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Urine Galactomannan-to-Creatinine Ratio for Detection of Invasive
Aspergillosis in Patients with Hematological Malignancies

Frederike M. J. Reischies,a Reinhard B. Raggam,b Juergen Prattes,a Robert Krause,a Susanne Eigl,c Agnes List,d Franz Quehenberger,e

Volker Strenger,f Albert Wölfler,d Martin Hoenigla,c,g

Section of Infectious Diseases and Tropical Medicine, Department of Internal Medicine, Medical University of Graz, Graz, Austriaa; Clinical Institute of Medical and
Chemical Laboratory Diagnostics, Medical University of Graz, Graz, Austriab; Division of Pulmonology, Department of Internal Medicine, Medical University of Graz, Graz,
Austriac; Division of Hematology, Department of Internal Medicine, Medical University of Graz, Graz, Austriad; Institute for Medical Informatics, Statistics, and
Documentation, Medical University of Graz, Graz, Austriae; Division of Pediatric Hemato-Oncology, Department of Pediatrics and Adolescent Medicine, Medical University
of Graz, Graz, Austriaf; Division of Infectious Diseases, Department of Medicine, University of California, San Diego, California, USAg

Galactomannan (GM) testing of urine specimens may provide important advantages, compared to serum testing, such as easy
noninvasive sample collection. We evaluated a total of 632 serial urine samples from 71 patients with underlying hematological
malignancies and found that the urine GM/creatinine ratio, i.e., (urine GM level � 100)/urine creatinine level, which takes urine
dilution into account, reliably detected invasive aspergillosis and may be a promising diagnostic tool for patients with hemato-
logical malignancies. (This study has been registered at ClinicalTrials.gov under registration no. NCT01576653.)

Galactomannan (GM) is a polysaccharide component of the
cell wall of filamentous fungi, including Aspergillus species.

GM is hematogenously released by fungal hyphae during invasive
growth. Serum GM detection has proved to be useful for the di-
agnosis of invasive aspergillosis (IA) in patients with hematologi-
cal malignancies (1–3).

In contrast, data on the performance of GM testing with urine
samples are limited. After promising results in an animal model
nearly 3 decades ago (4), only very recent pilot studies have indi-
cated that GM detection in urine may be promising for IA screen-
ing in humans (5–8). Besides important advantages, one of the
potential major limitations of urine specimen testing is that GM
dilutions in urine vary, thus influencing GM concentrations. In-
terestingly, previous studies on the diagnostic performance of
urine GM determinations for IA did not take into account urine
dilution, which may explain the inconsistent results (5–8). Urine
creatinine concentrations vary depending on water intake and are
used to determine reliably the concentrations of various analytes
in urine when 24-hour urine collection is not feasible. Similar to
serum creatinine findings, elevated urine creatinine concentra-
tions can be found in conditions such as kidney failure, rhabdo-
myolyses, and pyelonephritis, as well as with a high-meat diet. The
objective of this study was to evaluate urine GM testing and to
determine whether the diagnostic performance of urine GM test-
ing can be improved by the use of a creatinine-based urine GM
ratio.

(Data in the manuscript were presented, in part, at the 55th
Interscience Conference on Antimicrobial Agents and Chemo-
therapy, San Diego, CA, 2015, and the 7th Trends in Medical
Mycology, Lisbon, Portugal, 2015.)

This prospective single-center study was conducted at the
Medical University Hospital of Graz (Graz, Austria) between Sep-
tember 2014 and August 2015. Adult patients (�18 years of age)
who were admitted to the hematology or bone marrow transplan-
tation ward and were at risk for IA (e.g., patients with prolonged
neutropenia secondary to high-dose induction/myeloablative
chemotherapy or patients with graft-versus-host disease) (9, 10)
were identified and, after informed consent was obtained, were

monitored prospectively using clinical rounds, chart reviews, and
surveys of electronic documents, including microbiological test
results. Patients’ medical records were reviewed individually using
a standardized data collection template, in order to obtain demo-
graphic information, clinical data on therapy outcomes and ad-
verse events, and mycological laboratory test results.

IA was defined according to the consensus definitions pro-
vided by the European Organization for Research and Treatment
of Cancer/Invasive Fungal Infections Cooperative Group and the
Mycoses Study Group (10). For each time point, samples were
obtained and study patients were classified as having no evidence
for IA, possible IA, probable IA, or proven IA. In addition, patients
without hematological malignancies and with no evidence for IA
who presented to an outpatient department were recruited as a
validation cohort.

