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Background. Non-culture-based fungal assays (NCBFAs) have been used increasingly to help diagnose invasive fungal diseases. 
However, little is known about inappropriate use of NCBFAs. We aimed to investigate inappropriate use of NCBFAs in a tertiary 
academic hospital.

Methods. This retrospective cohort study included patients who underwent testing with beta-D glucan (BDG) between January 
and March 2018 or with galactomannan antigen (GMA) or cryptococcal antigen (CRAG) between January and June 2018. Testing 
was deemed appropriate if the clinical presentation was compatible with a fungal infection and there was a predisposing host factor 
at the time of ordering. We compared patients with appropriate and inappropriate use of NCBFAs using multivariate logistic regres-
sion analysis.

Results. Four hundred seventy patients (BDG, 394; GMA, 138; CRAG, 164) met inclusion criteria and were evaluated. About 
80% of NCBFAs were deemed inappropriate. Ordering by transplant medicine physicians, repetitions of the test, the absence of 
predisposing factors for fungal infections, and the absence of recommendations from infectious diseases consultants were associated 
with an increased risk of inappropriate NCBFA use.

Conclusions. We found that a large proportion of NCBFAs were deemed inappropriate. There is an opportunity for diagnostic 
stewardship to reduce avoidable fungal testing among patients at low risk for fungal infection.

Keywords. beta-D glucan; galactomannan antigen; cryptococcal antigen; diagnostic stewardship.

Invasive fungal diseases (IFDs) are clinically significant prob-
lems associated with high morbidity and mortality, particularly 
among immunocompromised patients [1]. Histopathologic and 
culture-based methods are the gold standard for diagnosing 
IFDs, but physicians often are faced with low-sensitivity 
methods, which may compromise the timely and accurate 
diagnosis of fungal infections [2, 3]. In view of this, non-
culture-based fungal assays (NCBFAs) have been developed to 
help early diagnosis of IFDs. Among NCBFAs, beta-D glucan 
(BDG), galactomannan antigen (GMA), and cryptococcal an-
tigen (CRAG) have been widely used to diagnose Pneumocystis 
pneumonia, candidiasis, aspergillosis, or cryptococcosis. They 

have also been shown to reduce inappropriate fungal treatment 
when negative results lower the possibility of IFDs [4].

While NBFAs are helpful, they have to be performed for 
those who benefit from them. Any diagnostic tests, especially 
if used in a low–pretest probability setting, could yield false 
positives or results of unknown clinical significance, leading 
to unwanted cascades (additional unnecessary tests or treat-
ments and physical, psychological, and financial burden on 
patients) [5]. The significance of the inappropriate use of diag-
nostic methods has been increasingly recognized in the field 
of infectious diseases, such as Clostridioides difficile infections 
and urinary tract infections [6–11]. With respect to fungal 
testing, the lack of specificity of NCBFAs may drive unnec-
essary antifungal use despite their promising role in the di-
agnosis of IFDs [12]. For example, Fabre et al. reported an 
experience from an academic hospital in the United States 
where about half of the BDG orders were deemed inappro-
priate [13]. Besides, Szyszkowitz et al. reported the limited 
value of positive BDG tests during and after laparoscopic and 
open intestinal surgery [14]. However, data on the appropri-
ateness of NCBFA use are still very limited.

Here we assess the clinical context and indications of 
NCBFAs to identify opportunities to improve practices and 
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guide stewardship efforts at a tertiary academic hospital in 
Tokyo, Japan, serving large immunocompromised patient 
groups.

METHODS

Setting

The University of Tokyo Hospital is a large, single-site, tertiary 
teaching hospital with residents, fellows, and other trainees, lo-
cated in the East of Japan with about 1200 beds, 360 000 in-
patient admissions, and 700  000 total visits per annum. The 
hospital offers several specialist services, including solid organ 
transplantation (heart, lung, liver, and renal transplants), hema-
topoietic stem cell transplantation, neurosurgery, and pediatric 
surgery. The hospital does not have institutional guidelines or 
clinical pathways defining the indication of NCBFAs. The 
training physicians can place orders for testing without at-
tending physicians’ instructions.

