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ABSTRACT This study was conducted to assess the utility of the T2Candida panel
across an academic health center and identify potential areas for diagnostic optimiza-
tion. A retrospective chart review was conducted on patients with a T2Candida panel
and mycolytic/fungal (myco/f lytic) blood culture collected simultaneously during hospi-
talizations from February 2017 to March 2018. The primary outcome of this study was to
determine the sensitivity, specificity, and positive and negative predictive values of the
panel compared to myco/f lytic blood culture. Secondary outcomes included Candida
species isolated from culture or detected on the panel, source of infection, days of ther-
apy (DOT) of antifungals in patients with discordant results, and overall antifungal
DOT/1,000 patient days. A total of 433 paired T2Candida panel and myco/f lytic
blood cultures were identified. The pretest likelihood of candidemia was 4.4%.
The sensitivity and specificity were 64.7% and 95.6%, respectively. The positive
and negative predictive values were 40.7% and 98.5%, respectively. There were
16 patients with T2Candida panel positive and myco/f lytic blood culture nega-
tive results, while 6 patients had T2Candida panel negative and myco/f blood
culture positive results. The overall antifungal DOT/1,000 patient days was im-
proved after implementation of the T2Candida panel; however, the use of mica-
fungin continued to decline after the panel was removed. We found that the
T2Candida panel is a highly specific diagnostic tool; however, the sensitivity and
positive predictive value may be lower than previously reported when employed
in clinical practice. Clinicians should use this panel as an adjunct to blood cul-
tures when making a definitive diagnosis of candidemia.
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Candida species represent one of the most common pathogens associated with
nosocomial bloodstream infections (1). Candidemia is also associated with excess

mortality, prolonged length of stay, and increased health care costs (2). These poor
outcomes remain relevant in today’s clinical practice due to the lack of streamlined
diagnostic modalities for candidemia. Currently, blood cultures are the gold standard
for detection of Candida species in the bloodstream. However, blood cultures are slow,
stemming from the time Candida requires to grow to a detectable limit. Depending
upon the Candida species present, it may take 1 to 3 days for detection, thus increasing
the time for a patient to be without antifungal therapy (3).

In addition to time delays, another limitation of blood culture is the variable
concentrations of Candida in the blood for patients with invasive disease. Studies have
shown that the sensitivity of blood culture for the detection of candidemia is approx-
imately 50% (4). This poor sensitivity is thought to be primarily due to the absence of
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organism circulating when patients initially present with invasive disease. Commonly,
the inoculum of Candida at detection is low, with a median of 1 CFU/ml in the first
positive blood culture (5). Therefore, Candida may or may not grow, depending upon
the number of viable cells present in the blood when the culture is obtained. This
further underscores the need for not only timely but also consistent methods for the
detection of candidemia.

In 2014, the FDA approved a novel fungal rapid diagnostic panel. The T2Candida
panel developed by T2 Biosystems utilizes magnetic resonance technology to detect
molecular targets in Candida (6). This rapid diagnostic test utilizes whole blood directly
from patients without the need to wait for growth in culture medium. Five of the
common Candida species are detected on the T2Candida panel, C. albicans, C. tropicalis,
C. parapsilosis, C. krusei, and C. glabrata (7). Additional advantages of this panel include
a turnaround time of 3 to 5 hours and a 1 CFU/ml level of detection (4, 8). In one trial,
the sensitivity and specificity of the T2Candida panel was reported as 91% and 98%,
respectively, compared in blood cultures inoculated with various concentrations of
these 5 Candida species (9).

In February 2017, the Indiana University Health Adult Academic Health Center
(IUH-AAHC) implemented the T2Candida panel as part of a candidemia diagnostic
method named the candidemia screen. The candidemia screen consisted of an order
for the simultaneous collection of the T2Candida panel and a Bactec mycolytic/fungal
(myco/f lytic) blood culture bottle. The myco/f lytic bottles introduce unique proteins
and carbohydrates, promoting faster growth of Candida (10, 11). The panel and myco/f
lytic blood cultures were obtained at the same time from the same site to increase the
probability of growing the organism on culture medium for susceptibility testing when
Candida was detected by the T2Candida panel. Additionally, this allowed for evaluation
of the T2Candida panel compared to the myco/f lytic blood culture in clinical practice.

