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Biomarker tests for invasive Candida infection in critically ill
patients in the UK (A-Stop): a multicentre diagnostic test
accuracy study

Ronan McMullan, Laura Loughlin, Sorcha Toase, Christina Campbell, Mike Clarke, Tanya Curran, Paul Dark, Mary Guiney, David A Harrison,
Jaime Lindsay, Clare Mills, Kevin P Morris, Gavin D Perkins, A John Simpson, Matt Stevenson, Timothy Walsh, P Lewis White, Danny F McAuley, on
behalf of The A-Stop Study Investigators*

Summary

Background The current practice of empirical antifungal treatment for suspected invasive Candida infection in the
intensive care unit (ICU) leads to overtreatment. Biomarkers might better target treatment; however, their diagnostic
accuracy in this patient group is uncertain. This study aimed to evaluate whether a biomarker or a combination of
biomarkers has sufficiently high negative predictive value (NPV) to enable early cessation of empirical antifungal
treatment in patients in ICUs.

Methods In this prospective, multicentre, diagnostic test accuracy study, we recruited patients who had been started
on empirical antifungal treatment for suspected candidiasis and had blood cultures drawn within 24 h of starting
treatment from 43 UK ICUs. We tested a research blood sample, collected within 24 h of the standard-of-care care
blood culture (ie, within 48 h of starting empirical antifungal treatment), with three DNA detection tests (Fungiplex,
T2Candida, and CandID) and one (1,3)-B-D-glucan test (Fungitell). We assessed the accuracy of these tests against an
international consensus definition of proven invasive Candida infection and a constructed reference standard for
proven or probable infection. The primary outcome was NPV for exclusion of proven Candida infection; we also
reported sensitivity, specificity, and likelihood ratios.

Findings Among 4005 patients screened, 1251 were enrolled. A total of 1225 participants, recruited between April,
2018 and Feb, 2023, were evaluable, among whom 54 (4-4%) had proven invasive Candida infection. The median
duration of antifungal treatment was 9 days (IQR 5-15), and survival at 28 days was 76-8%. The index tests had
similar NPVs: 96-6% (95-3-97-6) for Fungiplex, 97-1% (94-7-98-6) for T2Candida, 96-7% (95-4-97-8) for CandID, and
97-2% (95-5-98-4) for Fungitell; however, sensitivity varied widely among the tests, from 27-5% to 68-6%. The
optimal test combination was Fungitell and CandID, which had an NPV of 97-5% (95-7-98-7) and a sensitivity of
75-0%. Combining these biomarkers with standard-of-care blood culture testing further increased the NPV to 98-6%
(97-0-99-4), with a sensitivity of 85-1%.

Interpretation No single biomarker had sufficiently high sensitivity to justify stopping empirical antifungal treat-
ment. Combining Fungitell and CandID with standard-of-care blood culture testing could provide a sufficiently high
NPV to allow early cessation of empirical antifungal treatment in this patient group, thereby reducing overtreatment,
although this gain in sensitivity is accompanied by a reduction in specificity. Randomised trials are needed to
confirm the clinical and cost-effectiveness of this diagnostic strategy before it is adopted in practice.
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Research Charitable Trust Fund of the Belfast Health & Social Care Trust.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
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Introduction
Patients in intensive care units (ICUs) frequently receive
empirical antifungal treatment; however, fungal disease is

precautionary approach results in substantial overtreat-
ment as most patients receiving empirical treatment do not
have invasive Candida infection.??

confirmed in only a small proportion (approximately 5%) of
patients who receive treatment.! Diagnostic uncertainty
among patients in ICUs at risk of candidiasis drives pre-
cautionary empirical prescribing because observational
datasets show that delayed treatment initiation has been
associated with increased mortality in a small proportion of
patients later confirmed to have infection. This
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Candida and related species account for two of the four
crucial fungal pathogens on the WHO fungal priority
pathogens list.* Antifungal treatment is associated with
adverse effects, drug interactions, resistance pressure, and
drug acquisition cost. Candidozyma auris shows the health
consequences of drug resistance in Candida and related
species.””
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Research in context

Evidence before this study

Across different patient populations, several studies, often
assessing performance of only one or two biomarkers, have
reported good, although variable, sensitivity of both B-D-glucan
and PCR-based tests, mainly when evaluated for detecting
candidaemia. Whether these tests perform sufficiently well to
guide treatment discontinuation in the large population of
patients in the intensive care unit (ICU) who receive empirical
antifungal treatment remains uncertain. We searched PubMed
from inception until Dec 31, 2025 for manuscripts that included
the MeSH terms (Candida OR fungal) AND diagnostic accuracy
AND (biomarker OR PCR OR DNA OR T2 OR beta-D-glucan OR
BDG) AND (intensive care OR critical care), without language
restriction. We identified 377 studies. Most studies were not
relevant to our research question, were of single-centre design, or
were restricted to Candida infection syndromes that did not
involve the bloodstream. No large multicentre studies
prospectively evaluated the diagnostic accuracy of several
biomarkers in patients in ICUs who were receiving empirical
antifungal treatment for suspected invasive Candida infection.

