause intermittent bacteremia,
thus constituting detection by a BC challenging [14,
15]. However, T2Bacteria may have an increased cap-
ability of pathogen detection in this context, due to
its ability to identify bacterial DNA, which might have
persisted in patient’s bloodstream after a period of
intermittent bacteremia [8]. From a clinical perspec-
tive, recognizing the pathogen associated with closed
space and localized infections early in the course of
hospitalization and without the need of a surgical
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procedure, may be proven significant, since early and
effective source control of infection can play a pivotal
role in those patients' outcome [16].
Concurrent antibiotic use also played a significant role

in the majority of T2+/BC- results. In the study by
Nguyen et al. [8], apart from collecting the T2Bacteria
sample concurrently with the companion BC, no other
strict timing regulation was imposed. Obtaining a BC
during antibiotic therapy is associated with a significant
decrease of pathogen detection [17, 18]. A recent study
by Scheer et al. reported a loss of 23% in BC positivity of
patients with sepsis who had already received antibiotics
[13]. T2Bacteria assay allows the detection of bacterial
cell-associated DNA even in the presence of substances
that inhibit cell growth [19] and is less likely to be im-
pacted by antecedent antibiotic use [8, 20].
In addition to the clinical significance of discordant re-

sults, careful selection of the optimal time to perform
the T2Bacteria test has yet to be defined. Performing
T2Bacteria as a part of the initial diagnostic work up
along with the BC, could provide the clinician with a
higher cumulative sensitivity for bacteremia detection.
Also, identification of the causative organism by the
T2Bacteria assay, even without antibiotic susceptibilities,
could help clinicians streamline and adjust the empiric
therapy, based on detection of organisms with unique
susceptibility profiles or high local resistance rates [21].
The present study has some notable limitations. First,

we investigated in depth only the discordant results from
our study site. Second, since the clinicians were not in-
formed of the T2Bacteria results during the conduction
of the trial, our study cannot provide information on the
clinical significance of a positive T2Bacteria result. Fi-
nally, the assay is capable of diagnosing only 5 pathogens
and cannot replace the BCs, which will be required for
the detection of other pathogens as well as for suscepti-
bility testing. Consequently, this is posing a question re-
garding the excess costs and utilization of healthcare
resources [22].

Conclusions
In conclusion, based on a single-center experience, in
the majority of discrepant cases a positive T2Bacteria
assay was associated with a plausible pathogen that was
supported by clinical and/or laboratory data. On the
other hand, almost one third of the cases yielded false
positive results highlighting the need for molecular test-
ing stewardship and careful clinical interpretation of re-
sults. The clinical significance, cost-effectiveness, and
optimal timing of the assay should be studied further,
and, in these studies, the evaluation of discordant results
should focus on patients already receiving antibiotics
and those with a potential closed-space or localized
infection.
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