The candidemia screen was recommended at IUH-AAHC for patients with a high
likelihood of candidemia. This included patients who were septic as a result of intra-
abdominal infections and those with persistent fever despite broad-spectrum antimi-
crobial therapy, parenteral nutrition, Candida colonization, and presence of a chronic
central line. These risk factors were originally based on published candidemia risk
factors but were then internally validated (12). Ultimately, the decision to order the test
was left to the prescriber.

The primary outcome of this study was to determine the sensitivity, specificity, and
positive and negative predictive values of the T2Candida panel compared to the myco/f
lytic blood culture when drawn concomitantly. Secondary objectives included the
Candida species identified by the panel, possible sources of infection for patients with
discordant panel and blood culture results (e.g., T2Candida panel positive but blood
culture negative), days-of-therapy (DOT) of antifungals in patients with these discor-
dant results, and overall antifungal DOT/1,000 patient days in our hospitals.

MATERIALS AND METHODS
This Institutional Review Board (IRB)-approved study was a retrospective review of electronic health

records of patients admitted to IUH-AAHC hospitals with a candidemia screen collected during admis-
sions from February 2017 to March 2018. In the primary analysis, patients were included if they were
age �18 years and had a T2Candida panel and myco/f lytic blood culture drawn simultaneously. Patients
were excluded if there was an invalid result with the T2Candida panel as part of their candidemia screen.
When invalid results occurred, prescribers could reorder the test at their discretion.

In patients with discordant results (either T2Candida panel positive and myco/f lytic blood culture
negative, or panel negative and culture positive), a more in-depth electronic health record review was
performed. This included specific Candida species detected by either the panel or blood culture, possible
source of infection, and if any interfering substances were administered around the time of T2Candida
panel collection. Per the T2Candida panel instructions for use, the following are substances that could
interfere with results of the instrument: calcium hypochlorite (20 mg/ml), K2EDTA (�3.0 mg/ml), feru-
moxytol (�76.5 mg/ml), Magnevist (�1.7 mg/dl), Ablavar (�0.39 mg/ml), and Intralipid (�1.6 mg/ml) to
represent lipemia (13). Additionally, patients with T2Candida panel positive and myco/f lytic blood
culture negative results were further reviewed to determine if they had possible, probable, or proven
invasive fungal disease as outlined by the European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious
Diseases Mycoses Study Group (EORTC/MSG) Consensus Group (14). Antifungal DOT was evaluated to
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determine how clinicians interpreted the discordant results. DOT was defined as receiving any number
of doses of an antifungal agent during a calendar day. Additionally, patients’ charts were reviewed to
determine if any antifungals had been administered prior to the T2Candida panel and myco/f lytic blood
culture being collected.

Total antifungal utilization data in DOT/1,000 patient days at IUH-AAHC were collected before,
during, and after availability of the T2Candida panel. The “before” period is from April 2015 to January
2017 prior to the availability of the panel. The “during” time period is from February 2017 to April 2019.
In May 2019, the use of the T2Candida panel was suspended. The “after” period is from May 2019 to
November 2019.

DOT/1,000 patient days was compiled on a monthly basis and considered a continuous variable, and
time periods were compared utilizing the Mann-Whitney U-test with statistical significance set to be
P � 0.05. Descriptive statistics were used to compare the remainder of the data.

RESULTS

In the primary analysis, a total of 433 candidemia screens were collected from
February 2017 to March 2018. There were 50 (11.5%) invalid T2Candida panels, result-
ing in a total of 383 candidemia screens for review. The pretest likelihood of candidemia
defined as a positive myco/f lytic blood culture was 4.4%. Concordant T2Candida panel
and myco/f lytic blood culture results occurred in 361 (94.3%) patients, 11 (2.9%) with
T2Candida panel positive, myco/f lytic blood culture positive and 350 (91.4%) with
T2Candida panel negative, myco/f lytic blood culture negative results. In 6 (1.6%)
patients, the T2Candida panel was negative and the myco/f lytic blood culture was
positive for Candida growth. Additionally, there were 16 (4.2%) patients with positive
T2Candida panel results and negative myco/f lytic blood cultures, for a total of 22
(5.7%) patients with discordant results (Table 1). This resulted in a sensitivity of 64.7%
and a specificity of 95.6% when the T2Candida panel was compared to myco/f lytic
blood cultures drawn simultaneously. The positive predictive value was 40.7%, while
the negative predictive value was 98.5%, again using the myco/f lytic blood culture as
the standard.