Several commercially available biomarkers could help to
reduce overtreatment. These biomarkers are based on the
detection of either pathogen DNA or antigen but are not
widely used in practice for antifungal treatment decision
making in the UK, likely because of uncertainty about their
clinical effectiveness and cost-effectiveness. Therefore, in
this study, we aimed to assess the diagnostic accuracy of
four biomarkers to evaluate their potential utility for
excluding Candida infection and enabling early cessation of
empirical antifungal treatment.

Methods
Study design and participants
A-Stop was a prospective, multicentre, diagnostic test
accuracy study for evaluating biomarkers for Candida
infection in patients in ICUs receiving empirical antifungal
treatment. We published the study protocol online, regis-
tered it with ISRCTN (ISRCTN43895480), and detail it in
the appendix (pp 2-26).* The study was conducted
according to the principles of the Declaration of Helsinki.® A
Research Ethics Commiittee (South Central Hampshire A, ref
17/SC/0613) and the UK Health Research Authority reviewed
the protocol, participant information, and consent forms.
We recruited participants between April, 2018, and Feb,
2023. To be eligible, participants had to have received
empirical systemic antifungal treatment for suspected
invasive Candida infection, initiated by their clinical care
team within the preceding 24 h, and had to have blood
culture samples obtained as part of usual clinical care
within 24 h (before or after) of starting treatment. Patients
at significant risk of, or suspected to have, non-Candida
fungal infection (eg, Aspergillosis) were excluded. The

Added value of this study

This study presents new evidence evaluating the diagnostic
accuracy of four biomarkers for Candida among critically ill
patients without neutropenia who were receiving empirical
antifungal treatment for suspected Candida infection. The study
provides new evidence to guide targeted antifungal treatment in
intensive care. We propose an optimal combination of biomarkers
that, when used with blood cultures, has a negative predictive
value of approaching 99-0% (ie, 98-6%) in patients considered to
be at sufficient risk of Candida infection to have been started on
treatment empirically.

Implications of all the available evidence

No single test performs sufficiently well to allow treatment to be
stopped. The incremental gain in diagnostic accuracy from
combining biomarkers with blood culture might be sufficient to
exclude infection in at-risk patients in ICUs; however, randomised
trials should confirm the clinical and cost-effectiveness of such a
diagnostic strategy.

complete eligibility criteria are provided in the appendix
(pp 9-10). We obtained informed consent from the partic-
ipants directly or, when appropriate, based recruitment
decisions on the opinion of a parent, guardian, personal
consultee, or a nominated consultee.

Study procedures

We obtained a research blood sample for biomarker testing
as soon as possible within 24 h of the blood culture
(ie, within 48 h of starting empirical antifungal treatment).
We separated samples into aliquots. Some aliquots were
centrifuged to obtain serum; these serum aliquots were
then frozen at participating sites and shipped in batches to
the central laboratories in Belfast and Cardiff, UK, where
they were stored at —-80°C. We evaluated four index tests:
one (Fungitell; Associates of Cape Cod, East Falmouth,
Massachusetts, USA) detects (1,3)-p-D-glucan (BDG), a
fungal cell wall antigen; the remaining three detect Candida
DNA (Fungiplex Candida, Bruker Diagnostics, Nehren,
Germany; T2Candida, T2 Biosystems, Lexington, Massa-
chusetts, USA; CandID, IMMY, Braintree, England). Sci-
entists trained by the manufacturers performed all tests
according to manufacturers’ instructions.

For the main analysis, we classified all positive results
from DNA detection tests (irrespective of cycle threshold
value or signal strength) as positive, including weak pos-
itives, and set the threshold for BDG positivity at 80 pg/mL.
For the Fungitell BDG test, we considered an intermediate
result (60-79 pg/mL) inconclusive and excluded it from the
main analysis.