Study Design and Patients

We conducted a retrospective cohort study of patients who un-
derwent NCBFAs, including BDG, GMA, and CRAG tests, to 
clarify the frequency of inappropriate NCBFA orders and the 
factors predisposing inappropriate NCBFA orders. Approval 
from the institutional review board was obtained at the 
University of Tokyo Hospital (#11847). Because no care inter-
ventions were required, the requirement for signed patient con-
sent was waived.

Patients who underwent either BDG, GMA, or CRAG 
tests during their hospital stay were included in this study. 
BDG, GMA, or CRAG can be ordered by any treating phy-
sician without oversight by the hospital stewardship team or 
infectious diseases consultants. Outpatients were excluded 
because clinical information such as vital signs, symptoms, 
and clinical course between hospital visits was poorly docu-
mented. Patients who had undergone hematopoietic stem cell 
transplant or solid organ transplant were also excluded be-
cause many of them received immunosuppressants, were at a 
high risk of fungal infections, and underwent protocol-driven 
serial surveillance with the combination of BDG, GMA, and 
CRAG. Of note, physicians (ie, liver surgeons) caring for 
transplant recipients often also cared for nontransplant pa-
tients (ie, patients with biliary tract malignancy) as well. 
Therefore, some tests included in this study were ordered by 
those physicians. To balance the number of tests analyzed, 
BDG tests for 3 months (January–March 2018) and GMA 
and CRAG tests for 6 months (January–June 2018) were 
examined because BDG tests were performed in-house with 
shorter turnaround times and were ordered much more often 
than the other 2. When a patient underwent the same NCBFA 
repeatedly, we only evaluated the clinical context and indica-
tions of the first.

Outcomes

The primary outcomes were the frequency of inappropriate 
NCBFA orders among all NCBFA orders and the factors asso-
ciated with inappropriate NCBFA orders. The number of the 
NCBFA order clusters (simultaneous order of BDG, GMA, and 
CRAG) and repetitions (repeated order of the same NCBFA) 
between January and June 2018 were also evaluated. The med-
ical costs of inappropriate NCBFAs and subsequent tests were 
calculated in accordance with a fee-for-service system set by the 
Ministry of Health, Labor, and Welfare in Japan. The currency 
exchange rate used was US$1 to ¥100.

Definitions

Testing was deemed appropriate if there was a newly developed 
symptom or finding documented in medical records at the time 
of testing such as fever, dyspnea, newly identified pulmonary 
nodule, headache, or altered mental status (clinical criteria) 
AND there was a predisposing host factor (Figure 1) at the 
time of NCBFA ordering, according to Fabre et al. [13] Positive 
NCBFA results are defined as BDG >11 pg/mL (Wako, Tokyo, 
Japan), GMA index >0.5 (Bio-Rad Laboratories, Tokyo, Japan), 
and CRAG positive (Eiken, Tokyo, Japan) according to the in-
structions of each manufacturer.

Variables

Patient medical records were manually reviewed to obtain the 
following variables: date of the tests, repetitions of the test in 
the same patient during the study period, simultaneous orders 
of other NCBFAs, presence of recommendations from infec-
tious diseases (ID) consultants, patient age and sex, specialty 
of ordering physicians, stay in the intensive care unit, medical 
history (inherited severe immunodeficiency, asplenia, chronic 
obstructive pulmonary disease, sinus infection, chronic kidney 
disease on dialysis, chronic hepatitis C virus infection, cirrhosis, 
rheumatic condition, diabetes mellitus with hemoglobin A1c 
>7.0%, active solid organ tumor, and active hematologic malig-
nancy), CD4-positive T-lymphocyte counts, neutrophil counts, 
receipt of immunosuppressant medications (glucocorticoids, 
biological agents, cyclosporine, tacrolimus, mycophenolate 
mofetil, and azathioprine), chemotherapy, and total parental 
nutrition, Candida colonization, documented bacteremia, and 
previous abdominal surgery. Specialty of ordering physicians 
was classified according to whether they engage in transplant 
medicine (transplant surgery, hematology, and pediatric hema-
tology). Additional testing and treatment as a consequence of 
inappropriate NCBFAs were also reviewed.

