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Abstract

Background

The clinical impact of the galactomannan (GM) test for the diagnosis of invasive pulmonary

aspergillosis (IPA) is controversial. Our study evaluated the incidence and trends of IPA

and GM testing in patients with aspergillus infections.

Methods

We conducted a nationwide inpatient population study using the Taiwan National Health

Insurance Research Database. A total of 346 IPA (62.14%male) patients from the years

2002 to 2011 were identified for inclusion in the study.

Results

The average incidence of IPA was 1.51 per million person-years. Over the study period, we

observed an increasing trend from 0.94 to 2.06 per million person-years (P < 0.0001). We

observed male predominance in IPA incidence (M/F: 1.85/1.15). Both males and females

showed significantly increasing trends of IPA incidence over time (0.87 to 4.55 and 0.36 to

2.07 per million person-years for the males and females, respectively). GM testing for IPA

significantly increased from 2002 to 2011, and the GM test was utilized more frequently for

males than females. The increase in the incidence of IPA might be positively associated

with the increase in GM testing over the past decade.

Conclusion

The incidence rates of both IPA and GM testing have increased over time. GM testing is rec-

ommended for the early diagnosis of patients with suspected aspergillosis.
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Introduction
Invasive aspergillosis infections (IAIs) result in high mortality. The reported mortality rates
range from 34% to 64.4% [1,2,3]. The majority of IAIs have pulmonary involvement, which
may be isolated (61.5~94%) [4,5] or collectively involved with multiple organs (92.9~100%)
[1,3,4,5]. The most important risk factor for invasive pulmonary aspergillosis (IPA) is pro-
longed granulocytopenia (e.g., in HIV or hematological malignancy patients or stem cell trans-
plant recipients). However, in recent years, the epidemiology of IPAs has expanded. New risk
factors are emerging, such as structural lung disease [6], chronic obstructive lung disease [7,8],
autoimmune disease [9], the abuse of broad spectrum antibiotics, increased severity and com-
plexity of disease status in the intensive care unit and evolving antifungal resistance [10].

IPA can be very challenging to diagnose because both the clinical presentation and radio-
graphic images are often non-specific. A definitive diagnosis from a sputum culture is time
consuming, and invasive procedures, such as bronchiolar lavage or tissue biopsy, are not always
possible due to the patient’s existing clinical condition, such as thrombocytopenia from an
underlying hematological disease.

In 2002, the galactomannan (GM) test was approved by the United States Food and Drug
Association (US FDA) for use with serum samples to diagnose Aspergillus infections. The fol-
lowing year, Taiwan officials also approved the use of the GM test, and the laboratory fee
became covered by national insurance. GM is a polysaccharide cell wall component that is
released by Aspergillus species during active cell replication. Therefore, a positive GM result
can indicate a true infection rather than contamination from airway commensal microbiota.
According to a meta-analysis, the efficacy of the GM test in cases of proven IAI had an overall
sensitivity and specificity of 71% and 89%, respectively [11]. In addition, higher titer levels cor-
related with superior test specificity. In some patients, the GM antigen can be detected before
the presence of clinical symptoms. Early GM detection might lead to early treatment for sus-
ceptible patients prior to disease progression. Therefore, in addition to traditional radiographic
images and cultures, the GM test might facilitate clinical decision-making. However, the GM
test sensitivity can be lower in patients receiving antifungal treatment [12], and false-positive
results have been observed in patients receiving piperacillin-tazobactam [13]. Therefore,
despite the inclusion of the GM test in the diagnosis of invasive fungal infections by the Euro-
pean Organization for Research and Treatment of Cancer/Invasive Fungal Infections Coopera-
tive Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group
(EORTC/MSG) in 2008 [14], its clinical impact remains controversial.

Previous studies on the incidence of IPA have been conducted at medical institutions spe-
cializing in onco-hematological diseases or organ transplantation. The reported incidence of
IPA varies [1,3,4]. To date, no population-based study has been performed to determine the
disease incidence on a national scale. Therefore, we determined the incidence and trends of
IPA in Taiwan over the past 10 years based on the national database. We also determined the
potential influence of the GM test on IPA diagnoses.