In the 16 patients with a positive T2Candida panel and negative myco/f lytic blood
culture, the T2Candida panel detected 7 (44%) Candida parapsilosis, 7 (44%) Candida
albicans/C. tropicalis, and 2 (12%) Candida glabrata/C. krusei strains. For the 6 patients
with a negative T2Candida panel and a positive myco/f lytic blood culture, the myco/f
lytic blood culture grew 3 (50%) Candida glabrata, 2 (33%) Candida albicans, and 1
(17%) Candida parapsilosis strain. There were no cases of candidemia due to organisms
not represented on the T2Candida panel. In the 16 patients with a positive T2Candida
panel and negative myco/f lytic blood culture, 14 patients had a documented sus-
pected source of infection in the electronic health record. The suspected sources of
infection were central-line associated (n � 5; 31%), intra-abdominal (n � 5; 31%),
empyema (n � 2; 13%), skin/soft tissue (n � 1; 6%), and central nervous system (n �

1; 6%). Two patients in the T2Candida panel positive and myco/f lytic blood culture
negative group had no documented source of infection. Table 2 lists the determination
of possible, probable, or proven invasive fungal disease. In the T2Candida panel
negative and myco/f lytic blood culture positive group, the suspected sources of
infection were intra-abdominal (n � 5; 83%) and central-line associated (n � 1; 17%).
All of these patients met criteria for proven invasive fungal disease due to their positive
blood culture. No patients with discordant T2Candida panel and myco/f lytic blood
culture results received a substance known to interfere with the results of the panel.

TABLE 1 Primary analysis for the T2Candida panela

Result

Result for myco/f lytic blood culture
(no. of patients):

Positive Negative

Positive 11 16
Negative 6 350
aThe positive predictive value and negative predictive value for the T2Candida panel were 40.7% and 98.5%,
respectively, and the sensitivity and specificity values for the myco/f lytic blood culture were 64.7% and
95.6%, respectively.
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In patients with a discordant result, the antifungals prescribed consisted of flucona-
zole, micafungin, and amphotericin B. In the T2Candida panel positive and myco/f lytic
blood culture negative group, patients received a median antifungal DOT of 11 days
(range, 1 to 76 days), 4.5 days (range, 2 to 12 days), and 39 days (range, 8 to 55 days) for
fluconazole, micafungin, and amphotericin B, respectively. Amphotericin B was used in
only three patients of the 16 in this category. In the T2Candida panel negative and
myco/f lytic blood culture positive group, the median antifungal DOT was 10 days
(range, 2 to 45 days) and 5.5 days (range, 1 to 15 days) for fluconazole and micafungin,
respectively. No patients in this group received amphotericin B.

In the T2Candida panel positive and myco/f lytic blood culture negative group, 1
patient had received fluconazole for 7 days, and another patient had received ampho-
tericin B for 27 days prior to collection. In the T2Candida panel negative and myco/f
lytic blood culture positive group, 1 patient received one dose of fluconazole prior to
collection.

The mean (standard deviation) of fluconazole DOT/1,000 patient days at IUH-AAHC
before, during, after implementation of the candidemia screen was 45.3 (5.4), 41.6 (5.2),
and 47.8 (5.5), respectively (P � 0.017 before versus during and P � 0.012 during versus
after). The mean (standard deviation) of micafungin DOT/1,000 patient days before,
during, after implementation was 14.2 (2.3), 9.9 (2.3), and 8.8 (2.0), respectively
(P � 0.001 before versus during and P � 0.252 during versus after).

DISCUSSION

The objective of this study was to determine the sensitivity, specificity, positive
predictive value, and negative predictive value of the T2Candida panel compared to
myco/f lytic blood cultures when both were drawn simultaneously. Prior to implemen-
tation, the concern with the T2Candida panel in clinical practice was the previously
described high sensitivity reported by studies using spiked blood cultures. This level of
sensitivity could potentially increase the risk of false positives due to detecting low-
level contamination resulting in low specificity. The Detecting Infections Rapidly and
Easily for Candidemia Trial part 2 (DIRECT2) study evaluated the T2Candida panel in
comparison to blood cultures in patients with known candidemia (15). In that study,
there were 37 instances in which the T2Candida panel was positive and companion
blood cultures were negative. The authors concluded that there may be an advantage
to the panel, as it can detect Candida species down to 1 CFU/ml and Candida that is

TABLE 2 Determination of invasive fungal disease in T2Candida panel positive and myco/f lytic blood culture negative results