We performed an additional test for combined Candida
mannan or anti-mannan (Platelia Candida Ag plus and
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Platelia Candida Ab plus, BioRad Laboratories, Feld-
kirchen, Germany) to support diagnostic classification of
study participants as part of a constructed reference
standard for probable Candida infection. Scientists per-
forming the index tests were masked to standard-of-care
culture results, mannan or anti-mannan results, and clin-
ical characteristics of participants. We did not make
research test results available to clinical care teams.

We assessed diagnostic accuracy by comparing each
index test to disease definitions for proven invasive Candida
infection and separately for proven or probable invasive
Candida infection. These definitions are provided in the
appendix (pp 27-31), which are based on consensus dis-
ease definitions developed for patients in ICUs.! Briefly,
the reference standard for the main analysis was proven
infection, defined as meeting at least one of the following
criteria: (1) definitive histological evidence; (2) identifica-
tion of Candida species in blood culture; or (3) isolation of
Candida species from a normally sterile anatomical site in a
specimen obtained either intraoperatively or via a freshly
placed drain (<24 h). For analysis of secondary outcome
measures, we developed a constructed reference standard
for probable infection, in which one test used for the
mycological component of the definition was a combined
mannan or anti-mannan test. To account for uncertainty in
the accuracy of the mannan or anti-mannan test, we
repeated the secondary analysis using an alternative
mycological test (DNA or BDG).

Outcome measures

The primary outcome measure was the negative predictive
value (NPV) for each index test, individually, with reference
to the definition for proven Candida infection. We also
reported sensitivity, specificity, positive predictive value,
and negative or positive likelihood ratios.

The secondary outcome measures were diagnostic
accuracy metrics for combinations of index tests, with ref-
erence to proven invasive Candida infection; diagnostic
accuracy metrics for each index test, individually and in
combination, with reference to the constructed reference
standard of proven or probable invasive Candida infection;
estimated proportion of patients receiving empirical anti-
fungal treatment who might not require treatment based
on the disease definitions used; and cost-effectiveness of
testing strategies and risk preferences of clinicians and
patients for biomarker testing as an antifungal stewardship
intervention. These findings will be reported separately.

We planned subgroup analysis using the outcome of
NPV for each index test or, where more appropriate for
some subgroups, using test sensitivity instead. Subgroups
comprised children, patients with candidaemia, and
patients grouped by severity of organ dysfunction using the
Sequential Organ Failure Assessment or Paediatric Logistic
Organ Dysfunction 2 score. We also planned subgroup
analysis for patients with infection caused by Candida
albicans and Nakaseomyces glabratus (formerly Candida
glabrata) versus other species.
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‘ 4005 patients screened for eligibility ‘

‘P{ 2754 did not meet the eligibility criteria

A
‘ 1251 enrolled across 43 UK ICUs ‘

‘P{ 6 had their consent withdrawn ‘

A

‘ 1245 assessed for Candida infection status

‘P{ 20 categorised as not classifiable ‘

v

v

‘ 54 had proven disease ‘

‘ 1171 had not proven disease ‘

v

v

Evaluated test results included
51 for Fungiplex
18 forT2Candida
51 for Fungitell
49 for CandID

Evaluated research
test results

Evaluated test results included

1110 for Fungiplex
370 forT2Candida

1101 for Fungitell

1042 for CandID

Figure 1: Study profile
ICU=intensive care unit.

Statistical analysis

The planned sample size of 1250 provided a power of 90%
to detect an NPV of more than 99%, with a likelihood of
93% that the point estimate for sensitivity would exceed
90%. The calculation assumed a disease prevalence of 4%
for proven disease, dropout rate of 5%, true test sensitivity
of 95%, and specificity of 92%.

We analysed data using the statistical software Stata/IC
version 15.1 for Windows in accordance with the statistical
analysis plan, which was finalised before database lock. We
presented baseline characteristics and follow-up data using
descriptive statistics. We used the diagt command to esti-
mate sensitivity, specificity, positive predictive value, NPV,
and likelihood ratios for each index test and test combin-
ation, expressing precision with their 95% Cls. From the
main analysis, we excluded missing samples and those
for which the index test could not be completed or inter-
preted for technical reasons (eg, assay failure or failure of
internal controls to run as expected, mostly applicable to
T2Candida).

Role of the funding source

The funders of this study had no role in study design (except
for providing peer review before the decision to fund), data
collection, analysis, interpretation, or manuscript writing.

