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Abstract: The detection of Aspergillus antibody has a key role in the diagnosis of chronic pulmonary as-
pergillosis. Western blot (WB) and immunochromatography (ICT) lateral flow detection of Aspergillus
antibody can be used as confirmatory and screening assays but their comparative performance in
TB patients is not known. This study investigated the performance of these assays among 88 post-
tuberculosis patients with suspected CPA. Sensitivity, specificity, receiver operating curve (ROC),
area under-curve (AUC) and the agreement between two assays were evaluated. Both WB and
ICT showed good sensitivity (80% and 85%, respectively) for detection of Aspergillus antibodies.
Substantial agreement (0.716) between these assays was also obtained. The highest AUC result (0.804)
was achieved with the combination of WB and ICT. The global intensity of WB correlated with the
severity of symptoms in CPA group (p = 0.001). The combination of WB and ICT may increase
specificity in CPA diagnosis.

Keywords: chronic pulmonary aspergillosis; Western blot; immunochromatography

1. Introduction

Chronic pulmonary aspergillosis is the most common manifestation of aspergillosis in
patients with pre-existing lung conditions such as tuberculosis [1]. Persistent and progressive
pulmonary symptoms and lung tissue destruction occur in CPA with a high 5-year mortality
rate, ranging from 50% to 85% [2,3]. A recent study from Indonesia reported that 13% of patients
developed CPA at the end of TB therapy [4].

Accurate CPA diagnosis is still considered a challenging issue for clinicians [5]. Aspergillus
antibody measurement is the key diagnostic of CPA since symptoms and radiological appear-
ances of CPA overlap with TB and other fungal infections [6]. Commercially available Aspergillus
antibody serological assays include immunoprecipitation detection (IPD) (also in house as-
says used), enzyme-linked immunosorbent assay (ELISA), complement fixation, immunoblot,
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hemagglutination (which has poor performance), Western blot and immunochromatography
(ICT) lateral flow assay [7].

The Aspergillus Western blot (WB) IgG kit uses immunoblotting to detect at least
two of four key antibodies for CPA diagnosis. The number and intensity of bands varies
in different patients. Previous studies reported good performance of this assay among
various clinical presentations of aspergillosis [8,9]. However, there is no study of WB in a
population with high risk of CPA such as post-tuberculosis patients. We recently reported
the use of ICT in post-tuberculosis patients with 80% sensitivity and 70% specificity [10].
Unlike ICT, which is a qualitative method, the WB is a semi-quantitative antibody detection
assay which might help in quantifying Aspergillus IgG where automated ELISA is not
available. Very high baseline Aspergillus IgG titers reflect a better clinical response than
lower levels [11,12]. A fall in antibody concentration reflects response to antifungal therapy
and rising levels were observed after discontinuing therapy [13]. Therefore, this study
aimed to compare the performances of the WB and ICT for CPA diagnosis in Indonesia.
The findings are applicable to other limited resource countries.

2. Materials and Methods

Sera from 70 post-TB patients collected from April 2019 to February 2020 were tested
at the Mycology Laboratory, Faculty of Medicine, Universitas Indonesia in Jakarta by ICT
as previously described [10] followed by WB. The patients were adults (>18 years) who
presented to a respiratory clinic (Persahabatan National Respiratory Referral Hospital,
Jakarta, Indonesia) with symptoms following TB therapy. An additional 18 sera of post-TB
patients were tested by ICT and WB from the sera of adults (>18 years) who presented
to a respiratory clinic (Persahabatan National Respiratory Referral Hospital, Jakarta, In-
donesia and MH Thamrin Hospital, Jakarta, Indonesia) following TB therapy. The Ethics
Committee of the Faculty of Medicine, Universitas Indonesia approved the study (ND
071/UN2.F1/ETIK/PPM.00.02/2021). All patients provided consent.

