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Objectives: To improve the quality of invasive pulmonary
aspergillosis (IPA) management for intensive care unit
(ICU) patients using a practical diagnostic scoring
model.

Methods: This nested case-control study aimed to
determine the incidence of IPA in 405 ICU patients,
between July 2012 and June 2014, at 6 hospitals in Jakarta,
Indonesia. Phenotypicidentificationsand galactomannan
(GM) tests of sera and lung excreta were performed in
mycology laboratory, Parasitology Department, Faculty
of Medicine, Universitas Indonesia in Jakarta, Indonesia.
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Results: The incidence of IPA in the ICUs was 7.7% (31
of 405 patients). A scoring model used for IPA diagnosis
showed 4 variables as the most potential risk factors:
lung excreta GM index (score 2), solid organ malignancy
(score 2), pulmonary tuberculosis (score 2), and systemic
corticosteroids (score 1). Patients were included in a
high-risk group if their score was >2, and in a low-risk
group if their score was <2.

Conclusion: This study provides a novel diagnosis
scoring model to predict IPA in ICU patients. Using
this model, a more rapid diagnosis and treatment of IPA
may be possible. The application of the diagnosis scoring
should be preceded by specified pre-requisites.
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Invasive pulmonary aspergillosis (IPA) is a spectrum
of invasive infection due to Aspergillus that may be
life-threatening in immunodeficient patients."” It is
usually preceded by colonization of the airways with
Aspergillus conidia.’ Prolonged neutropenia, hemato-
oncological malignancy, bone marrow and solid organ
transplant have been reported as IPA risk factors.*> The
emergence of other risk factors in critically ill intensive
care unit (ICU) patients such as systemic corticosteroid
therapy, as well as chronic obstructive pulmonary
disease (COPD), influenza, liver cirrhosis, and diabetes
might contribute to the raised incidence of IPA.%”

The incidence of IPA varies, depending on patient
population and local epidemiology.®’ In the ICUs of
several European countries, the incidence rate has
been reported to be between 0.3-6.9%.>'° Diagnosis
of IPA is considered difficult because of the atypical
clinical symptoms, and the results of routine laboratory
tests and radiological features of IPA are difficult
to distinguish from other diseases.'"'? The standard
diagnostic procedure is a cultured tissue biopsy.
However, obtaining biopsies is almost impossible in
critically ill patients and tissue biopsy culture is time-
consuming,.

Galactomannan (GM) antigen detection has
shown promising results for the rapid diagnosis of
IPA." Detection of GM in serum with an index of
>0.5 is useful for early diagnosis of IPA in neutropenic
patients, but it is not considered a suitable marker in
non-neutropenic patients." Galactomannan antigen
detection of lung excreta, for example, using broncho-
alveolar lavage, bronchial washing, and endotracheal
tube (ETT) aspirates, has a higher sensitivity than that
of serum, both in neutropenic and non-neutropenic
patients."*" Invasive pulmonary aspergillosis diagnosis
consists of 3 categories, based on the guidelines of the
European Organization for Research and Treatment of
Cancer/Mycoses study group (EORTC/MSG), namely,
proven, probable, and possible.’® These diagnostic
criteria are less practical due to limited usefulness for
research and due to certain risk factor conditions, and
are difficult to apply in daily practice, including ICU
patients.'”'® These limitations cause delays in treatment
and worsen the prognosis."’

To address this situation, several methods of
diagnosis have been proposed in the form of diagnostic
algorithms and scoring models.'”'® These models are
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practical but have limitations because they require
an Aspergillus culture of clinical materials, which is
insensitive and time-consuming. There is no agreed
model for diagnosis, and obstacles in establishing a
diagnosis contribute to the high mortality rate in IPA.*
In ICU patients, mortality rates have been reported to
be between 46-72%.%*' Delaying antifungal treatment
increases the risk of death in IPA patients, and results in
high costs due to a longer hospital stay and an increased
number of drugs and medical devices.”’ This study
aimed to improve the quality of IPA management in
ICU patients, based on a scoring model of IPA diagnosis
that could be used practically.