Results

We screened 4005 potentially eligible patients and enrolled
1251 patients with informed consent from 43 UK ICUs.
Among the 2754 patients who were not enrolled, the most
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Proven infection

(n=54)

No proven

infection (n=1171)

All evaluable
patients (n=1225)

Age, years (adults and
children older than 1 year)

Age, months (children
younger than 1 year
[n-=14]
Sex

Male

Female

60-3 + 13-6 (33-86)

28 (51:9%)
26 (48-1%)

Main diagnosis on ICU admission

CNS
Cardiovascular system
Respiratory system
GIT or hepatology
Renal
Toxicology
Haematology
Orthopaedic
Sepsis
Other
Relevant medical history
Diabetes
Neutrophil abnormality
Solid organ transplant
Scores
SOFA score
APACHE 2 score (adults)
PELOD 2 score (children)
Candidiasis risk factors
Pancreatitis

Total parenteral
nutrition

Abdominal surgery
Other major surgery

Renal replacement
therapy

2(37%)
4.(7-4%)
10 (16:7%)
21 (38-9%)

0
0
0
1(1-9%)

11 (20-4%)
5(9-3%)

19 (35-2%)
1(1-9%)
1(1-9%)

91+41
172+ 67
0

3 (5:6%)
12 (22-2%)

25 (46-3%)
12 (22-2%)
10 (18-5%)

Number of central venous catheters

0

1

2 or more
Number of drains in situ

0

1,2,0r3

4 or more
Glucocorticoid treatment
within 30 days of
enrolment
Systemic
immunosuppressant
drugs within 30 days
Impaired gut wall integrity
in last 14 days
Impaired cutaneous
barriers within 14 days
before enrolment

3 (5-6%)
40 (74-1%)
11 (20-4%)

18 (33:3%)
34 (63-0%)
2 (3-7%)
13 (24-1%)
2 (3-7%)

28 (51-9%)

41 (75-9%)

579 + 16-8 (1-93)

3-4 + 2.8 (1-10)

716 (61-1%)
455 (38-9%)

36 (3-1%)
88 (7:5%)
219 (18-5%)
518 (44-2%)
27 (2:3%)

13 (1-1%)
4(0-3%)
18 (15%)
195 (16-6%)
54 (4-6%)

204 (17-4%)
12 (1-0%)
31 (2:7%)

9-0£43
172+ 61
76 £41

118 (10-1%)
251 (21-4%)

604 (51-5%)
169 (14-4%)
300 (25-6%)

90 (7-7%)
673 (57-5%)
408 (34-8%)

577 (49-2%)
567 (48-4%)

28 (2-4%)
295 (25-2%)

67 (5:7%)

630 (53-8%)

875 (74-7%)

58.0 + 16-7 (1-93)

3-4 £ 2-8 (1-10)

744 (60:7%)
481 (39-3%)

8 (3-1%)
(7 5%)
229 (18-7%)
539 (44-0%)
27 (2:2%)
13 (1-1%)
4(0-3%)
19 (1-6%)
206 (16-8%)
59 (4-8%)

223 (18-2%)
13 (1-1%)
32 (2-6%)

9-0£43
17-2+ 6:2
76 +41

121 (9:9%)
263 (21-5%)

629 (51-3%)
181 (14-8%)
310 (25-3%)

93 (7-6%)
713 (58-2%)
419 (34-2%)

595 (48-5%)
601 (49-0%)

30 (2:5%)
308 (25-1%)

69 (5-6%)

658 (53:7%)

916 (74-7%)

(Table 1 continues on next page)

common reason for exclusion was antifungal treatment
duration exceeding 24 h. 140 patients declined consent for
participation. Ultimately, 1245 participants had evaluable
research blood samples and 1222 had results for standard-
of-care blood cultures (figure 1; appendix pp 32-33). In
total, the invasive Candida infection status of 1225 partic-
ipants was evaluable, among whom three had positive
cultures from a normally sterile body site despite the
absence of standard-of-care blood culture results. We cat-
egorised 54 participants as having proven invasive Candida
infection, 1171 as not having proven invasive Candida
infection, and 20 as having insufficient data for categor-
isation. None of the 39 children who participated had
proven infection.

Not all participants had interpretable results for every
index test (appendix p 38). We obtained fewer results for the
T2Candida test because the assay could not be completed
on several occasions despite substantial remedial effort.