Patients were divided into CPA and non-CPA groups. Those in the CPA group fulfilled all
these criteria: (1) presence of at least one of the following pulmonary symptoms for ≥3 months:
cough, hemoptysis, dyspnea, fatigue and/or chest pain; (2) evidence of Aspergillus spp. from
sputum culture, (3) cavitation and/or fungal ball from radiological findings suggestive of CPA
and (4) negative GenXpert TB and/or negative acid-fast bacilli (AFB) smear. Chest radiology
interpretations were assessed by a senior radiologist from the local hospital. The definition of
CPA was based on Denning et al. with some modifications [5]. We did not include detection of
Aspergillus antibody test in our diagnosis criteria because we wanted to compare the diagnostic
performance of the serology tests (WB and ICT) and the quantitative Aspergillus IgG test is not
available in Indonesia. A single induced sputum from every patient was cultured on Sabouraud
dextrose agar with high volume cultures [14]. Sputum inductions were performed with 3%
NaCl solution according to the hospital protocol.

Detection of Aspergillus IgG was performed using Western blot (LDBio Diagnostics,
Lyon, France). Meanwhile, the Aspergillus IgG and IgM presence was tested using ICT
(LDBio Diagnostics, Lyon, France). All tests were run according to manufacturer’s guidance.
ICT results were reported as a qualitative result (positive or negative). Meanwhile, WB
results were reported as weak positive, strong positive, or negative, number of bands and
global intensity, as described previously [8].

Statistical analysis was performed using SPSS version 25 (SPSS Inc., Chicago, IL, USA).
Fisher exact test, chi-square and student t-test were use for the descriptive statistics. We
utilised pre-existing data from our previous study [10] to perform statistical analyses of
clinical, radiological and laboratory variables. The agreement between ICT and WB was
evaluated using Cohen’s Kappa coefficient. McNemar’s test was used to compare the
sensitivity and specificity between these two assays [15]. Receiver operating curve (ROC)
analyses were assessed and area under-curve (AUC) values with 95% confidence intervals
were reported for WB, ICT and combinations of these two platforms.
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3. Results
3.1. Patients and Clinical Characteristics

Eighty-eight patients with suspected recurrent pulmonary TB were enrolled in the
study. Eighteen (20%) patients met criteria for CPA (Table 1). The most frequent symptom
was fatigue (41%, n = 36), followed by dyspnea (38%, n = 33), cough (33%, n = 29), hemopt-
ysis (28%, n = 25) and chest pain (21%, n = 18). Infiltrates (66%, n = 58), cavitation (57%,
n = 50), bronchiectasis (36%, n = 32) and pleural thickening (22%, n = 19) were commonly
observed in chest radiology. CT scan were available in 53% (n = 47) patients, while the rest
of the patients had chest x-ray. Diabetes mellitus appeared to be the most prevalent chronic
disease in our study. The median time from history of TB therapy before recruitment was
8.5 (range: 1–244) months.

Table 1. Patient characteristics.

Variables All (n = 88) CPA (n = 20) Non CPA(n = 68) p-Value

Gender

Male 61 (69%) 14 (70%) 47 (69%)

Female 27 (31%) 6 (30%) 21 (31%) 0.940

Age, mean (range) 49 (18–79) 50 (28–66) 49 (18–79) 0.919

Chronic diseases

Diabetes mellitus 11 (13%) 7 (39%) 4 (6%) 0.002

Hypertension 8 (9%) 1 (6%) 7 (10%) 0.676

Asthma 6 (7%) 1 (6%) 5 (7%) 1

Chronic obstructive
pulmonary disease 9 (10%) 2 (11%) 7 (10%) 1

Duration of TB therapy
(range), months 9 (2–26) 13 (9–17) 8 (7–9) <0.001

TB therapy >6 months 34 (39%) 13 (65%) 21 (31%) 0.007

Time from end of TB
therapy to recruitment

(months), median (range)
8.5 (1–244) 5 (1–56) 9 (1–244) 0.245

Smoking history 50 (57%) 14 (70%) 36 (53%) 0.176

3.2. Culture Results

The most common species isolated was Aspergillus fumigatus (n = 37, 42%), followed
by A. niger (n = 22, 25%) and A. flavus (n = 2, 2%). Among 20 patients in the CPA group,
15 patients had positive A. fumigatus cultures, six of which were mixed with A. niger. The
remaining five CPA patients only grew A. niger in their culture.

Twenty-three patients (68%) had positive Aspergillus culture from 34 patients with
positive WB tests. The same number of patients (n = 23, 64%) had positive Aspergillus
culture from 36 patients with positive ICT tests. However, these 23 patients were not
exactly the same patients from both groups. Twenty patients grew Aspergillus and had
positive tests for both WB and ICT tests.