Materials and Methods
We performed a population-based study based on data obtained from the Taiwan National
Health Insurance Research Database (NHIRD). Taiwan’s National Health Insurance (NHI)
program was launched in March 1995 and provides compulsory medical service to all citizens
with a current coverage rate exceeding 99% of the total population. NHIRD is a large-scale
research database that consists of comprehensive claim records including information on
patients’ characteristics, such as gender and birth date, and clinical information, such as the
dates of clinical visits and admissions, medication prescription records and up to five discharge
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diagnoses. The diagnosis codes are based on the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM). NHI has a specific laboratory code for the Asper-
gillus antibody and antigen test. We used this laboratory code to identify the utilization of the
test during the study period. The patients’ identification numbers were scrambled before data
release; therefore, each subject remained anonymous. This study was approved by the Institu-
tional Review Board of the Ditmanson Medical Foundation, Chia-Yi Christian Hospital, Tai-
wan (IRB number: 104071).

Study Subjects and Definitions
We enrolled hospitalized patients who were diagnosed with IPA (ICD-9-CM codes 484.6)
between 2002 and 2011. To improve the accuracy of the IPA diagnosis, we only selected
patients who had received at least 3 days of antifungal therapy, such as voriconazole, posacona-
zole, micafungin, itraconazole, caspofungin, anidulafungin or amphotericin B during their hos-
pitalization. Thus, we excluded patients who had empirically received antifungal therapy but
subsequently received an alternative diagnosis. The demographic characteristics, resource utili-
zations, and geographic regions of the patients were also studied. Age at the first diagnosis was
categorized into four groups: 0–18, 19–49, 50–64, and over 65 years old. We separated the
study period into two five year periods to evaluate changes in the incidence rate.

Statistical Analyses
We calculated the incidence rate of IPA stratified by sex, age groups, and time periods by calen-
dar years (2002–2011). The incidence rate per one million person-years was calculated by
dividing the number of patients with IPA by the number of the total population in the same
year, which was obtained from the Department of Statistics in the Ministry of the Interior of
Executive Yuan in Taiwan. We recorded the total number of patients in which the GM test was
performed. The total number of GM tests was plotted according to the annual incidence rates
to depict trends during the study period. A Poisson regression analysis was used to test for dif-
ferent temporal trends regarding incidence rates. Statistical analyses were performed using the
SPSS software, Version 21 of the SPSS System for Windows (version 21.0; IBM Corporation,
Somers, NY, USA). A two-tailed P-value below 0.05 was considered significant.

Results

Demographics
A total of 450 patients with a discharge diagnosis of IPA were identified. Among these patients,
346 had received at least 3 days of intravenous antifungal therapy and were included in our
analysis. The demographic characteristics are listed in Table 1. There were 215 males and 131
females in this study. Of these patients, 90.6% of males and 87.8% of females were adults>18
years old (P = 0.0312). The male group had a shorter length-of-stay (LOS) and lower medical
cost compared to the female group. However, there were no other significant differences
regarding gender (e.g., use of intubation or mechanical ventilation, intensive care unit (ICU)
admission, or LOS in the ICU).

Incidence of IPA and GM testing
The overall incidence of IPA was 1.51 per one million person-years during the study period.
The incidence of IPA in males and females was 1.85 and 1.15 per one million person-years,
respectively. In Fig 1, an increasing incidence trend is observed for both males and females
between 2002 and 2011 (from 0.87 to 4.55 (P< 0.0001) and 0.36 to 2.07 (P< 0.0001) per one

Galactomannan Test and Incidence of Invasive Pulmonary Aspergillosis

PLOS ONE | DOI:10.1371/journal.pone.0149964 February 22, 2016 3 / 9



million person-years for males and females, respectively). The number of GM tests performed
for male patients increased from 0 in 2002 to 573 in 2011, and the number of GM tests per-
formed for female patients increased from 0 in 2002 to 331 in 2011. The GM test was applied
more frequently in males than females, and the increasing trend was similar to the incidence
trend from 2002 to 2011.

Table 1. Demographic characteristics, clinical features, and resource utilizations of patients with invasive aspergillosis pneumonia.