Methods. This study was part of a multicenter cohort
study to determine the IPA incidence in ICU patients
at 6 hospitals in Indonesia between July 2012 and June
2014. The study was approved by the Ethics Committee
of the Faculty of Medicine in an appropriately accredited
university in Jakarta, Indonesia, following the principles
of the Helsinki Declaration.

Study participants who met the inclusion criteria
comprised 405 ICU patients 215 years old suspected
as having IPA. The inclusion criteria comprised patients
with one of the following conditions: patients with
fever unresponsive to adequate antibiotics, neutropenic
hemato-oncology patients with signs of infection,
cancer chemotherapy recipients within the last 3 months
prior to ICU admission, patients having received
corticosteroid therapy for at least 7 days prior to ICU
admission or having received cumulative doses over
250 mg of methylprednisolone in the last 3 months,
patients undergoing a prolonged ICU stay (>21 days),
patients suffering from liver cirrhosis, patients with
COPD, HIV-infected patients with impaired/lung
disease, or patients receiving other immunosuppressive
treatments (for example, tacrolimus, cyclosporine, or
methotrexate). Patients who did not meet these criteria
but who showed clinical symptoms of invasive mycoses
(pleuritic pain, pleural rub), or who had one of the
symptoms of lower respiratory tract infection (such
as increased sputum secretion, shortness of breath, or
hemoptysis), or patients with new infiltrates evident
on chest plain radiographs were also included in the
study. Exclusion criteria included patients/families
who declined to participate and those having received
systemic antifungal therapy within the previous month.
A scoring model for IPA diagnosis was determined using
a nested case-control design. The case group comprised
patients who met the diagnostic criteria of probable/
putative IPA, whereas the control group was determined
through randomization of patients who did not suffer
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from IPA. Phenotypic identifications and GM antigen
detections of sera and lung excreta were undertaken in a
medical department mycology laboratory in Indonesia.
Molecular typing and identification were performed in
a microbiology laboratory in the Netherlands.

A scoring model for IPA diagnosis was obtained
using multivariate logistic regression analysis, Statistical
Package for Social Sciences Version 19.0 (IBM Corp.,
Armonk, NY, USA). Variables with a p-value of <0.2
were included in the multivariate analysis, while
variables with a p-value of >0.2 could still be included
in the analysis if they were considered to affect the
analysis or epidemiological data. Odds ratios (OR) and
95% confidence intervals (CI) were used to estimate
the relative risk (RR). The scoring model was created
by entering a value proportional to the OR and using
adjusted logistic regression models.

Results. Of the eligible patients, 405 ICU
patients completed the study and of these, 31 (7.7%)
were diagnosed with IPA. Therefore, the case group
comprised 31 patients, and the control group comprised
124 patients. The incidence rate of IPA in this study
was slightly higher than in European countries as it
included patients with established and non-established
risk factors. The incidence rates for IPA in developing
countries tend to be higher due to the massive and
less selective use of antibiotics and corticosteroids, the
higher rate of tuberculosis (TB) cases as the underlying
disease in IPA, and the lack of data from autopsies.

There was no statistically significant difference
between the case and control groups in terms of gender
(»=0.871) and age (p=0.772 and p=0.812). Most of
the patients in both groups were aged >60 years. Older
patients are more at risk because of immunosenescence,
dysregulation of immune function that renders elderly
patients more susceptible to infections, autoimmune
diseases, and malignancies.

Furthermore, a bivariate analysis was conducted and
variables with a p<0.2 were included in the multivariate
analysis. Certain variables that were considered to affect
the prediction of IPA diagnosis were also included in the
analysis, despite having a p>0.2, according to previous
studies.'® Sixteen variables were included to build a
scoring model to predict IPA (Table 1).

Multivariate analysis was conducted, and the
backward method was applied to obtain the variables
considered as high-risk factors for IPA, namely, the
GM value of lung excreta, solid organ malignancies,
pulmonary TB, and the use of systemic corticosteroids.
The scoring model for IPA diagnosis was then conducted
to facilitate a practical application. The scores were as
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follows: lung excreta GM: 2.301=2, pulmonary TB:
2.196=2, solid organ malignancy: 2.179-2, and systemic
corticosteroid use score: 1. If the study participant had
more than one variable determinant, then the score was
calculated with a maximum total of 7 (Table 2).