Statistical Analysis

Comparison between patients with appropriate NCBFAs and 
those with inappropriate NCBFAs was performed using the 
Fisher exact test for categorical variables and Mann-Whitney 
U test for continuous variables. We developed a multivariate 
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logistic regression model, using the Akaike information crite-
rion, to identify factors associated with appropriate NCBFAs. 
All variables were assessed for co-linearity, and interaction 
terms were tested. Results were presented as odds ratios and 
95% CIs. P values <.05 were considered statistically significant. 
All statistical analyses were performed with EZR statistical soft-
ware, version 1.41 [15].

RESULTS

A total of 1159 patients underwent either serum BDG, GMA, 
or CRAG testing during the study period. After excluding 57 
post-transplant inpatients and 632 outpatients, 470 patients 
(394 BDG tests, 138 GMA tests, and 164 CRAG tests) were in-
cluded (Figure 2). The demographics of the study population 
are summarized in Table 1. Four hundred thirty-eight patients 
(93.2%) were aged 18 or older, and 241 patients (51.3%) were 
male. About two-thirds of included patients had either rheu-
matic diseases, solid tumors, or hematologic malignancies, 
and about half received immunosuppressants including glu-
cocorticoid or chemotherapies. Notably, only 2 patients had 
microbiologically confirmed IFDs, both of which were proven 
candidemia. BDG tests for these patients were negative and 
deemed inappropriate by our definition as these patients had 
only 1 risk factor for invasive candidiasis (previous abdominal 

surgery). In addition, 2 patients had probable invasive aspergil-
losis. BDG and GMA tests for these patients were positive and 
deemed appropriate. No patients had known Aspergillus colo-
nization before NCBFAs. No NCBFAs were ordered to monitor 
response to treatment.

In total, about 80% of NCBFAs (BDG, 334 patients [74.8%]; 
GMA, 117 patients [74.8%]; CRAG, 146 patients [89.0%]) were 
deemed inappropriate. The result of the univariate analysis is 
shown in Table 2. BDG testing without predisposing factors 
for Pneumocystis pneumonia, candidiasis, and aspergillosis 
accounted for 65.9% of the inappropriate BDG testing. GMA 
and CRAG testing without a predisposing factor for aspergil-
losis and cryptococcosis infection accounted for 66.7% of the 
inappropriate GMA testing and 74.0% of the inappropriate 
CRAG testing, respectively. As for clinician factors, ordering 
by transplant medicine physicians was associated with inap-
propriate BDG orders, and the absence of recommendations 
from ID consultants was associated with inappropriate GMA 
and CRAG orders. Table 3 shows the results of multivariate 
logistic regression analysis for factors associated with appro-
priate NCBFAs. Ordering by transplant medicine physicians, 
repetitions of the test, the absence of predisposing factors for 
fungal infections, and the absence of recommendations from 
ID consultants were associated with an increased risk of inap-
propriate NCBFA use.

Newly developed pulmonary 
lesion 
Dyspnea 

Examples: fever, hypotension, tachypnea, altered mental status 

Newly developed pulmonary 
lesion 
Dyspnea 

Yes 

Newly developed pulmonary 
lesion 
Dyspnea 
Headache 

There was a predisposing risk factor for a fungal infection. 

The clinical presentation was compatible with a fungal infection.

Pneumocystis Candida Aspergillus Cryptococcus

High-dose glucocorticoid use 
Immunosuppressant use 
within 90 days 
Temozolomide use 
CD4+ cells <200/µL 
Congenital immunodeficiency 

Neutropenia 
Immunosuppressant use 
within 90 days 
Congenital immunodeficiency 
Total parental nutrition 
Central venous cathetersa 
Critical illness and intensive 
care unit stay >7 daysa  
Abdominal surgerya  
Broad-spectrum antibioticsa  
Candida colonizationa  
Cirrhosisa  

Neutropenia 
High dose glucocorticoid use 
Immunosuppressant use 
within 90 days 
Congenital immunodeficiency 
Uncontrolled diabetes for 
sinus infections 
Severe chronic obstructive 
lung disease 

