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Usefulness of Aspergillus Galactomannan Antigen Testing
and the Prediction of an Outbreak during
Hospital Reconstruction

Hiroyasu Kaya, Jun Ozaki and Hirokazu Okumura

Abstract:

Objective This study retrospectively evaluated fungal dissemination due to hospital reconstruction and ex-
plored effective methods of predicting an outbreak.

Methods Patients suspected of having invasive aspergillosis were tested for Aspergillus galactomannan anti-
gen before and after reconstruction, and the mean values of three months of testing for positive patients were
determined. The characteristics of patients with aspergillosis during this period were also assessed.

Results Forty-five patients were positive for Aspergillus antigen (>0.5 cut-off index) from January 2013 to
December 2014. Mean Aspergillus antigen values significantly increased following reconstruction (p<0.05).
Three patients developed pneumonia due to Aspergillus and were diagnosed with “probable” invasive asper-
gillosis according to the European Organization for Research and Treatment of Cancer and the National Insti-
tute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) criteria. We also discovered
that the anteroom to contain dust was not prefabricated and a negative pressure system to remove dust was
not used. After construction of the unit, no new cases of aspergillosis were diagnosed.

Conclusion Many Aspergillus spores may be transiently floating during hospital reconstruction. Therefore,
monthly surveillance with frequent serum galactomannan antigen testing to predict outbreaks is necessary.
Surveillance of all patients in the hematology ward is especially important. Reconsideration of prophylactic
antifungals may also be necessary during hospital reconstruction.
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of invasive aspergillosis during hospital reconstruction.

Introduction

Aspergillus comprises a large genus of ubiquitous fila-
mentous fungi, accounting for up to 40% of cases of hospi-
tal and home fungal contamination. Aspergillus spores are
dispersed in great amounts during construction and renova-
tion work, and many work-related aspergillosis outbreaks
have been described (1, 2). Hematologists who have treated
immunocompromised patients are acutely aware of the ex-
tremely high mortality of progressive fungal disease. Many
studies have attempted to evaluate the acquisition of invasive
fungal infection by medically compromised patients (2-8). In
particular, patients with hematological malignancy are at risk

However, several reports have demonstrated a decreased risk
of aspergillosis during hospital reconstruction when protec-
tive measures were taken (2, 9).

Therefore, this study was performed retrospectively to
evaluate fungal dissemination due to construction and deter-
mine methods to predict Aspergillus outbreak at a single
hospital in which three patients had been diagnosed with in-
vasive aspergillosis despite protective measures having been
taken. We also discuss the usefulness of Aspergillus galacto-
mannan antigen testing and surveillance during hospital re-
construction.
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Diagram of construction. In our hospital, the 4th floor intensive-care unit was recon-

structed from September 2013 to May 2014. Nurse call speakers were also repaired in the 8th floor
hematology ward in December 2013. In addition, two large clean rooms for four patients in the hema-
tology ward were constructed internally from January 2014 to February 2014. A partition was in-

stalled between the patient area and construction site. The source of the outbreak was suspected to be
the construction area on the 4th floor, which did not have a sufficient negative pressure system to
remove dust from construction workers. A unit with a negative pressure system was subsequently
constructed beside the construction area in January 2014.

Materials and Methods

Reconstruction

In our hospital, the 4th floor intensive-care unit was re-
constructed from September 2013 to May 2014. Nurse call
speakers were also repaired in the 8th floor hematology
ward in December 2013. In addition, two large clean rooms
for four patients in the hematology ward were constructed
internally from January to February 2014. A partition was
installed between the patient area and the construction site.
An anteroom was to be constructed, and workers were re-
quired to pass through the anteroom so that they could be
cleaned using a high-efficiency particulate air (HEPA) vac-

uum cleaner. The source of the outbreak was suspected to
be the construction area on the 4th floor, which did not have
a sufficient negative pressure system to remove dust from
the construction workers. A unit with a negative pressure
system was subsequently constructed beside the construction
area in January 2014 (Fig. 1).