The next step was to determine the discrimination
value to predict IPA based on receiver operating
characteristic (ROC) curve analysis. Further calculations
were performed to determine the diagnostic value of
various intersection points. Our analysis determined
a diagnostic cut-off of 2 for IPA. This cut-off point
showed high sensitivity (77.4%) and an acceptable
specificity (48.4%). High sensitivity is useful to predict
an early diagnosis of IPA and provides the basis for
early antifungal administration. However, a score of 3
produced higher specificity (82.3%), but the sensitivity
was lower (48.4%) and could cause diagnostic delay
(Figure 1).

The prediction of a patients probability to suffer
from IPA was determined based on regression analysis
of the various scores (Table 3). If a patient had a score
of 2, the IPA probability was 20.6%. In that case, the
antifungal administration should be considered since
IPA mortality is remarkably high (Appendix 1).

The suitability of the scoring model with a diagnosis
in the case group (patients with IPA) and the control
group (patients who did not suffer from IPA) is shown

Table 1 - Variables included in the model analysis to predict IPA.

Variables P-value OR Min Max
GM of lung excreta (ROC>1.88) 0.042 227 1.02 5.05
Pulmonary TB 0.066 2.72 097 7.63
Renal failure 0.128 049 020 1.24
Solid organ malignancies 0.139 229 0.84 6.29
Shortness of breath 0.150 225 0.73 6.94
Cough 0.168 1.79 0.78 4.10
CVD 0.186 1.70 0.77 3.77
Lung edema & infiltrates (seen on CXR)  0.199  2.55 0.58 11.30

Leukocyte 0.248 1.00 1.00 1.00
Fever 0.260 1.58 0.71 3.54
Corticosteroid use 0.263 1.63 0.69 3.87
GM of serum 0.410 0.72 032 1.59
COPD 0.467 0.31 0.04 249
Diabetes mellitus 0.527 0.74 0.29 1.88
Mechanical ventilation 0.540 0.66 0.22 2.00
Sepsis 0.628 122 0.55 2.67

IPA - invasive pulmonary aspergillosis, ROC - receiver operating
characteristic, OR - odds ratio, TB - tuberculosis, CVD - cardiovascular
disease, CXR - chest X-ray, GM - galactomannan, COPD - chronic
obstructive pulmonary disease.
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Table 2 - Model conversion to a scoring model for the diagnosis of IPA.

Variables B SE Wald P-value OR B/SE (B/SE) Score
0.753

GM of lung excreta 0.733 0.423 2.995 0.084 2.08 1.73286 2.301 2

Pulmonary TB 0.893 0.540 2.698 0.100 2.43 1.65370 2.196 2

Organ malignancy 0.886 0.540 2.735 0.098 2.44 1.64074 2.179 2

Corticosteroid use 0.345 0.458 0.565 0.452 1.41 0.75327 1.000 1

Total score 7

IPA - invasive pulmonary aspergillosis, B - coefficient variable, SE - standard error, OR - odds ratio, GM - galactomannan,

TB - tuberculosis. The scoring calculation was based on a coefficient value of logistic regression analysis (B) divided by the

standard error (SE) value of each variable. Subsequently, determination of the variable index was based on the variable with
the lowest value (corticosteroid use: 0.753).

100 \ ——
80 el
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20 /
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Figure 1 - Sensitivity and specificity curves. Sensitivity and specificity
curves were used to determine the optimal cut-off value.
There were 2 alternative points of intersection: a score of 2
(sensitivity 77.4%, specificity 48.4%) and a score of 3 (48.4%
sensitivity, 82.3% specificity).

in Table 4. The case group comprised 31 patients. There
were 24 patients with a total score of >2 included in the
high-risk group and we recommended these patients to
start appropriate antifungal therapy, 7 patients with a
total score of <2 were classified into the low-risk group
and antifungal therapy was not required. This was in
accordance with the internal validation test results
based on the area under the curve (AUC) value (AUC:
0.685, 95% CI: 0.571-0.789).