Yes 

Appropriate 

High dose glucocorticoid use 
Immunosuppressant use 
within 90 days 
Congenital immunodeficiency 

Inappropriate 

Inappropriate 

No 

No 

Figure 1. The criteria for determining appropriate and inappropriate testing. aMore than 1 category was needed for the patient to be considered at risk for invasive 
candidiasis.
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Seventy-nine patients (16.8%) underwent 3 inappropriate 
NCBFAs simultaneously. The proportion of inappropriate 
testing was high whether there were single or simultaneous 
orderings. Furthermore, among 597 inappropriate NCBFA or-
ders, 249 (41.7%) were followed by repeated tests (998 in total) 
during the study period. For inappropriate NCBFA orders (177 
[29.6%]), tests were repeated ≥3 times. In total, 643 BDG, 163 
GMA, and 192 CRAG tests, whether appropriate or not, were 
performed during the study period after the initial tests were 
deemed inappropriate (Figure 3). The medical cost of 1 BDG, 
1 GMA, and 1 CRAG test in Japan is $14.4, $16.4, and $17.9, 
respectively. Thus, the estimated annual excess costs of repeated 
NCBFAs during the study period in patients with inappropriate 
NCBFAs were calculated as $18 518 for BDG, $10 682 for GMA, 
and $13 748 for CRAG. Furthermore, 10 patients (BDG, 7 pa-
tients; GMA, 2 patients; CRAG, 1 patient) had positive results 
that were considered false positive. Among those, 1 patient un-
derwent additional sinus computed tomography, and none re-
ceived antifungal treatment in response.

DISCUSSION

In this study, we found that ~80% of the NCBFAs for hospi-
talized patients may not have been indicated and were there-
fore avoidable. The specialty of the physician who ordered the 
test, the risk factors for each IFD, and recommendation from an 
ID consultant were associated with increased appropriateness 
of NCBFA orders. A large proportion of patients who under-
went inappropriate NCBFAs also underwent simultaneous and 
repeated NCBFAs.

In contrast to tests for C. difficile or urine culture, much less 
attention has been paid to NCBFAs. The study by Fabre and col-
leagues was the very first study on this topic and found that ap-
proximately half of BDGs were ordered inappropriately; the rate 
was higher in our study [13]. This difference might be explained 
by excessive surveillance testing for asymptomatic patients. 
Despite the difference, the high proportion of inappropriate 
BDG ordering is eye opening and calls for a better strategy to 
optimize BDG use. Our study extends the work by Fabre and 
colleagues by examining other NFBCAs (GMA and CRAG) and 
dissecting factors related to detailed patient background and or-
dering physicians.

In our study, physicians who care for transplant recipients 
were more likely than others to order NCBFAs inappropriately. 
We hypothesized that transplant physicians may have a prac-
tice habit of screening for fungal infections among transplant 
patients that they extend to nontransplant patients as a possible 
explanation for why they were more likely to order avoidable 
tests in these lower-risk patients. Inappropriate test ordering 
by specific clinical services has been reported previously; for 
example, a single-center retrospective study from Vanderbilt 
University Medical Center showed that duplicate type and 
screen tests for nontransplant patients were more common 
among adult services than pediatric services [16]. Additionally, 
several departments, especially where they care for transplant 
recipients, used NCBFAs in the routine order sets on admis-
sion or when working up for fever or increased inflammatory 
markers. However, we were unable to investigate what pro-
portion of orders was part of order sets because our electronic 
medical record did not allow us to retrospectively determine it. 

Beta-D glucan Galactomannan antigen Cryptococcal antigen 

2465 tests for 1009 patients 
between January and March 2018 

805 tests for 273 patients 
between January and June 2018 

853 tests for 310 patients 
between January and June 2018 

1456 tests were excluded 
due to duplication 

532 tests were excluded 
due to duplication 

543 tests were excluded 
due to duplication 

1009 tests 273 tests 310 tests 

551 tests for outpatients 88 tests for outpatients 100 tests for outpatients 

64 tests for transplant 
patients 

47 tests for transplant 
patients 

46 tests for transplant 
patients 

394 tests 138 tests 164 tests 

Figure 2. Selection of study subjects.
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Nonetheless, we speculate that its proportion would be close to 
that of simultaneous ordering of NCBFAs (16.8% in this study).