Environmental assessment

The infection control team (ICT) performed an environ-
mental assessment once a week during construction accord-
ing to the infection control risk assessment (ICRA). During
this assessment, the barrier between the patient area and
work area, the anteroom and cleaning around the work area
or workwear was checked. The ICT also conducted a daily
environmental assessment to determine the outbreak source
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Figure 2. Rate of Aspergillus antigen-positive patients every three months. We calculated the posi-

tive rate of patients with Aspergillus antigen (>0.5 cut-off index) from 3 months of testing. In our
hospital, the 4th floor intensive-care unit was reconstructed starting in October 2013. A unit with a
negative pressure system to remove dust from construction workers was constructed after an invasive
aspergillosis outbreak occurred between December 2013 and January 2014. The positive rate was the

highest from October to December 2013.

during a period without epidemiologic evidence of transmis-
sion after an outbreak of invasive aspergillosis (Category IB)
in December 2013 (10).

Patients

We examined 351 patients with hematologic disease from
January 2013 to December 2014. Forty-five patients were
positive for Aspergillus galactomannan antigen [>0.5 cut-off
index (COI)]. We further examined only Aspergillus galacto-
mannan antigen-positive patients, as the immune state of pa-
tients with hematologic disease varies, and the infectivity of
Aspergillus spores also varies in such patients. Three pa-
tients were diagnosed with invasive aspergillosis according
to the European Organization for Research and Treatment of
Cancer and the National Institute of Allergy and Infectious
Diseases Mycoses Study Group (EORTC/MSG) criteria in
this period (11).

Aspergillus antigen testing

Aspergillus galactomannan antigen testing was performed
as usual before, during and after reconstruction. For patients
with hematologic disease, Aspergillus galactomannan anti-
gen was examined by an enzyme-linked immunosorbent as-
say (SRL, Tokyo, Japan) at most once a week when fungal
infection was suspected because of lung nodules or a fever
of unknown origin. We defined a result as positive if the As-
pergillus galactomannan antigen value was >0.5 COI and
determined the maximum value from a series of data during
the course of infection as the final value for the patient.

The data are shown as the positive rates and the meanzt
standard deviation (SD) of Aspergillus antigen. For positive
patients, the values were calculated as the mean of testing of
all hematology wards for 3 months. Statistical analyses were
performed using the EZR software program (12). Intergroup

comparisons were assessed by the chi-squared test or the
unpaired #-test. p values <0.05 were considered statistically
significant. This study was approved by the Toyama Prefec-
tural Central Hospital ethics committee (Approval No.
5126).

Results

After we confirmed an outbreak of invasive aspergillosis
had occurred, the ICT conducted a daily environmental as-
sessment to determine the source of infection during a time
without epidemiologic evidence of transmission. The source
was suspected to be the construction area on the 4th floor
that did not have a sufficient negative pressure system to re-
move dust from construction workers. Based on the assess-
ment, the ICT recommended the construction of an ante-
room with a negative pressure system. No new cases of in-
vasive aspergillosis were diagnosed after the construction of
this unit in the intensive-care unit on the 4th floor or during
reconstruction of two large clean rooms on the 8th floor.

Fig. 2 shows the rate of Aspergillus antigen-positive pa-
tients every 3 months among 351 examined patients. The
positive rate was 13% from July to September 2013 (before
reconstruction) but increased to 21% from October to De-
cember 2013 (during reconstruction). The positive rate was
the highest after reconstruction started and before the unit
with a negative pressure system was constructed beside the
construction area in January 2014. From January to Decem-
ber 2014, the positive rates remained at about 10%. There
were no significant differences in the positive rates before,
during or after reconstruction.

Fig. 3 shows the mean Aspergillus antigen values every 3
months in positive patients in the hematology ward. The
mean Aspergillus antigen values of hematologic patients
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Figure 3. Testing of mean Aspergillus antigen values every three months. The mean Aspergillus

antigen values in patients in the hematology ward were calculated from three months of testing. In

our hospital, the 4th floor intensive-care unit was reconstructed starting in October 2013. A unit with

a negative pressure system to remove dust from construction workers was constructed after an inva-

sive aspergillosis outbreak occurred between December 2013 and January 2014. The mean values
significantly increased following reconstruction (p<0.05).
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Figure 4. Testing of mean Aspergillus antigen values in pa-
tients without aspergillosis every three months. The mean As-
pergillus antigen values in patients without aspergillosis in the
hematology ward were calculated from three months of testing.
In our hospital, the 4th floor intensive-care unit was recon-
structed starting in October 2013. A unit with a negative pres-
sure system to remove dust from construction workers was
constructed after an invasive aspergillosis outbreak occurred
between December 2013 and January 2014. The mean values
significantly increased following reconstruction (p<0.05).

from July to September 2013, October to December 2013
and January to March 2014 were 1.3+0.55, 3.6+1.62 and 2.2
+1.72 COI, respectively. These results show that the mean
Aspergillus antigen values significantly increased after the
start of reconstruction (p<0.05). Although the mean Asper-
gillus antigen values decreased after January 2014, this dif-
ference was not significant.