Specimen collection, processing, and analysis. For all hema-
tological malignancy patients who participated in this study,
twice-weekly routine serum GM screening was performed until
diagnosis of IA, resolution of risks for developing IA (e.g., re-
covery of neutropenia), or discharge. On the mornings of rou-
tine serum GM screening, 6 ml of midstream urine was col-
lected into closed sterile urine tubes. Urine samples were stored
at �70°C within 2 h after sample collection, and urine GM
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optical density index (ODI) values and urine creatinine levels
were retrospectively analyzed, always within 6 months after
sample collection. Determination of GM levels in urine was
performed after vortex-mixing, using the Platelia enzyme im-
munoassay (EIA) (Bio-Rad Laboratories, Marnes-la-Coquette,
France). Urine creatinine levels were determined with a Cobas
8000 automated analyzer (Roche Diagnostics, Rotkreuz, Swit-
zerland), using the Jaffé Generation 2 assay for urine.

Prior to sample testing, serial dilution (1:10, 1:25, 1:50, 1:75,
and 1:100) of a highly GM-positive urine sample was performed,
and determination of GM and creatinine levels showed directly
proportional reductions in the concentrations of the two analytes
(Fig. 1). Therefore, urine GM levels could be normalized against
corresponding urine creatinine levels (in milligrams per deciliter)
using the urine GM/creatinine ratio, i.e., (urine GM ODI � 100)/
urine creatinine level.

For statistical analysis, IBM SPSS Statistics (version 22; IBM
Corp., Amrok, NY, USA) and R 3.2.0 (www.r-project.org) were
used. Clinical performance was analyzed for the urine
GM/creatinine ratio and the conventional GM ODI by comparing
results obtained from IA (i.e., proven, probable, or possible IA)
samples versus no-evidence-for-IA samples and IA samples versus
negative controls (i.e., validation cohort). Diagnostic cutoff values
for the samples were determined using the Youden index, and the
sensitivity, specificity, negative predictive value (NPV), and
positive predictive value (PPV) were calculated. Receiver
operating characteristic (ROC) curve analyses were performed to
evaluate diagnostic accuracies, and area under the curve (AUC)
values are presented. Correlations between urine GM/creatinine
ratios and GM ODI values for urine and serum samples were
calculated using Spearman rho correlation analysis. P values of
�0.05 were considered statistically significant. The study protocol
was approved by the local ethics committee at the Medical
University of Graz (Graz, Austria) (EC no. 23-343) and was
registered at ClinicalTrials.gov (registration no. NCT01576653).

Patients with hematological malignancies. A total of 71 he-
matological malignancy patients at risk for IA were included; 37
(52.1%) were male and 34 (47.9%) were female, with a median age

of 55 years (interquartile range [IQR], 46 to 62 years). The most
frequently observed underlying disease was acute myeloid leuke-
mia (30 patients [42.3%]), followed by acute lymphoblastic leu-
kemia (9 patients [12.7%]), myelodysplastic syndrome (8 patients
[11.3%]), non-Hodgkin lymphoma and multiple myeloma (each
7 patients [9.8%]), and others (10 patients [14.1%]). Thirty-four
patients (47.9%) had undergone allogeneic stem cell transplanta-
tion (SCT) before or during collection of study samples, and 12
(16.9%) had undergone autologous SCT.

From those 71 patients, a total of 632 urine samples were in-
cluded in this study. Three urine samples were obtained from 1
patient with proven IA, 16 urine samples were obtained from 5
patients with probable IA, and 15 urine samples were obtained
from 4 patients with possible IA. Therefore, a total of 34 samples
were classified as IA samples (19 of those as probable/proven IA
samples). The remaining 598 samples from 61 patients (85.9%)
without evidence for IA were classified as no-IA samples. The
majority of samples (32/34 [94%] IA samples and 419/598 [70%]
no-IA samples) were obtained from patients receiving mold-ac-
tive antifungal prophylaxis or therapy.

Median urine GM/creatinine ratios were nearly 3 times
higher in IA samples than in no-IA samples (median ratio of
0.46 [IQR, 0.27 to 1.41] versus 0.17 [IQR, 0.09 to 0.30]; P �
0.001), while the difference was less pronounced for conven-
tional urine GM ODI values (median ODI of 0.11 [IQR, 0.08 to
0.16] versus 0.07 [IQR, 0.06 to 0.09]; P � 0.001). Boxplots are
presented in Fig. 2.

