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Improving microbiology 
diagnostic methods is 
also a means of AFS!!

AFS: antifungal stewardship.
Rolle Munoz P, et al. Mycoses 2015 Jun;58 Suppl 2:14-25.



New diagnostics are needed to complement cultures, in 
particular to identify the “missing 50%” of patients who 
are blood culture-negative.



From: Posteraro et al., Expert Rev. Proteomics, 2013





Based on all of the currently available data, the recommended
volume of blood to obtain from adults per culture is 20 to 30 ml



Although the traditional recommendation in routine circumstances has been 

two or three blood cultures of at least 20 ml, this report may establish four 

blood cultures (80-ml total volume) as the optimum, although this volume of 

blood may lead to nosocomial anemia and may not be safe to remove from 

some severely ill and septic patients.







For each BSI episode, the 

median TTI (which includes 

TTP) obtained using the direct 

method (MALDI BioTyper

system and/or FilmArray BCID 

panel) was 19.5 hours (IQR 

14.3–26.5), which contrasted 

with 41.7 hours (IQR 35.5–

53.0) of TTI obtained using 

the reference culture-based 

method (p <0.001).



The GRES (Gestione Rapida Emocolture Sepsi) study

Total
N=743

Study period 1
N=197

Study period 2
N=233

Study period 3
N=313

P-value

Mean time to start antibiotic therapy 
(SD), days 

0.70 (1.4) 0.92 (1.7) 0.71 (1.4) 0.55 (1.1) 0.01

Percentage of effective therapy at the 
start of antibiotic therapy (SD)

92.6 (18.2) 93.9 (19.0) 91.4 (21.1) 92.6 (15.2) 0.37

Percentage of optimal therapy at the 
start of antibiotic therapy (SD)

62.2 (38.9) 59.0 (42.0) 51.9 (43.0) 71.9 (30.6) <0.001

Mean duration of antibiotic therapy 
(SD), days

19.3 (13.3) 21.9 (15.4) 19.3 (13.3) 17.7 (11.5) 0.002

Mean length of hospital stay (SD), 
days 

26.5 (24.5) 29.7 (29.3) 26.8 (24.7) 24.2 (20.7) 0.04

Died at 30 days, n (%) 118 (15.9) 31 (15.7) 39 (16.7) 48 (15.3) 0.90

Study Period 1: the ID physician was called by a ward physician when patients had 
positive blood cultures. 
Study Period 2: the ID physician were called directly by the microbiologist 
immediately after a pathogen was isolated from blood culture. 
Study Period 3: the ID physician was called by the microbiologist immediately after 
a pathogen was identified from the blood culture, and all cases were re-evaluated 
at bedside 72 h after starting antibiotic therapy in order to optimize therapy

Murri et al., Diag. Microbiol. Infect. Dis., 2018



b-1,3-D-Glucan testing – 4 kits

Obayashi Clin Infect Dis 2008:46:1864





75% 87%

Low PPV
High NPV

The findings of this meta-analysis suggest that the BG assay is a useful 
screening tool with high sensitivity and specificity for discriminating between 

patients with and without IFDs. 
In clinical practice, BG assay results should be evaluated together with 

clinical and microbiological findings.



Galactomannan Beta-D-glucan

Reactivity with fungal 
species

Aspergillus spp., Fusarium spp., 
Paecilomyces spp., Acremonium spp., 
Penicillium spp., Alternaria spp., 
Histoplasma capsulatum, Blastomyces
dermatitidis, Cryptococcus neoformans, 
Emmonsia spp., Wangiella dermatitidis, 
Prototheca, Myceliophthora, Geotrichum 
capitatum, Chaetomium globosum

Pneumocystis jirovecii, Aspergillus spp., 
Fusarium spp., Histoplasma capsulatum, 
Candida spp., Acremonium spp., 
Trichosporon sp., Sporothrix schenkii, 
Saccharomyces cerevisiae, Coccidioides
immitis, Prototheca

False-positive test 
results

• Semi-synthetic beta-lactam
antibioticsa

• Multiple myeloma
• Blood products collected using 

Fresenius Kabi bags
• Gluconate-containing plasma 

expanders (e.g., Plasmalyte)
• Flavored ice pops/frozen dessert 

containing sodium gluconate
• Bifidobacterium spp. (gut)
• Severe mucositis or gastrointestinal  

graft-versus-host disease
• Enteral nutritional supplements

• Semi-synthetic beta-lactam antibiotics
• Human blood products, including 

immunoglobulins, albumin, plasma, 
coagulation factor infusions, filtered 
through cellulose membranes

• Cellulose hemodialysis/hemofiltration 
membranes

• Exposure to (surgical) gauze
• Bacterial bloodstream infections (e.g., 

Pseudomonas aeruginosa)

False-negative test 
results

• Concomitant use of mold-active 
antifungal agents

• Mucolytic agents (bronchoalveolar 
lavage) such as Sputasol or SL 
solution

Concomitant use of antifungal agents

Limitations of antigen assays in the diagnosis of invasive fungal disease

aIncluding ampicillin, amoxicillin/clavulanate, and piperacillin/tazobactam.