We found that inappropriate NCBFA ordering was common 
among non-ID physicians, especially when patients did not re-
ceive immunosuppressants and when they did not have signs 
and symptoms consistent with infectious diseases. In addition, 
we found that, as expected, recommendations from ID consult-
ants were associated with appropriate use of NCBFAs. Multiple 
studies have shown that management led by ID consultants im-
proves various outcomes in Staphylococcus aureus bacteremia 
[17, 18] and candidemia [19, 20], as well as antimicrobial stew-
ardship [21]. Our findings add the promotion of appropriate di-
agnostic testing to the existing list of areas where the input of ID 
consultants can make an importance difference.

A large proportion of patients in this study underwent sev-
eral NCBFAs simultaneously and repeated NCBFAs. Certainly, 
there are clinical situations where simultaneous ordering of 

multiple NCBFAs is appropriate and indeed required. BDG and 
GMA might be ordered for suspected aspergillosis. Ordering 
BDG, GMA, and CRAG at the same time may be needed if an 
immunocompromised patient presents with nonspecific lung 
infiltrates. However, if a patient with recent abdominal surgery 
develops fever on broad-spectrum antibiotics while receiving 
total parenteral nutrition through a central venous cath-
eter, GMA and CRAG tests are likely inappropriate [22–25]. 
Furthermore, although we were unable to confirm that all of the 
repeated NCBFAs were inappropriate, inappropriate NCBFAs 
were often followed by many repeated NCBFA orders, which 
were very likely inappropriate as well. This may reflect a knee-
jerk use of NCBFA orders, in which NCBFAs were ordered reg-
ularly regardless of the patient’s condition. Indeed, we observed 
that several departments included NCBFAs in routine order 
sets on admission or workup for fever or increased inflamma-
tory markers.

Table 1. Clinical Characteristics of the Study Patients

 BDG (n = 394) GMA (n = 138) CRAG (n = 164) 

Median age (IQR), y 64 (44–74) 51 (34–68) 52.5 (31–69)

Male 204 (51.8) 65 (47.1) 79 (48.2)

Malignancy 142 (36.0) 33 (23.9) 41 (12.8)

 Solid malignancy 49 (12.4) 17 (12.3) 21 (12.8)

 Hematologic malignancy 93 (23.6) 16 (11.6) 20 (12.2)

Congenital immunodeficiency 0 (0.0) 2 (1.4) 3 (1.8)

Chronic obstructive pulmonary disease 14 (3.6) 5 (3.6) 5 (3.0)

Sinusitis 49 (12.4) 17 (12.3) 21 (12.8)

Dialysis 18 (4.6) 4 (2.9) 6 (3.7)

Chronic HCV infection 4 (1.0) 2 (1.4) 2 (1.2)

Cirrhosis 23 (5.8) 28 (20.3) 29 (17.7)

Rheumatoid disease 96 (24.4) 46 (33.3) 54 (32.9)

Prior abdominal surgery 63 (16.0) 26 (18.8) 33 (20.1)

Asplenia 2 (0.5) 0 (0.0) 1 (0.6)

Neutropenia 20 (5.1) 9 (6.5) 10 (6.1)

HIV infection or AIDS 0 (0.0) 0 (0.0) 0 (0.0)

Diabetes mellitus with hemoglobin A1c >7.0% 30 (7.6) 6 (4.3) 10 (6.1)

Chemotherapy 96 (24.4) 26 (18.8) 29 (17.7)

High dose glucocorticoid 39 (9.9) 27 (19.6) 30 (18.3)

Immunosuppressant within 90 days 70 (17.8) 26 (18.8) 30 (18.3)

Total parenteral nutrition 32 (8.1) 6 (4.3) 8 (4.9)

Antibiotics use 205 (52.0) 72 (52.2) 86 (52.4)