Fig. 4 shows the mean Aspergillus antigen values every 3

months in positive patients without aspergillosis in the he-
matology ward only from July 2013 to March 2014. The
mean Aspergillus antigen values of hematologic patients
from July to September 2013, October to December 2013
and January to March 2014 were 1.3+0.55, 4.9+0.14 and 3.5
+1.5 COI, respectively. These results show the mean Asper-
gillus antigen values also significantly increased after the
start of reconstruction in patients without aspergillosis (p<
0.05).

Table shows the characteristics of patients with aspergillo-
sis. All three patients developed pneumonia due to Aspergil-
lus and were diagnosed with “probable” invasive aspergillo-
sis according to the EORTC/MSG criteria. Two patients had
acute myeloid leukemia and one had multiple myeloma.
Two patients were diagnosed at the end of December 2013,
and one patient was diagnosed in the middle of January
2014. The maximum Aspergillus antigen values ranged from
1 to 2.5 COIL. Two patients had been treated with mica-
fungin (150 mg/body, 5 days or 23 days) previously but
were treated with liposomal amphotericin B (2.5 mg/kg, 6
days or 8 days) after the diagnosis. One patient had been
treated with voriconazole (400 mg/body, per os, 23 days)
previously but was treated with liposomal amphotericin B
(2.5 mg/kg, 24 days) after the diagnosis. Two patients ulti-
mately died due to aspergillosis, and the other patient died
due to transplantation-related lymphoma. All patients had re-
ceived allogeneic stem cell transplantation.

Discussion

An outbreak of invasive aspergillosis in a hematology
ward was confirmed by molecular methods in 1996 (13).
The Centers for Disease Control (CDC) reports that im-
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Table. Characteristics of Three Patients Diagnosed with Invasive Aspergillosis according to the EORTC/MSG Criteria.
Pt.  disease age max v.alue Infection EORTC/MSG treatment outcome  cause of death
of antigen focus criteria
1 AML 63 1 pneumonia probable MCEFG (150 mg/body 23 days)— dead aspergillosis
LAMB (2.5 mg/kg 8 days)
2 MM 65 2.5 pneumonia probable MCEFG (150 mg/body 5 days)— dead aspergillosis
LAMB (2.5 mg/kg 6 days)
3 AML 30 1 pneumonia probable VRCZ (400 mg/body po 5 months)— dead lymphoma

LAMB (2.5 mg/kg 24 days)

LAMB: liposomal amphotericin, MCFG: micafungin, VRCZ: voriconazole

munocompromised patients are at risk of aspergillosis during
hospital reconstruction; therefore, infection control for As-
pergillus is needed (10). For infection control in hospitals,
no standard recommendations are available regarding routine
microbiological air sampling before, during or after con-
struction or before or during occupancy of areas housing
immunocompromised patients. However, the CDC recom-
mended airborne-particle sampling as a tool to evaluate bar-
rier integrity (Category II) in 2003 (10). HEPA filtration is
known to Aspergillus
tion (14, 15). Mobile air treatment decontamination units
have been developed as an alternative to laminar air filtra-
tion. In our hospital, approximately 10 of the patients were
treated in mobile air treatment decontamination units or us-
ing laminar air filtration. The outbreak was difficult to re-
solve completely because standard air sampling techniques
and methods to predict Aspergillus outbreak have not been
reported. Therefore, we investigated infection control meas-
ures suitable for our hospital before and during hospital re-
construction in this study.

The first point to be discussed is serum galactomannan
testing. Yoshida et al. reported about recent advances in the
serodiagnosis of systemic fungal infections (16). Fujiuchi et
al. reported that serum galactomannan is useful as a prog-
nostic value in chronic pulmonary aspergillosis (17). In ad-
dition, Maezaki et al. evaluated serum (1, 3)-B-D-glucan and
Aspergillus galactomannan before and after construction in a
ward for patients with hematologic diseases (18). They
showed that the mean serum Aspergillus galactomannan
level was 0.3 COI before and 0.4 COI after construction in
60 patients (18). However, no patients had aspergillosis. Fur-
thermore, Kawakami et al. reported that there was a correla-
tion between increased fungal contamination from 4 AM to
8 AM and bronchial asthma attacks (19). This finding sug-
gests that the concentration of Aspergillus spores in the air
may change throughout the day. Many Aspergillus spores
may float transiently during situations such as peeling ceil-
ings, and patients with hematological malignancy may be at
a greater risk of inhaling spores at any moment than others.
Hamaki et al. reported that because patients who received
allogeneic stem cell transplantation had dysfunction of the
intestinal or bronchial mucosal barrier, fecal or bronchial ga-
lactomannan antigens might reach the circulation, thus lead-
ing to false-positive antigenemia (20). Kami et al. speculated
that Aspergillus might enter the bloodstream from the upper