• Objectives:

– To determine the effects of a strategy that uses (1,3)-β-D-glucan (BDG) results for antifungal 
treatment of ICU patients at high risk of invasive candidiasis.

• Methods:

– Patients were included in the analysis if they exhibited sepsis at the time of BDG testing, and they 
met Candida-score components (i.e., severe sepsis, total parenteral nutrition, surgery, or multifocal 
Candida colonization) to reach a ≥3 value.

• Results:

– 198 patients were studied

– Of 63 BDG-positive patients, 47 with candidemia and 16 with probable Candida infection, all 
received antifungal therapy

– Of 135 BDG-negative patients, 110 (55.5%) did not receive antifungal therapy, whereas 25 (12.6%) 
were initially treated. In 14 of these 25 patients antifungals were discontinued as negative BDG 
results were notified. Candidemia was subsequently diagnosed only in one patient who did not 
receive prior antifungal therapy

– The median antifungal therapy duration in candidemic patients differed from that in non-
candidemic patients (14 days [IQR, 6–18 d] vs 4 days [IQR, 3–7 d]; p <0.001)

– Thus, unnecessary antifungal therapy was avoided in ~73% of potentially treatable patients and it 
was shortened in another ~20%



• Positive predictive value (PPV) and negative

predictive value (NPV) for candidaemia of (1,3)-β-

D-glucan (BDG) and procalcitonin (PCT)

considered both separately and in combination

(BDG+PCT)

• The reported PPV for candidaemia (also readable

as NPV for bacteraemia) was obtained when both

markers were concordant in indicating

candidaemia (BDG ≥80 pg/ml and PCT <2 ng/ml),

while the reported NPV for candidaemia

(also readable as PPV for bacteraemia) was

obtained when both markers when concordant in

indicating bacteraemia (BDG <80 pg/ml and PCT

≥2 ng/ml)

Giacobbe DR, et al. Crit Care 2017;21(1):176.



• Prospective, randomised, controlled 

single-center unblinded study, 

performed in a mixed ICU 

• 110 patients were randomly assigned 

to a strategy in which empirical 

antifungal treatment duration was 

determined by (1,3)-β-d-glucan, 

mannan, and anti-mannan serum 

assays, performed on day 0 and day 

4; or to a routine care strategy, based 

on international guidelines, which 

recommend 14 days of treatment

Rouze A, et al. Intensive Care Med 2017 doi: 10.1007/s00134-017-4932-8. [Epub ahead of print].

Biomarker strategy for early detection 
of empirical 

antifungal therapy



Rouze A, et al. Intensive Care Med 2017 doi: 10.1007/s00134-017-4932-8. [Epub ahead of print].

Biomarker strategy for early detection 
of empirical antifungal therapy

The primary endpoint of this study was the percentage of patients receiving early 

discontinuation of empirical antifungal treatment, defined as a discontinuation, for reasons 

other than death, strictly before day 7 after empirical antifungal treatment initiation.

Biomarker strategy (n=54) Routine care (n=55) P

Primary outcome

Early discontinuation of empirical 
antifungal treatment

29 (54) 1 (2) <0.0001

Secondary outcomes

Total duration of antifungal treatment 6 (4, 13) 13 (12, 14) <0.0001

No significant difference was found in the percentage of patients with subsequent proven 

invasive Candida infection, mechanical ventilation-free days, length of ICU stay, cost, and 

ICU mortality between the two study groups.







T2Candida Panel powered by T2 Magnetic 
Resonance (T2MR)

T2MR combines proven magnetic resonance with innovative
nanotechnology to accurately identify Candida pathogens in whole blood
faster and easier than blood culture-based diagnostics.
T2Candida is cleared by the US FDA and EMA for the diagnosis of
candidemia.

Pfaller et al., Future Microbiol 2016



• T2Candida was devised to not amplify freely circulating, non-cell-associated DNA. 