The prevalence of proven invasive Candida infection
among 1225 evaluable participants was 4-4% (n=54). The
prevalence of documented candidaemia was 2-9% (n=36),
with C albicans being the most common species (35-9%),
followed by N glabratus (15-4%). The prevalence of proven
or probable infection was 10-2% (n=125) when the main
definition of probable infection was applied; this prevalence
ranged from 9-9% to 11-7% when alternative definitions
were used.

Participant characteristics at trial entry are summarised
in table 1. The median duration of the primary course of
antifungal treatment was 7 days (IQR 4-11). Subsequently,
25:2% (308 of 1224) of participants received further anti-
fungal treatment. Overall, the median treatment duration
was 9 days (IQR 5-15). At 28 days after enrolment, 942
(76-8%) of 1225 participants with evaluable Candida
infection status had survived (63-0% [34 of 54] in those with
proven Candida infection compared with 77-5% [908 of
1172] in those without); at 90 days, 863 (70-4%) of
1225 participants had survived.

Diagnostic accuracy metrics for each test, using proven
Candida infection as the reference standard, are summar-
ised in table 2. All the index tests had similar NPVs, ranging
between 96-6% and 97-2%. In contrast, sensitivity esti-
mates varied between 27-5% and 68-6% and specificity
ranged from 52-8% to 94-5%. For participants with candi-
daemia, NPV and sensitivity estimates were higher. Fun-
gitell BDG had the highest NPV of 98-8% and sensitivity of
78-8%; it also had the lowest specificity (appendix pp 36,
41-43). Of note, 11 (30-6%) of 36 participants with docu-
mented candidaemia had either no recorded species or a
species not detectable by DNA detection tests.

We evaluated performance of combinations of two index
tests to identify a pair that maximised both NPV and sen-
sitivity for proven Candida infection. For this analysis, we
combined pairs of tests and considered the combination
positive if either test was positive. The optimal pair of tests
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was Fungitell BDG and CandID DNA, with an NPV of
97-5% and a sensitivity of 75-0%. This combination was
also optimal for detecting candidaemia, with an NPV of
99-0% (97-6-99-7) and a sensitivity of 84-4% (67-2-94-7). In
a post-hoc analysis, we evaluated the performance of
Fungitell BDG and CandID DNA in combination with
standard-of-care blood cultures for detection of proven
Candida infection, to reflect clinical use. Collectively, these
three tests had an NPV of 98-6% and a sensitivity of 85-1%
(appendix pp 46—48).

The decision model estimated the effect of treating study
participants according to the combined biomarker and
blood culture diagnostic algorithm (figure 2). Among
1023 participants with results available for all three tests,
483 (47-2%) could have had treatment stopped early, which
we estimate would have occurred after 3—4 days of treat-
ment. The algorithm would have falsely categorised seven
participants as negative, who would subsequently have
been found to have proven invasive Candida infection
(based on other routinely collected clinical samples) and
would have required restarting treatment. This finding
represents 15-0% of participants with proven Candida
infection. A further 540 (52-8%) participants would have
continued treatment, among whom 500 would not have
had proven invasive Candida infection.

Using the main constructed reference standard for
probable invasive Candida infection, each individual index
test had an NPV between 90-8% (Fungiplex DNA) and
93-4% (T2Candida) for detecting proven or probable
infection. Sensitivity estimates ranged between 17-7%
(Fungiplex DNA) and 57-7% (Fungitell BDG), and specifi-
city estimates ranged from 53-2% (Fungitell BDG) to 95-0%
(Fungiplex DNA). For comparison, blood cultures had a
sensitivity of 28-8% for detecting proven or probable
infection, with an NPV of 92.5%.

Using an alternative constructed reference standard for
probable invasive Candida infection in which we adopted
Fungitell BDG testing as part of the reference standard,
each DNA detection test had a similar NPV for detecting
proven or probable infection; sensitivity estimates were
14-1% (Fungiplex), 18-4% (T2Candida), and 24-6% (Can-
dID), although 95% ClIs for these estimates overlapped. We
used an additional alternative constructed reference
standard, in which we adopted CandID DNA detection as
part of the constructed reference standard for probable
infection, to further estimate the performance of the Fun-
gitell BDG test. In that analysis, we estimated sensitivity of
Fungitell to be 59-7% and specificity to be 53-6% for
detecting proven or probable infection. Details are provided
in the appendix (p 39).