Case Candida sp. detected
Potential source of
infection

Determination of
invasive fungal disease Criteriaa

1 C. albicans/C. tropicalis Unknown Proven Positive blood culture 12 days prior to T2Candida panel
2 C. albicans/C. tropicalis Unknown No criteria met None
3 C. glabrata/C. krusei Central venous catheter Proven Positive blood culture 21 days prior to T2Candida panel
4 C. parapsilosis Central venous catheter No criteria met None
5 C. albicans/C. tropicalis Central venous catheter No criteria met None
6 C. albicans/C. tropicalis Central venous catheter No criteria met None
7 C. parapsilosis Central venous catheter No criteria met None
8 C. parapsilosis Intra-abdominal Possible Allogeneic HSCT

Abscesses on liver
9 C. parapsilosis Intra-abdominal No criteria met None
10 C. parapsilosis Intra-abdominal No criteria met None
11 C. parapsilosis Intra-abdominal No criteria met None
12 C. albicans/C. tropicalis Intra-abdominal No criteria met None
13 C. albicans/C. tropicalis Empyema Possible Allogeneic HSCT

Retinal exudates on exam
14 C. glabrata/C. krusei Empyema No criteria met None
15 C. parapsilosis Skin/soft tissue No criteria met None
16 C. albicans/C. tropicalis Central nervous system Probable TNF-� administration within 90 days

Focal lesions on CT
BAL culture with fungal elements

aHSCT, hematopoietic stem cell transplantation; TFN-�, tumor necrosis factor-�; CT, computerized tomography; BAL, bronchoalveolar lavage.
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nonviable or unable to grow, which may be especially important if the patient has
received antifungals prior to screening. The DIRECT2 study suggested that the
T2Candida panel may identify cases of candidemia or invasive candidiasis missed by
conventional blood culture.

In the present study, the T2Candida panel detected 16 potential candidemia pa-
tients when the myco/f lytic blood cultures were negative. The specificity remained
high because of the low incidence of candidemia (4.4%) identified, even in this high-risk
population. It appears that clinicians at the IUH-AAHC continued antifungal therapy in
patients with a positive T2Candida panel and negative myco/f lytic blood culture as
evident with an antifungal of any type DOT of 14 days. This approach seems reasonable
considering the positive T2Candida panel result and the presence of risk factors for
candidemia. However, more concerning are the patients in which the T2Candida panel
was negative and the myco/f lytic blood culture was positive.

Another prior study reviewed the implementation of the T2Candida panel within a
community health system (16). This study specifically evaluated the utility of the panel
in a clinical practice setting. The findings revealed that the implementation of the
T2Candida panel led to a reduction in time to initiation of appropriate antifungal
therapy and a reduction in micafungin DOT in patients with a negative T2Candida
panel result. Patients in the study commonly had blood cultures obtained as well. Based
on the results of this study, comparing the T2Candida panel with blood cultures
resulted in a sensitivity of 73%, specificity of 96%, positive predictive value of 40%, and
negative predictive value of 99%. A total of 325 patients were evaluated, and 12 had a
positive T2Candida panel and a negative blood culture, while 3 had a negative
T2Candida panel and a positive blood culture. The authors theorized that the discor-
dant panel and blood culture results were due to the panel and blood culture being
drawn at separate times. Therefore, the authors concluded that these patients may
have had intermittent candidemia, and the separate collection times may explain the
reasoning behind the resulting sensitivity.

In the present study, we evaluated the simultaneous collection of the T2Candida
panel and myco/f lytic lytic blood cultures to determine if this strategy would improve
the sensitivity, specificity, positive predictive value, and negative predictive value in
clinical practice. Despite the pairing of the T2Candida panel and myco/f lytic blood
culture at the IUH-AAHC, we did not observe an improvement in these reliability
markers. Surprisingly, we found a lower sensitivity when pairing the two tests together.
Our study suggests that discordant results between the panel and myco/f lytic blood
cultures can likely not be explained by intermittent candidemia.

Previously, Mylonakis et al. observed similar sensitivity to our present study when
the T2Candida panel was employed in clinical practice (9). This study found 2 patients
with T2Candida panel negative and blood culture positive results and 29 patients with
T2Candida panel positive and blood culture negative results. This equates to a sensi-
tivity of approximately 67%, similar to that observed in our study.

Both the present study and past studies have had T2Candida panel positive and
blood culture negative discordant results. Previous authors concluded that this could
be explained by the high sensitivity of the T2Candida panel (9, 16). However, failure of
the T2Candida panel in this study to detect candidemia in 6 cases out of 17 where
myco/f lytic blood culture did detect candidemia brings that supposed high sensitivity
into question.