Discussion. The scoring model for IPA diagnosis
in this study differs from that of previous studies as
it does not include positive Aspergillus culture as a
predictor variable.'®' This is an advantage since cultures
are time-consuming with low sensitivity. However,
Aspergillus cultures should be pursued in laboratories
with complete facilities to exclude the cross-reactivity of
GM detection, increase the accuracy of IPA diagnosis
and detect azole resistance.?>??

Table 3 - Association of a possible patient score and

IPA probability.

Patient’s score IPA probability (%)
0 10.4

1 14.8

2% 20.6*

3 28.0

4 36.8

5 46.6

6 56.6

7 66.1

IPA - invasive pulmonary aspergillosis.
*the cut-off value was a score of 2 and IPA probability
was 20.6%.

Table 4 - The suitability of a diagnosis using the scoring model.

Cases criteria (scoring model) Case group Control group  Total
High-risk group (>2) 24 64 88
Low-risk group (<2) 7 60 67
Total 31 124 155

Sensitivity and specificity values were determined using a counting step
were as follows: sensitivity= (24/31) x 100%=77.4%, and specificity=
(607124) x 100%= 48.4%.

One limitation in this study was that serial GM
testing could not be performed due to financial
considerations. It is necessary to perform serial GM
testing for re-assessment of risk factors because
the disease course could be progressive.”* In such
circumstances, an unstable clinical situation might
occur which could change the IPA score from low-risk
(<2) to high-risk (>2). Patients initially considered in the
low-risk IPA group without specific clinical symptoms
and radiological abnormalities were classified as having
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silent IPA’ (an early disease course). With clinical
deterioration, re-scoring could be performed to include
repetition of the GM test and re-evaluation of other
risk factors (systemic corticosteroid therapy, solid organ
malignancy or pulmonary tuberculosis). If re-scoring
showed that patients needed to be re-classified into a
high-risk group, then patient management could be
changed and antifungal therapy administered.

Galactomannan antigen detection can be performed
for early detection of IPA as the results are much
more quickly obtained than tissue culturing. Invasive
pulmonary aspergillosis can be detected in blood from
5-8 days prior to the onset of clinical symptoms, and
from 7-12 days prior to the appearance of computed
tomography (CT) scan abnormalities. Galactomannan
antigen detection in  bronchial secretions s
recommended as the preferred screening test for IPA in
high-risk patients as it has an excellent negative predictive
value. Sensitivity and specificity of GM detection vary
due to many factors, such as age, underlying diseases,
certain antimicrobial use and duration of antifungal
therapy.'*? The serum GM index cut-off point used in
this study was 0.51. The p-value of serum GM in the
case group compared to the control was not significant
(p=0.41) and the OR of 0.72 indicated that GM serum
in this study was not an effective predictor of IPA. Lung
excreta GM had a cut-off point of 1.88 and compared
to the control group was significant (p=0.041), and the
OR of 2.27 indicated that the value of lung excreta GM
was a much better predictor of IPA compared to serum
GM.

The existence of GM in lung excreta is related to
Aspergillus invasion into the airways, while the presence
of GM in serum is related to further penetration
of Aspergillus hyphae through the endothelial cell
wall.? In non-neutropenic patients, Aspergillus does
not always invade blood vessels, so the GM does not
readily enter the bloodstream and neutrophils could
have eliminated the GM. In non-neutropenic patients,
serum GM was detected in lower concentration levels
and was not reliable to predict IPA.¥ However, in
neutropenic patients, Aspergillus infection might cause
angioinvasion, so that GM could be easily released
into the bloodstream.””* In a neutropenic condition,
GM is not properly eliminated from the bloodstream,
so the serum GM is detected in higher concentrations
and potentially predicts IPA in neutropenic patients;
whereas, in non-neutropenic patients, serum GM is
detected in lower concentrations or remains negative
and is therefore, unlikely to predict IPA.¥” The GM
concentration might reflect fungal burden; therefore,
the examination of serial GM could be used to predict
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the prognosis or monitoring of the treatment response.
However, GM detection should be combined with
other tests such as culture, a CT scan, or polymerase
chain reaction (PCR) testing for an optimal benefit.”’
The accuracy of IPA diagnosis could prevent excessive
use of antifungal drugs, health care costs could be
decreased, and the emergence of resistant strains could
be prevented.