Using primers for ribosomal DNA intervening transcribed spacer region 2, results 

are reported as positive or negative for C. albicans/C. tropicalis, C. glabrata/C. 

krusei, and C. parapsilosis

• >1500 control patients with Candida-negative blood cultures
• 6 patients with Candida-positive blood cultures 

• 250 contrived blood samples spiked with C. albicans/C. tropicalis, C. glabrata/C. krusei, and C. 

parapsilosis

• T2Candida identified 98.1% of patients as noncandidemic, with a mean time to 

negative result of 4.2 ± 0.9 hours. The overall sensitivity per patient (excluding 

invalid results) was found to be 91.1%, with a mean time to positive result of 4.4 

± 1.0 hours

• The limit of detection was 1–3 cfu/mL (1 cfu/mL for C. tropicalis and C. krusei, 2 

cfu/mL for C. albicans and C. glabrata, and 3 cfu/mL for C. parapsilosis)



• “Assuming sensitivity of 90% and specificity of 98%, anticipated positive
and negative predictive values (PPVs/NPVs) of T2Candida can be
calculated”

• Thus, “T2Candida performance characteristics enable clinicians to assign
clinical settings in which T2Candida is most likely to be useful in guiding
antifungal treatment decisions”. Indeed, “PPVs may exceed a threshold
that justifies antifungal treatment, while corresponding NPVs render
active candidemia extremely unlikely”.



What are the limitations of T2Candida?

• Yielding no organisms that can be subsequently tested for 
species identification and antifungal susceptibility (“the system 
does detect three Candida groups based on their typical 
antifungal susceptibility patterns”)

• Only detecting the 5 most common Candida species (“these 
target species account for >95% of cases of candidemia”… but 
“additional Candida species, such as the multidrug-resistant C. 
auris, are not identified by T2Candida”)

• “Therefore, T2Candida must serve as a supplement to existing 
blood culture systems” (Hawley HB, Clin Infect Dis, 2018). 
However, the limit of detection for the T2Candida panel is as low 
as 1 cfu/mL of whole blood, which is superior to that reported 
for PCR assays. 



A study conducted at Lee Health in Florida found:
 The T2Candida Panel enables patients to receive targeted therapy 28 

hours faster: Patients suspected of a Candida infection who had a positive 
T2Candida rapid diagnostic test result received targeted therapy nearly 6 
times faster (i.e., only 6 hours compared to conventional practices that 
took 34 hours; P = .0147).

 Improved stewardship and pharmacy savings: Due to the more targeted 
use of antifungal drugs, the average duration of antifungal therapy with 
T2Candida testing was reduced by 4 days and therapy was discontinued 
after a single dose or avoided altogether in 58.4% (101/173) of patients, 
with no adverse impact on patient mortality. The authors estimate savings 
in antifungal costs after T2Candida testing was introduced at an average of 
$280 per patient tested.



Again, two studies from Gregorio Marañón Hospital in Madrid, Spain 
(T2MadRid study group) reported findings about the ability of the T2Candida 
Panel to predict patient outcomes:
 Strong indicator of complications: Positive T2Candida Panel results 

identified patients who had an over 30x increased likelihood of 
developing health complications, including mortality.

 Strong indicator of poor outcomes: The T2Candida Panel is a better 
predictor of patients at risk of having poor outcomes than existing 
diagnostic tests. A negative T2Candida Panel result may significantly 
shorten the duration of antifungal therapy for 67% of patients.

 Improved distinction between complicated and uncomplicated 
infection: The T2Candida Panel distinguishes between complicated and 
uncomplicated infection better than available diagnostic tests.



• Finally, a multicenter prospective clinical trial, designated the STAMP trial, 

showed that:
 Thirteen of 31 patients (41.9%) who completed the trial had at least 1 positive surveillance 

T2MR and/or a blood culture result, and only 7/23 (30.4%) T2MR results had an accompanying 

positive blood culture.

 Based on the log rank test, the authors found a statistically significant improvement in 

posttreatment surveillance using the T2MR assay compared to blood culture (P = .004), with 

18.2% of patients (2/11) remaining candidemic by the end of the first surveillance week based 

on the T2MR assay compared to none based on the blood cultures.

• In conclusion, T2MR assay outperformed blood cultures in monitoring the 

clearance of Candida spp. in candidemic patients receiving antifungal therapy. 

This could be at least partially explained by the fact that T2MR results are not 

suppressed by antifungal agents.



Improving microbiology diagnostic 
methods is also a means of AFS!!