Variables-Number (%) Total (N = 346) Male (N = 215) Female (N = 131) P value

Age, years

0–18 32 (9.3) 16 (7.4) 16 (12.2) 0.0312

19–49 106 (30.6) 69 (32.1) 37 (28.2)

50–64 99 (28.6) 53 (24.7) 46 (35.1)

65+ 109 (31.5) 77 (35.8) 32 (24.4)

Mean ± SD 51.9 ± 21.1 53.6 ± 21.3 49.1 ± 20.7 0.0537

Intubation and MV use 121 (35.0) 77 (35.8) 44 (33.6) 0.6736

ICU admission 129 (37.3) 80 (37.2) 49 (37.4) 0.9709

Length of stay, days- Median (IQR)

Overall 36 (21–57) 31 (20–51) 46 (28–64) 0.0001

In ICU admission 11 (5–23) 11 (5–23) 12 (4–19) 0.9632

Medical cost, US dollars- Median (IQR) 15641 (7405–29411) 14028 (6310–26013) 20246 (9998–33750) 0.0006

SD: standard deviation. IQR: inter-quartile range. MV: mechanical ventilator

doi:10.1371/journal.pone.0149964.t001

Fig 1. Correlation of the incidence of invasive pulmonary aspergillosis in different sex with galactomannan test utilization rate over time.

doi:10.1371/journal.pone.0149964.g001
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Incidence trend increased with age
Fig 2 shows that the incidence of IPA increased with age for both males and females. Among
patients over 60 years of age, the incidence was higher among males than females and rapidly
increased with age among males.

Incidence change stratified by different time period
We observed that the incidence of IPA slowly increased during the 2002–2006 period and rapidly
increased during the 2007–2011 period (Fig 1). We calculated the incidence of IPA for the 2002–
2006 and 2007–2011 periods (Table 2). The overall incidence was higher in the 2007–2011 period
than the 2002–2006 period (0.94 vs. 2.07 per one million person-years, P< 0.0001). The signifi-
cantly higher incidence in 2007–2011 period was also observed when the patients were stratified
into age groups and sexes (except for the age group 50–64 years, P = 0.0520).

Fig 2. Incidence trend of invasive pulmonary aspergillosis in male and female among different age group.

doi:10.1371/journal.pone.0149964.g002

Table 2. Incidence rate (per one million person-years) by time period, stratified by age and sex.

Incidence 2002–2006 2007–2011 P value

Overall 0.94 2.07 < 0.0001

Sex

Female 0.86 1.45 0.0042

Male 1.02 2.68 < 0.0001

Age, y

0–18 0.35 0.87 0.0181

19–49 0.57 1.28 0.0001

50–64 2.06 3.11 0.0520

65+ 2.78 6.47 < 0.0001

doi:10.1371/journal.pone.0149964.t002
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Discussion
Although the GM test has been available over the past ten years, the real clinical impact of the
GM test has not been carefully validated on a national scale. The epidemiological evidence has
been lacking to support the belief that the GM test is a surrogate marker for the diagnosis of
IPA. This study assessed the IPA epidemiology in Taiwan over a 10 year period based on a
nationwide representative database and illustrates a positive correlation between IPA incidence
rate and GM test utilization. This could be a strong epidemiological evidence to confirm the
use of GM test and its relationship to IPA incidence. We think the inclusion of GM test for the
diagnosis of “probable IA” in the revised guideline and increased availability are major reasons
for more use of GM test over the past years.

This study nationally assessed the IPA epidemiology in Taiwan over a 10 year period. The
incidence rate of IPA remained low during the 2002–2006 period and rose rapidly after 2007.
The incidence rate of IPA correlated well with the use of the GM test, which suggests an associ-
ation between these factors.

Invasive aspergillosis affected more males than females, which has been demonstrated in
some previous studies (Table 3). Two studies from the United States reported that the percent-
age of male patients was 55.9% and 58.9% [2,15]. Another study performed by Lortholary et al.
(393 patients) also showed a male predominance (62%) [3]. Perkhofer et al.[1] and Hsiue et al.
[4] also found similar results. In this study, 62.1% of the IPA patients were male, which is in
agreement with previous reports [1,4]. The reason(s) for the gender difference is unknown.
However, because IPA develops more often in patients with specific diseases, the gender differ-
ence might be due to the epidemiological features of those underlying diseases. For example,
hematological malignancies, the most widely recognized condition associated with IPA, affects
significantly more male than female patients [16]. In addition, IPA can occur among patients
who have HIV infections, and men have a higher risk of progression to AIDS [17]. For these
patients, the possibility of invasive Aspergillus infections is higher due to compromised immu-
nity. Another epidemiological study of invasive aspergillosis among intensive care unit patients
showed that among 563 patients who acquired invasive aspergillosis, 31% had chronic obstruc-
tive pulmonary disorder (COPD), which is also a male-predominant disease [18].