The high-resolution CT (HRCT) scan of the chest
actually provides a more specific radiology result and
diagnostic value. However, due to limited facilities and
financial issues in carrying out the HRCT, this study
only use the chest X-ray instead of the CT scan. Some
other study groups are also aware with the limited access
to HRCT, especially in low-middle income country
(LMIC), so that the use of chest X-ray is still acceptable
for the diagnosis.'”*

This scoring model might be used to screen for
IPA but should be accompanied with more definite
reference tests undertaken in appropriate health
facilities, including the standard culture-based method
to isolate Aspergillus as well as non-culture-based PCR
methods.?"# To avoid excessive diagnosis that may lead
to over-treatment due to the application of this scoring
model, it is necessary to consider the pre-requisite
conditions of inclusion criteria that must be met by
each patient. The use of this scoring model in different
hospitals or other patient groups, also needs the external
validation to be performed.

With a more precise diagnosis, selective antifungal
drugs could be given to prevent excessive health costs.
If the initial scoring showed patients to be included
in a high-risk category, systemic antifungal drugs
should be given but when culture results show no
growth of Aspergillus and clinical conditions improve
then administration of antifungal drugs should be
reconsidered through taking into account all clinical
aspects. Clinical monitoring should be continued until
the patient’s condition is stable and improving. External
validation of the scoring model of IPA diagnosis is
necessary to determine its validity before it could be
applied regularly. Studies regarding the susceptibility
profile of Aspergillus derived from the environment also
need to be performed to anticipate the emergence of
resistant species that could complicate IPA management.

In conclusion, this scoring model for diagnosing
IPA in the ICU was based on 4 variables with the
highest potential risk factors, namely, the value of
lung excreta GM (score 2), solid organ malignancy
(score 2), pulmonary tuberculosis (score 2), and the
use of systemic corticosteroids (score 1). Patients were

regarded at high risk of developing IPA if they scored
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>2, whereas a score <2 revealed a low risk of developing
IPA. The application of this scoring model should be
preceded with certain pre-requisites. External validation
is necessary prior to this model being applied regularly.
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Appendix 1 - Clinical application of the scoring model for diagnosis of invasive pulmonary aspergillosis (IPA). In
this scenario, the patient had 2 risk factors: a galactomannan (GM) index of endotracheal tube (ETT)
aspirates >1.88, and pulmonary tuberculosis (TB) was positive. Therefore, the IPA score was 4 and
the IPA probability was 36.8% (high-risk group). Antifungal administration is recommended for the
patient.

CLINICAL APPLICATION OF A SCORING MODEL FOR
INVASIVE PULMONARY ASPERGILLOSIS (IPA)
Case illustration
An ICU patient was suspected of having IPA. He/she also suffers from pulmonary TB infection, but
has no solid organ malignancy or history of systemic corticosteroid use. Serum GM index was 0.75
(cut-off 0.5) and GM index of ETT aspirate was 2.35 (cut-off 1.88). What is the probability of the
patient having [PA?
Form of IPA Prediction
Table A. Scores based on patient’s condition Tabel B. Patient’s score and IPA probability
GM index of ETT aspirate 0 10.4
[ < 1.88 (score of 0)
= 1.88 (score of 2) e 1 148
2% 20.6
Pulmonary TB 3 28.0
O Negative (score of 0) 5
. Positive (score of 2) 4 36.8
5 46.6
Solid organ malignancy 6 56.6
. Neg.a.tive (score of 0) 0 7 66.1
O Positive (score of 2)
* Cut-off score
Systemic corticosteroid
. Negative (score of 0) 0
S ]
Patient’s total score  : 4
TOTAL SCORE 4 Risk classification ~ : High-risk group
IPA Probability 136.8%
Risk classification of IPA .
. High-risk group (score >2) Recomnilendatmn/t.reat?]ent
O Low-risk group (score <2) Appropriate systemic antifungal
administration (voriconazole i.v)
IPA probability 36.8
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