reduce airborne contamina-

respiratory tract or catheter insertion sites and subsequently
be cleared without the development of invasive aspergillosis
in some patients (21). In our patients who receive chemo-
therapy or hematopoietic stem cell transplantation, galacto-
mannan antigens might reach the circulation due to the dys-
function of the intestinal or bronchial mucosal barrier. Based
on our finding of a high serum Aspergillus galactomannan
level in patients without aspergillosis in Fig. 4, most Asper-
gillus spores might be cleared without the development of
invasive aspergillosis, and only a few patients might develop
of invasive aspergillosis during insufficient infection control
for construction. We therefore considered the possibility of
false-positive responses as being a marker of airborne Asper-
gillus spore contamination in our patients. Finally, we found
that the mean serum Aspergillus galactomannan level of pa-
tients every 3 months was 1.3 COI before and 3.6 COI after
construction. In addition, there was a significant association
between the mean serum Aspergillus galactomannan level
and construction. We speculate that spores disseminated
from the construction area and were inhaled by the patients,
although we used portable HEPA filter units in some parts
of the hematology ward, sealed windows in the work area,
and constructed barriers to prevent dust from the construc-
tion areas spreading. This finding suggests that monthly sur-
veillance with frequent serum Aspergillus galactomannan an-
tigen and (1, 3)-B-D-glucan testing in the hematological
ward may be useful for predicting an invasive aspergillosis
outbreak. Furthermore, serum Aspergillus galactomannan an-
tigen should be examined every few days if health insurance
coverage is not limited.

The second point to be discussed is the rigorous surveil-
lance of patients with invasive aspergillosis. Although pa-
tients in our hospital had received antifungal therapy, an out-
break of invasive aspergillosis still occurred. Several factors
are involved in aspergillosis, including the patient’s immune
state, the history of antifungal therapy and the quantity of
Aspergillus spores. Therefore, an aggressive study using N95
masks, computed tomography, biopsies and serum galacto-
mannan testing should be performed to diagnose invasive as-
pergillosis, as even patients who receive antifungal therapy
might still develop aspergillosis. Furthermore, a report by
Chabrol et al. suggested that prophylaxis with voriconazole
or caspofungin is useful in limited situations (22). Our pa-
tients who developed aspergillosis had been treated with mi-
cafungin or voriconazole, so the antifungals were changed to
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liposomal amphotericin B. Thus, the dosage or antifungal
class must be reconsidered in order to control Aspergillus
infection completely during hospital reconstruction.

The third point to be discussed is the environmental as-
sessment and detailed communication with construction
workers. After the outbreak of invasive aspergillosis oc-
curred between December 2013 and January 2014, we con-
ducted an environmental assessment to determine the source
of transmission. We suspected the source of the outbreak
was the construction area on the 4th floor, which did not
have a unit with a negative pressure system to remove dust
from the construction workers, as no issues had been ob-
served with the air ventilation system on all floors. After
such a unit was constructed, no new cases of invasive asper-
gillosis were diagnosed. Therefore, frequent environmental
assessments and strong communication with construction
workers, especially during ceiling demolition, are critical for
preventing an Aspergillus outbreak.

We did not examine other hospital environments, such as
the bathrooms or patient rooms, outside of the corridor. Fur-
ther investigation is necessary to evaluate other potential
sources of Aspergillus contamination to predict outbreaks.
Furthermore, airborne-particle sampling should be investi-
gated as a tool to evaluate barrier integrity, although the
CDC recommends airborne-particle sampling as Category II.

In summary, many Aspergillus spores are transiently float-
ing during hospital reconstruction. Therefore, monthly sur-
veillance with frequent serum galactomannan antigen testing
to predict outbreaks and an environmental assessment to de-
termine the source of the outbreak are necessary. The sur-
veillance of all patients in the hematology ward is especially
important. Reconsideration of prophylactic antifungals may
also be required during hospital reconstruction.
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