Currently, there is no literature available regarding the age-specific IPA incidence rate. In
our cohort, the age-specific incidence rate was lowest among children less than 10 years old,
and the rate increased with age. For males, the increased incidence rate with age may be a result
of the epidemiological trends of the underlying comorbidities. In one cohort of patients with
invasive aspergillosis, 22.9% had acute myeloid leukemia (AML) and 21.4% had undergone
allogeneic hematopoietic stem cell transplantation (HSCT) [3]. AML generally occurs in adults,
and its incidence increases with age. According to Marr et al., older age was associated with an
increased risk of invasive aspergillosis among 1,682 patients who received their first allogeneic
HSCT [19]. This study, which covered all ages of the population, provided information regard-
ing the age distribution of IPA.

Table 3. Comparison of large epidemiological studies on invasive aspergillosis.

Author Country Study period Patient source Incidence Male

Kim et al. United States 2000 ~ 2006 Insurance company data-bank - 55.9%

Steinbach et al. United States 2004 ~ 2008 25 Medical centers - 58.9%

Lortholary et al. France 2005 ~ 2007 12 Teaching hospitals 271/1000,000 admission 62%

Perkhofer et al. Australia 2007 ~ 2008 12 Major transplant or oncology centers 23,6/1000,000 hospital inhabitants 58%

Hsiue et al. Taiwan 2000 ~ 2009 Single medical center - 58%

doi:10.1371/journal.pone.0149964.t003
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Fig 1 shows that the number of GM tests increased gradually during the study period, and
was found to be correlated with the number of IPA cases. This result corroborates a previous
single-institute study that found a significant increase in the diagnosis of IAI in patients with
hematological malignancies after GM testing (11 cases in 2011 versus 2 cases in 2007) [20].
The researchers postulated that this increase in diagnosis was due to a classification shift from
“possible” to “probable” IA. We suggest that the initial low incidence rate was caused by a lack
of awareness and difficulty of diagnosis in 2007. Previous researches showed that 60 to 75% of
invasive aspergillosis was diagnosed post mortem [21,22] and the vast majority had pulmonary
involvement, which suggested that the diagnostic and therapeutic strategies were suboptimal
and needed to be improved. GM testing had become an elementary component of the diagnosis
of “probable” IA in 2008, according to the EORTC/MSG consensus. The present study revealed
a sudden increase in IPA cases since 2008, which provides strong epidemiological evidence to
support the use of GM testing for improving the diagnosis of IPA. Although the GM test has
been in use for greater than 10 years and was included in the criteria for “probable” IA by the
EORTC/MSG consensus in 2008, its clinical impact remains unknown. In previous studies, the
performance of the GM test varied significantly using different clinical scenarios and cut-off
values [23]. Indeed, one study demonstrated that the serum GM test rarely impacted clinical
decision-making and indicated that it might not be cost-effective [24].

There are several limitations should be addressed in this study. First, the validity of the diag-
noses was limited. Patients with aspergillosis are most effectively diagnosed on the basis of the
EORCT-MSG 2008 criteria. However, we were unable to apply the EORCT/MSG 2008 criteria
to define the IPA cases because information on clinical symptoms and culture results are not
available in administrative claims data. We acknowledged this weakness and attempted to
overcome it. Following Kim et al. [15], we used strict inclusion criteria, i.e. hospitalized patients
receiving at least 3 days of intravenous anti-fungal medications, which we believe covers the
patients most likely to have IPA. Second, only those hospitalized patients were included. Thus,
patients with mild cases of IPA who had not been admitted to the hospital were not studied.
Nevertheless, due to the nature of this disease, most patients diagnosed with IPA would be hos-
pitalized. Therefore, the number of missing cases due to mild cases should be too small to influ-
ence the general epidemiological trends. Third, the current analysis did not include cases
diagnosed post mortem. This might influence the incidence rate of IPA of this study. However,
the fact that autopsies are rarely performed in Taiwan would minimize such effect on the
reported rates. Fourth, this study just focused on basic demographic data such as gender, age
and time of occurrence. Additional factors like intubation and mechanical ventilation, ICU
admission, length of stay and medical cost are also important variables worthy of discussion.
However, they are beyond the scope of the current study and may be studied in the future.

Conclusions
In conclusion, this study provided a nationwide assessment of IPA epidemiology over a 10 year
period. We observed similar trends for the incidence rate of IPA and the rate of GM test
administration. The incidence of IPA increased significantly during the study period, and the
improved diagnostic rate may be due to the utilization of the GM test.
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