 Beta-lactams 98 (24.9) 40 (29.0) 47 (28.7)

 Beta-lactams plus MNZ or CLDM 3 (0.8) 4 (2.9) 4 (2.4)

 Vancomycin or teicoplanin 20 (5.1) 5 (3.6) 6 (3.7)

 Trimethoprim-sulfamethoxazole 94 (23.9) 38 (27.5) 43 (26.2)

Candida from sputum 18 (4.6) 5 (3.6) 7 (4.3)

Candida from urine 2 (0.5) 3 (2.2) 3 (1.8)

Proven invasive fungal infection 1 (0.3) 1 (0.7) 1 (0.6)

 Candidemia 1 (0.3) 1 (0.7) 1 (0.6)

 Invasive pulmonary aspergillosis 0 (0.0) 0 (0.0) 0 (0.0)

 Mucormycosis 0 (0.0) 0 (0.0) 0 (0.0)

 Cryptococcosis 0 (0.0) 0 (0.0) 0 (0.0)

 Pneumocystis pneumonia 0 (0.0) 0 (0.0) 0 (0.0)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: BDG, beta-D glucan; CLDM, clindamycin; CRAG, cryptococcal antigen; GMA, galactomannan antigen; HCV, hepatitis C virus; IQR, interquartile range; MNZ, metronidazole.
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Our study included predisposing factors for each IFD in the 
univariate and multivariate analyses. As these predisposing 
factors were included in the criteria for NCBFA appropriate-
ness, it seems natural that these predisposing factors were as-
sociated with appropriate NCBFA orders. However, some of 
the predisposing factors for IFDs, such as abdominal surgery, 
Candida colonization, and uncontrolled diabetes, were not as-
sociated with appropriate NCBFA orders. This suggests that 
some of these factors may not be recognized as predisposing 
factors for IFDs by non-ID physicians.

Inappropriate ordering and frequent simultaneous and re-
peated ordering of NCBFAs may reflect non-ID physicians’ 

lack of knowledge on fungal infections and the differences 
among them. This problem is not unique to fungal diagnos-
tics. It has been reported that general practitioners who are un-
familiar with HIV infection tend to order inappropriate tests 
[26]. A single-center retrospective study from the University of 
Washington showed that 45% of specialized laboratory tests for 
patients with HIV infection were not indicated. Educational 
interventions [27, 28], modification of electronic ordering sys-
tems [29, 30], and display of test price [31] have been attempted 
to reduce inappropriate testing, and these interventions have 
potential for application in the field of fungal diagnostic stew-
ardship. Our findings suggest that stewardship efforts engaging 

Table 2. Univariate Analysis of Factors Associated With Appropriate Testing of Non-Culture-Based Fungal Assay

 BDG (n = 394)  GMA (n = 138)  CRAG (n = 164)  

Appropriate 
(n = 60) 

Inappropriate 
(n = 334) P Value

Appropriate 
(n = 21) 

Inappropriate 
(n = 117) P Value

Appropriate 
(n = 18) 

Inappropriate 
(n = 146) 

P 
Value

Median age (IQR), y 67.5 (45–75) 63 (44–73) .25 40 (9–68) 51 (39–67) .07 49.5 (29–62) 52.5 (35.5–70) .27

Male 38 (63.3) 166 (49.7) .068 12 (57.1) 53 (45.3) .35 10 (55.6) 69 (47.3) .62

Transplant medicine 16 (26.7) 136 (40.7) <.005 11 (52.4) 40 (34.2) .14 5 (27.8) 50 (34.2) .79

Order repetition ≥2 
times 

31 (51.7) 168 (50.3) .89 6 (28.6) 39 (33.3) .8 6 (33.3) 42 (28.8) .78

Simultaneous order 
of 3 NCBFAs 

13 (21.7) 66 (19.8) .73 11 (52.4) 68 (58.1) .64 9 (50.0) 70 (47.9) 1

Recommendation 
from ID consult-
ants 

0 (0.0) 4 (1.2) 1 4 (19.0) 1 (0.9) <.005 5 (27.8) 4 (2.7) <.001

Solid malignancy 9 (15.0) 40 (12.0) .53 3 (14.3) 14 (12.0) .72 1 (5.6) 20 (13.7) .47