ROC curve analysis revealed AUC values of 0.801 (95% confi-
dence interval [CI], 0.719 to 0.882; P � 0.001) for urine GM/
creatinine ratios, 0.746 (95% CI, 0.655 to 0.837) for conventional
urine GM ODI values, and 0.749 (95% CI, 0.657 to 0.841) for
serum GM levels in differentiating IA samples (n � 34) from
samples with no evidence for IA (n � 598). ROC curves for urine
tests are presented in Fig. 2.

The Youden index determined a cutoff value of 0.26 for the
urine GM/creatinine ratio. Per-sample performance was as fol-
lows: (i) possible/probable/proven IA versus no evidence for IA:
sensitivity, 79%; specificity, 70%; NPV, 98.4%; PPV, 13%; (ii)
probable/proven IA versus no evidence for IA: sensitivity, 84%;
specificity, 70%; NPV, 99.3%; PPV, 8%. Spearman rho correlation
analysis revealed a strong correlation between urine GM/creati-
nine ratios and GM ODI values from urine (r � 0.712, P � 0.001)
and weak correlations between GM ODI values from serum and
both urine GM/creatinine ratios (r � 0.157, P � 0.001) and con-
ventional urine GM ODI values (r � 0.180, P � 0.001).

Validation cohort. Forty-eight urine samples, collected using
the same preanalytical precautions, were obtained from 48 pa-
tients from an outpatient department. Boxplots for urine GM/
creatinine ratios and conventional urine GM ODI values for the
validation cohort are presented in Fig. 2.

ROC curve analysis revealed AUCs of 0.913 (95% CI, 0.853
to 0.973; P � 0.001) for urine GM/creatinine ratios for differ-
entiating IA samples from the validation cohort and 0.792
(95% CI, 0.689 to 0.895; P � 0.001) for conventional urine GM
ODI values. The proposed cutoff value of 0.26 for the urine
GM/creatinine ratio had a specificity of 88% in the validation
cohort.

We performed a prospective study on GM detection in urine
samples and found that determination of the urine GM/creatinine
ratio may be a reliable approach for detecting IA in patients with

FIG 1 Serial dilution (1:10, 1:25, 1:50, 1:75, and 1:100) of a urine sample
highly positive for galactomannan (GM). Determination of GM and creatinine
levels showed directly proportional reductions of the levels of the two analytes.
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hematological malignancies. This represents the first study to
evaluate the confounding factor of urine dilution when testing
GM in urine samples.

Testing of urine specimens may provide important advan-
tages. First, noninvasive and easy sample collection may allow
for home testing for urine GM in the future, once point-of-care
(POC) tests have been developed. Second, urine GM testing, in
contrast to serum testing, allows more frequent examination of
large volumes, which may increase the sensitivity of the GM
test (6, 8, 11). The diagnostic performance of urine GM testing
was improved by calculation of the urine GM/creatinine ratio.
In particular, the excellent AUC for differentiating IA samples
from validation cohort samples may argue for the superiority
of the use of this ratio, compared to conventional urine GM
determinations.

The calculated urine GM/creatinine cutoff value of 0.26 was
associated with 79% sensitivity for possible/probable or proven IA
among patients with hematological malignancies. The low PPV of
13% found for the proposed urine GM/creatinine ratio cutoff in
this study is in line with PPVs published in previous studies for
serum GM screening in patients receiving mold-active prophy-
laxis (3, 12). The NPV of �98% may, however, be a useful mea-
sure for ruling out breakthrough IA and discontinuing empirical
antifungal treatment for patients who actually do not have IA. The

main limitations of the study include the relatively small number
of samples from probable and proven cases. Also, normalization
may fail with high-meat diets, rhabdomyolyses, extensive exercise,
and other conditions that may be associated with highly elevated
urine creatinine levels.

Conclusions. Our results indicate that the diagnostic value of
GM detection in urine samples may be increased when urine di-
lution is taken into account. Use of the proposed urine GM/cre-
atinine ratio may be a simple reliable approach and warrants fur-
ther investigations as a diagnostic tool for IA in patients with
hematological malignancies.
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FIG 2 Boxplots (A) and ROC curves (B and C) comparing urine GM/creatinine ratios and conventional urine GM ODI values. (A) Circles represent mild
outliers, and asterisks represent extreme outliers. (B) Analysis restricted to patients with hematological malignancies, i.e., the IA cohort (n � 34) versus the
no-evidence-for-IA cohort (n � 598). (C) Analysis comparing the IA cohort (n � 34) with the validation cohort (n � 48), without hematological malignancies.
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