The prevalence of proven or probable Candida infection
ranged between 10-2% and 18-1%, depending on the dis-
ease definition used. Therefore, we estimate that
81-9-89-9% of participants might be receiving unnecessary
antifungal treatment in the course of current usual-care
practice in the UK.

www.thelancet.com/microbe Vol m m 2026

Proven infection
(n=54)

No proven
infection (n=1171)

All evaluable
patients (n=1225)

(Continued from previous page)

Otherwise unexplained
clinical finding consistent
with an infectious disease
process

19 (35-2%) 341 (29-1%)

Clinical findings specified

abdominal sepsis
Failure to show
improvement with
broad-spectrum
antibacterial treatment

Other

4/19 (21-1%)

2/19 (10-5%) 25/341 (7-3%)

Logistic Organ Dysfunction 2. SOFA=Sequential Organ Failure Assessment.

Fever 3/19 (15-8%) 72/341 (21-1%)
Leucocytosis 0 20/341 (5-9%)
Increasing inotrope 2/19 (10-5%) 16/341 (4-7%)
requirement

New or worsening 3/19 (15-8%) 49/341 (14-4%)
organ failure

Signs of intra- 5/19 (26-3%) 94/341 (27-6%)

65/341 (19-1%)

360 (29-4%)

75/360 (20-8%)
20/360 (5-6%)
18/360 (5-0%)

52/360 (14-4%)

99/360 (27:5%)

69/360 (19-2%)

27/360 (7-5%)

Data are n (%) or mean (SD), unless otherwise specified. Race or ethnicity data were not collected. APACHE 2=Acute
Physiology and Chronic Health Evaluation 2. GIT=gastrointestinal tract. ICU=intensive care unit. PELOD 2=Paediatric

Table 1: Baseline characteristics of participants at enrolment

Compared with the main analysis, subgroup analyses
revealed no important differences in any subgroup when
assessed using either NPV or sensitivity for proven infec-
tion as appropriate for each subgroup (appendix pp 44—45).
We could not evaluate the subgroup of children because
none had proven infection.

Discussion

This multicentre clinical diagnostic test accuracy study
provides evidence of the performance of four biomarker
tests for invasive Candida infection. The focus of this study
was to identify a diagnostic strategy appropriate for early
discontinuation of empirical antifungal treatment in
patients in ICUs by confidently excluding this serious,
although uncommon, infection. No single test had suffi-
ciently high sensitivity to justify its use for this purpose.
Although all the tests had high NPV, this result was influ-
enced more by low disease prevalence than by test per-
formance, although none reached the pre-specified level of
more than 99%.

Test combinations showed improved sensitivity butlower
specificity. The optimal pairing, which prioritised both
NPV and sensitivity, was Fungitell BDG and CandID DNA.
This pairing is rational because it targets different Candida
cell constituents. Maximising sensitivity inevitably com-
promises specificity; all combinations that include
BDG show low specificity since approximately half of the
evaluable participants had a positive BDG result.

Biomarker testing would presumably be an adjunct to
conventional culture in clinical practice; it is therefore
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PLR

NLR

PPV

Sensitivity Specificity

NPV

Evaluable participants
(proven infection

prevalence in each group)

5.0 (3-0-8-3)
1.5 (1-2-1-8)
47 (2:6-8-6)
2.7 (1-8-4-0)
1-4 (1-2-17)
44(2:577)
2:5 (1:7-3:6)
15 (1-0-2:1)
1.5 (1-2-1.7)
3.9 (2:4-6-4)

0-8 (0:7-0-9)
0-6 (0-4-0-9)
0-6 (0-4-0-9)
0-7 (0-6-0-9)
0-6 (0-4-0-9)
0-6 (0-4-0-9)

27-5% (15-9-41-7) 94-5% (93-0-95-8) 18:7% (10-6-29-3)

68-6% (54-1-80-9)

96-6% (95-3-97-6)

1161 (4-4%)
1114 (4-6%)

Fungiplex alone

6-5% (4-6-8-9)
18-6% (8-4-33-4)

52-8% (49-7-55-8)

97-2% (95-5-98-4)
97-1% (94-7-98-6)
96-7% (95-4-97-8)

Fungitell alone
T2Candida alone
CandID alone

90-5% (87-1-93-3)

44-4% (21-5-69-2)

388 (4:6%)
1091 (4-5%)
1085 (4-6%)

85-6% (83-3-87-7) 11-2% (6-9-17-0)

38-8% (25-2-53-8)

6-5% (4-6-8-9)
16-7% (7-5-30-2)

51:3% (48-2-54-4)

88-5% (84:7-917)

70-0% (55-4-82-1)
50-0% (24-7-75-3)
41-7% (27-6-56-8)
68-8% (41-3-89-0)