Despite recommending the candidemia screen only for patients at high risk for
candidemia, it was not routine practice at IUH-AAHC to start empirical antifungal
therapy for all of them, but rather, was at the providers’ discretion. When the T2Candida
panel was implemented at the IUH-AAHC, the antimicrobial stewardship team began
using this diagnostic tool to limit empirical antifungal therapy, specifically recommend-
ing discontinuation in those patients who had been started on antifungals and had a
T2Candida panel negative result. Patients that had panel negative and myco/f lytic
blood culture positive results may have had their empirical antifungal discontinued.
The panel’s results are available within 3 to 5 hours, compared to the myco/f lytic blood
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culture taking 1 to 3 days for first detection of growth. This has the potential to delay
antifungal therapy for up to 1 to 3 days. At our institution, the observed sensitivity and
negative predictive value suggest that approximately 40% of candidemia events will be
missed, thus resulting in 1 in 20 patients receiving delayed therapy. Accounting for the
pretest probability of not having candidemia (95.6%), the observed sensitivity of the
T2Candida panel added little clinically when excluding disease. This is confirmed by a
positive likelihood ratio of 14.7 and negative likelihood ratio of 0.37. Our results are
concerning because previous research has shown increased risk for in-hospital mortal-
ity with delay in antifungal therapy (17).

In response to the data reported in this study, IUH-AAHC stopped offering the
T2Candida panel. This provided us with the opportunity to assess the impact on
antifungal utilization. We observed a decrease in fluconazole and micafungin use after
implementation and then an increase in fluconazole and a continued decrease in
micafungin after removal of the panel. Fluconazole use at our institution is largely
driven by prophylaxis in immunocompromised populations and targeted therapy to
susceptible Candida species. Micafungin is more commonly utilized as an empirical
option for suspected candidemia. There may have been other factors contributing to
the initial and continued reduction in micafungin use other than the T2Candida panel.
There was a simultaneous increase in stewardship resources around the implementa-
tion of the T2Candida panel. Two more infectious disease pharmacists began actively
auditing and giving feedback on antimicrobial use. Another factor may be the clini-
cians’ realization that the incidence is low even in high-risk patients, at 4.4%, with the
T2Candida PANEL serving to start therapy sooner in only 2.9% of our population tested.
Ideally, a test like this could be used in combination with blood cultures to hold
antifungal therapy until confirmed. However, this would require 35 T2Candida tests to
start antifungal therapy earlier for one patient with eventually confirmed candidemia.

The strengths of this study include the coupling of the T2Candida panel and myco/f
lytic blood culture collection. Additionally, we did not have any cases in which
interfering substances were administered near the time of testing. Our study sought to
reduce and identify possible confounders that might result in lower sensitivity com-
pared to previous research. The process of simultaneous T2Candida panel and myco/f
lytic blood culture collection reduced the possibility of intermittent candidemia playing
a role in the resulting sensitivity. Finally, only 3 of the 22 patients with discordant results
had received prior antifungal therapy.

There are also several limitations of this observational study. Patient outcome data
were not collected as part of this study. Patients were reviewed retrospectively, and
only descriptive statistics were able to be used to evaluate the primary endpoints of the
study. After the study period, an update to the T2Candida panel was implemented by
T2 Biosystems, aimed at reducing the number of invalid panel results. Although this
update was not expected to affect valid results of the panel, it is not known if this would
have impacted the results of this study. Another potential limitation is the lack of
control for the volume of blood obtained. This introduces the possibility of some
samples not containing the recommended amount of blood for accurate testing.
However, this represents realistic implementation of a new diagnostic test. Lastly, it is
important to recognize the limitations of blood cultures as the current gold standard.
As reviewed above, blood cultures have a poor sensitivity themselves when detecting
Candida in the blood.

Based on previously published in vitro studies, the T2Candida panel showed promise
as being a highly sensitive test for detecting candidemia. Our study represented use in
clinical practice and showed a low sensitivity, which was inconsistent with in vitro
studies. This has now been shown to be similarly low in two separate studies (16). There
is a risk of delayed antifungal therapy with a negative panel when the blood culture
may later become positive. One benefit the T2Candida panel may offer clinicians is the
ability to hold off on initiation of antifungal therapy until results of this or the blood
culture are available. However, the low prevalence of disease, low rate of detection by
the panel, and cost of the panel should be considered by health systems before offering
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such testing. In conclusion, invasive candidemia remains difficult to diagnose, and
further improvements in rapid diagnostics for this infection are needed.
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