Hematologic malig-
nancy 

15 (25.0) 78 (23.4) .74 7 (33.3) 9 (7.7) <.005 2 (11.1) 18 (12.3) 1

Congenital immuno-
deficiency 

0 (0.0) 0 (0.0) 1 2 (9.5) 0 (0.0) <.05 3 (16.7) 0 (0.0) <.005

Chronic obstructive 
pulmonary disease 

5 (8.3) 9 (2.7) <.005 2 (9.5) 3 (2.6) .17 1 (5.6) 4 (2.7) .45

Sinusitis 2 (3.3) 8 (2.4) .65 0 (0.0) 2 (1.7) 1 0 (0.0) 2 (1.4) 1

Dialysis 2 (3.3) 16 (4.8) 1 0 (0.0) 4 (3.4) 1 1 (5.6) 5 (3.4) .51

Chronic HCV infec-
tion 

1 (1.7) 3 (0.9) .49 0 (0.0) 2 (1.7) 1 0 (0.0) 2 (1.4) 1

Cirrhosis 3 (5.0) 20 (6.0) 1 1 (4.8) 27 (23.1) .075 2 (11.1) 27 (18.5) .74

Rheumatoid disease 16 (26.7) 80 (24.0) .63 6 (28.6) 40 (34.2) .8 7 (38.9) 47 (32.2) .6

Prior abdominal sur-
gery 

12 (20.0) 51 (15.3) .34 4 (19.0) 22 (18.8) 1 2 (11.1) 31 (21.2) .53

Asplenia 0 (0.0) 2 (0.6) 1 0 (0.0) 0 (0.0) 1 0 (0.0) 1 (0.7) 1

Neutropenia 14 (23.3) 6 (1.8) <.0001 8 (38.1) 1 (0.9) <.0001 3 (16.7) 7 (4.8) .082

Diabetes mellitus 
with HbA1c >7.0% 

3 (5.0) 27 (8.1) .6 1 (4.8) 5 (4.3) 1 2 (11.1) 8 (5.5) .3

Chemotherapy 18 (30.0) 78 (23.4) .33 11 (52.4) 15 (12.8) <.0005 5 (27.8) 24 (16.4) .32

High-dose glucocor-
ticoid 

10 (16.7) 29 (8.7) .063 8 (38.1) 19 (16.2) <.01 8 (44.4) 22 (15.1) <.01

Immunosuppressant 
within 90 d

16 (26.7) 54 (16.2) .065 7 (33.3) 19 (16.2) .075 7 (38.9) 23 (15.8) <.05

Total parenteral nu-
trition 

27 (45.0) 5 (1.5) <.0001 3 (14.3) 3 (2.6) <.05 2 (11.1) 6 (4.1) .21

Candida from 
sputum 

4 (6.7) 14 (4.2) .5 1 (4.8) 4 (3.4) .57 0 (0.0) 7 (4.8) 1

Candida from urine 0 (0.0) 2 (0.6) 1 0 (0.0) 3 (2.6) 1 0 (0.0) 3 (2.1) 1

Data are presented as No. (%) unless otherwise indicated. Transplant medicine includes transplant surgery, hematology, and pediatric hematology. High-dose glucocorticoid was defined 
as ≥20 mg of prednisone equivalents daily for ≥4 weeks.

Abbreviations: BDG, beta-D glucan; CRAG, cryptococcal antigen; GMA, galactomannan antigen; HCV, hepatitis C virus; ID, infectious diseases; IQR, interquartile range; NCBFA, non-culture-
based fungal assay. 
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transplant physicians, clinical decision support tools to guide 
ordering practices, and involvement of ID physicians as stew-
ards may be important strategies to improve fungal testing 
practices.