97:3% (95-5-98-5)

Fungiplex + Fungitell

97-5% (95:1-98-9)

364 (4-4%)
1063 (4-5%)

Fungiplex + T2Candida

(0-6-0-9)
0-6 (0-5-0-7)
05 (0-3-0-8)

0-7

10-5% (6-5-15-7)

83-2% (80-7-85-4)
53-3% (47-9-58-7)

96-8% (95-4-97-9)

Fungiplex + CandID

6-4% (3-2-11-2)

97-4% (93-9-99-1)

361 (4-4%)
1026 (4-7%)

Fungitell + T2Candida
Fungitell + CandID
T2Candida + CandID

75:0% (60-4-86-4) 48-7% (45-5-51-9) 6:7% (4:7-9-1)
15-5% (7:3-27-4)

60-0% (32:2-83-7)

97-5% (95:7-98-7)

(0-3-0-9)

0-5
positive likelihood ratio. PPV:

84-8% (80-4-88-5)

97-8% (95-4-99-2)

Data are % (95% Cl) for NPV, sensitivity, specificity, and PPV and estimates (95% Cl) for NLR and PLR. Cl

337 (4-5%)

positive predictive value.

=negative likelihood ratio. NPV=negative predictive value. PLR=

confidence interval. NLR

Table 2: Diagnostic accuracy of each index test and pairs of tests for proven infection

notable that adding blood cultures to the optimal bio-
marker pair enhanced diagnostic performance. The pre-
test probability of proven invasive Candida infection in
this study was 4-4%, which was reduced to a post-test
probability of 1-4% when the optimal pair of biomarkers
and blood cultures were both negative. If this diagnostic
combination had been used to stop empirical treatment,
15-0% of patients with proven infection would have had
antifungal treatment discontinued. However, since non-
protocolised culture testing detected proven infection,
these patients would likely have had treatment restarted
soon afterwards based on standard-of-care culture results.

We obtained T2Candida DNA results for relatively few
study participants owing to recurrent technical difficulties
with the assay. Despite repeated attempts to resolve these
difficulties, made in liaison with the manufacturer’s tech-
nical support team, the assay continued to produce
unsatisfactory results with the manufacturer’s control
specimens. In addition, a high proportion of research
samples produced invalid results. These issues developed
only after the assay had been established and running
successfully for an initial period. We observed no apparent
correlation between the observed technical problems and
any variable such as operator or duration of specimen
storage. We excluded T2Candida when selecting a pre-
ferred test or test combination. Notably, T2Candida is no
longer commercially available.

Several strategies for improving the stewardship of
antifungal treatment in the ICU have been tested, although
none of them have replaced the convention of empirical
treatment for patients with fever and risk factors for
Candida infection—a practice endorsed by the Infectious
Diseases Society of America."! The EMPIRICUS trial
showed that patients with sepsis in ICUs who had risk
factors for Candida infection did not have greater infection-
free survival after 28 days despite 2 weeks of empirical
antifungal treatment.* Two additional trials of antifungal
treatment strategies based on clinical risk assessment of
infection similarly did not show a patient benefit.*** A recent
Cochrane review concluded that moderate-quality evidence
shows that untargeted antifungal treatment in the ICU is
not associated with a substantial reduction in all-cause
mortality.”s

Previous attempts to improve the targeting of antifungal
drug prescribing in the ICU using clinical risk prediction
scores did not resolve the problem of overtreatment. These
scores are either too complex to apply or have insufficient
accuracy. With moderate specificity but low sensitivity, the
scores do not provide a safe basis for stopping empirical
treatment.'¢®

A biomarker-based algorithm offers the best opportunity
for improving antifungal stewardship in ICUs. Previous
smaller studies of BDG test accuracy indicate that BDG
generally has higher sensitivity than clinical risk scores and
provides high NPV in low-prevalence populations such as
patients with fever in ICUs."-2 Although we have reported
good performance for the Fungitell BDG test, it would be
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inappropriate to infer that all manufacturers’ BDG tests on
different platforms produce similar results.

Individual biomarkers show different diagnostic per-
formance across various clinical scenarios; this finding
supports the principle of using a combination of tests.”
Risk-stratified strategies incorporating molecular and
antigen-based tests for diagnosing invasive Candida infec-
tion offer the greatest potential for excluding disease when
multiple tests are negative.? However, no such strategy has
been rigorously evaluated in a sufficiently robust manner to
re-define the standard of care. Two small, single-centre,
randomised trials (approximately 100 participants)

‘ 1023 patients were tested with CandID, Fungitell, and blood culture

v

test positive

540 (52-8%) had one or more

v

v

v

negative

483 (47-2%) had all tests

v

v

40 (3-9%) had proven
Candida disease
and were true
positives

500 (48-9%) had not
proven Candida
disease and were
false positives

7 (0-7%) had proven
Candida disease and
were false negatives

476 (46-5%) had not
proven Candida
disease and were
true negatives

showed biomarkers enabled early cessation of empirical
antifungal treatment—in 54-0% of patients in one trial and
70-0% in the other—although neither trial had sufficient
power to assess safety and other clinical outcomes required
to change practice.>*

Previously reported diagnostic accuracy of biomarkers
shows variable performance between different tests and
different studies for the same tests. A meta-analysis of BDG
accuracy across diverse patient groups, fungal diseases, and
reference standards reported a sensitivity of 75-80%.”
A subsequent evaluation estimated this test would yield an
NPV of more than 90% in patients in ICUs, principally for
excluding invasive candidiasis.”® A 2011 meta-analysis of
Candida PCR tests for detecting candidaemia, which
formed the basis for our sample size calculation, reported a
sensitivity of 95% and specificity of 92%; however, sub-
stantial heterogeneity existed among included studies.”
The 2018 DIRECT?2 study reported a sensitivity of 89% for
the T2Candida test for candidaemia.*® A reference standard
based solely on candidaemia does not reflect non-candidaemic
invasive candidiasis encountered in the ICU.

Together, the evidence indicates that although the diag-
nostic performance of biomarkers is generally good, it
might vary across fungal disease definitions, patient
groups, and different testing platforms for a given analyte.
A recent systematic review documented this heterogeneity
between reported studies.” Our study provides new evi-
dence of biomarker performance in the ICU population.
The strengths of the study include design features intended
to minimise sources of bias: prospective design, blinding of
index test assessors, large sample size (both in terms of
number of sites and participants), and evaluation of mul-
tiple biomarkers. The eligibility criteria for enrolment
strengthen the applicability of the study to the clinical
decision problem we address.

Despite these strengths, the study has some limitations.
First, blood and serum specimens frozen for several
months before central laboratory testing might comprom-
ise the accuracy of biomarker test results. Serum samples
stored at —80°C are considered stable for BDG detection for
up to 4 years;*> however, the stability of DNA quality and
quantity in blood and serum over prolonged periods
remains uncertain.

Second, uncertainty exists regarding the definition of
invasive Candida infection in non-neutropenic ICU

Figure 2: Estimated effect of the optimal biomarker and blood culture testing algorithm for early cessation of
antifungal treatment

populations. Because no perfect reference standard for
Candida infection exists, definitions with varying levels
of stringency have been developed (ie, proven vs prob-
able). Probable infection definitions have lower specifi-
city and consequently might include patients without
candidiasis. This finding likely underestimates sensitiv-
ity, and hence NPV, of tests evaluated against these
definitions.

Third, two distinct international consensus definitions
were published during our recruitment period.'**** Con-
sequently, the disease definitions used in this study did not
completely align with either of these consensus definitions,
although they closely resembled both. Notably, in the most
recently published consensus, the expert panel specifically
recommended that PCR and fungal antigen-based tests
represent important areas for future research to inform the
development of future disease definitions in patients
without neutropenia in ICUs. The present study addresses
this research need.

Finally, our reference standard relied on blood cultures
collected during routine clinical care. Although all evalu-
able patients underwent blood culture testing, timing was
not standardised. Clinicians sent non-protocolised samples
for culture as they deemed appropriate, and proven
infection was identified in several instances based on these
non-protocolised culture results.

In conclusion, the optimal test combination identified in
this study, when used as an adjunct to standard-of-care
blood culture testing, could allow early cessation of
empirical antifungal treatment. Decision modelling
based on an algorithm comprising the three tests estimated
that approximately half of the patients receiving empirical
antifungal treatment could have treatment stopped early.
We acknowledge that this finding is an estimate since
the present study was not an interventional study.
A diagnostic algorithm enabling treatment cessation in a
larger proportion of patients would require sacrificing
sensitivity for greater specificity, which clinicians might be
less willing to accept. Randomised trials should address
remaining uncertainties regarding the clinical effectiveness
and cost-effectiveness of implementing this diagnostic
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test-based strategy for antifungal stewardship in clinical
practice.
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