Several limitations of this study should be acknowledged. 
First, there is no clearly and widely accepted consensus on ap-
propriateness of NCBFAs. The criteria we used for the study 
might not accurately capture inappropriate cases, although the 
predisposing factors in our criteria are largely consistent with 
the recently published consensus definitions of IFDs from the 
European Organization for Research and Treatment of Cancer 

and the Mycoses Study Group [23]. Second, it was a single-
center, retrospective study in a tertiary care academic center 
in Japan, where physicians offer solid organ and hematopoi-
etic stem cell transplantation. Therefore, the results may not be 
generalizable to other institutions with different patient, phy-
sician, and health care characteristics as well as ordering cul-
tures. Although we attempted to ascertain the classification 
and associated factors with meticulous manual chart review, 
the results could have been subject to incomplete documen-
tation. Third, there were only 2 patients with confirmed IFDs, 
thus precluding the application of the results to populations 

Table 3. Multivariate Logistic Regression Analysis of Factors Associated With Appropriate Testing of Non-Culture-Based Fungal Assay

 BDG (n = 394) GMA (n = 138) CRAG (n = 164)

Odds Ratio 95% CI P Value Odds Ratio 95% CI P Value Odds Ratio 95%CI P Value 

Transplant medicine 6.80 1.61–28.8 <.01

Order repetition ≥2 times 12.4 1.21–127.0 <.05

Recommendation from ID consultants 2.0 × 10-3 3.0 × 10-5–0.09 <.005 0.02 1.0 × 10-3–0.24 <.005

Chronic obstructive pulmonary disease 0.10 0.02–0.48 <.05

Sinusitis 0.15 0.03–0.90 <.05

Cirrhosis 0.15 0.02–0.99 <.05

Neutropenia 3.0 × 10-3 6.0 × 10-4–0.02 <.001 8.0 × 10-4 3.0 × 10-5–0.02 <.001 0.06 0.01–0.40 <.005

High-dose glucocorticoid 0.26 0.09–0.76 <.01 0.20 0.05–0.88 <.05 0.11 0.03–0.47 <.005

Immunosuppressant within 90 d 0.11 0.02–0.56 <.01

Total parental nutrition 6.0 × 10-3 2.0 × 10-3–0.002 <.001

Transplant medicine includes transplant surgery, hematology, and pediatric hematology. High-dose glucocorticoid was defined as ≥20 mg of prednisone equivalents daily for ≥4 weeks.

Abbreviations: BDG, beta-D glucan; CRAG, cryptococcal antigen; GMA, galactomannan antigen; ID, infectious diseases.

Beta-D glucan 
334 inappropriate tests 7 false-positive results 394 tests/3 months 

Additional tests and treatments Repetition of beta-D glucan 
643 times ($9259) in total 1 sinus plain CT ($147) 

1 galactomannan antigen ($16.4) 

Galactomannan antigen 
117 inappropriate tests 2 false-positive results 

138 tests/6 months 

Repetition of galactomannan antigen 
163 times ($2673) in total No additional tests and treatments 

Cryptococcal antigen 
146 inappropriate tests 1 false-positive result 

164 tests/6 months 

Repetition of cryptococcal antigen 
192 times ($3437) in total No additional tests and treatments 

Figure 3. The consequence of inappropriate non-culture-based fungal assay. Abbreviation: CT, computed tomography.
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with higher incidences of IFDs but supporting the finding of 
excessive ordering. Fourth, we did not assess the appropriate-
ness of subsequent NCBFAs for those who ordered repeatedly 
in the same patients, and these tests may have been appropriate. 
Lastly, we did not fully explore the drivers of inappropriate 
testing. The problem is likely multifactorial, with misuse of 
order sets and lack of knowledge on fungal diagnostics among 
non-ID physicians being the most important drivers. A future 
survey or qualitative analysis to elucidate the drivers in depth is 
needed to guide interventions including education.

In conclusion, we found that a large proportion of NCBFAs 
were ordered inappropriately. The absence of predisposing 
factors, the specialty of the physicians, and the absence of re-
commendations from ID consultants were associated with the 
inappropriate NCBFAs. Fungal diagnostic stewardship, such as 
guidance on patient selection for NCBFAs, is needed to reduce 
the inappropriate ordering of fungal testing and to prevent cas-
cades of unnecessary care.
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