3.3. Western Blot and ICT Results

The strong positive and weak positive rate of WB among 88 patients were 23.1% (n = 23)
and 12.5% (n = 11), which together result in 39% (n = 34) positives. Of the 20 sera tested in the
CPA group, 16 showed positive results by WB with 80% sensitivity (Table 2). In the non-CPA
group, 50 of the 68 sera showed negative results by WB with 73.5% specificity. There was
significant difference of WB positive results in CPA (n = 16) and non-CPA (n = 18) group (80%
vs. 26%, p < 0.001).
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Table 2. Diagnostic performances of Aspergillus Western blot and immunochromatography (ICT) tests.

Test % Sensitivity (95% CI) % Specificity (95% CI) AUC ROC

Western blot 80 (56.3–94.3) 73.5 (61.4–83.5) 0.768
ICT 85 (62.1–96.8) 72.1 (59.9–82.3) 0.785

Western blot + ICT 80 (56.3–94.3) 80.9 (69.5–89.4) 0.804

The 16 and 18–20 kDa WB bands were the most prevalent (80%) bands appearing in the
CPA group, while the 16 kDa WB band was the most common (32%) band in the non-CPA
group (Figure 1). The proportion of all four WB bands (80% vs. 32% for 16 kDa, 80% vs. 29% for
18–20 kDa, 65% vs. 18% for 22 kDa and 70% vs. 15% for 30 kDa) was significantly higher in the
CPA group than in the non-CPA group (p < 0.001 in all of the bands). Patients in the non-CPA
group had lower (p < 0.001) median global intensity (median = 0, IQR (0–3.75)) than those in
the CPA group (median 10.5, IQR (3.25–14)) (Table 3). Number of symptoms in the CPA group
(median = 2, IQR (2–3)) was higher (p = 0.005) than in the non-CPA group (median = 1, IQR
(0–2)). The WB global intensity showed correlation with the number of symptoms in the CPA
group (p = 0.001), but not in the non-CPA group (p = 0.752).
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Figure 1. The distribution of Aspergillus WB banding profile in chronic pulmonary aspergillosis (CPA)
and non-CPA groups. (A) The CPA group had a higher proportion of all four bands (16, 18–20, 22 and
30 kDa) compared to the non-CPA group (p < 0.001 in all comparisons). (B) The number of patients
with 4 bands was significantly higher (p < 0.001) in the CPA group (65%) compare to the non-CPA
group (10%).
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Table 3. Western blot global intensity and number of symptoms in CPA and non-CPA groups.

All (n = 88) CPA (n = 20) Non-CPA (n = 68) p-Value

WB Global
intensity

Median 0 10.5 0 <0.001

Mean (95% CI) 3.5 (2.4–4.6) 8.75 (6.1–11.4) 2 (1.1–2.8)

Interquartile range 0–6.75 3.25–14 0–3.75

Maximum 0 0 0

Minimum 15 15 15

Number of
symptoms

Median 1.5 2 1 0.005

Mean 1.6 (1.3–1.9) 2.3 (1.8–2.8) 1.4 (1.1–1.7)

Interquartile range 0–3 2–3 0–2

Maximum 0 0 0

Minimum 5 5 4

WB global intensity
& number of

symptoms
correlation (p)

0.010 0.001 0.752

ICT results were classified as positive and negative results. Thirty-six patients (41%)
had positive results and 52 (59%) patients had negative results. Of the 20 sera tested in CPA
group, 17 showed positive results by ICT with 85% sensitivity. In the non-CPA group, 49 of
the 68 sera showed negative results by ICT with 72.1% specificity. There was significant
difference of ICT positive results in CPA and non-CPA group (85% vs. 28%, p < 0.001). The
best AUC was achieved with a combination of ICT and WB (0.804). The examples of ICT
and WB results are shown in Figure 2.
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Figure 2. Examples of ICT and WB results from a CPA patient. (A) ICT positive result. (B) WB
positive result with global intensity: 9.

Comparing WB and ICT, 76 (86%) results from the patients were in complete agreement
and Cohen’s Kappa was 0.716 (95% CI 0.567–0.864), indicating substantial agreement
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between these two methods (Figures 3 and 4). There were 12 (14%) discordant results
between the WB and ICT tests. Five WB tests were positive when ICT was negative and
seven WB tests were negative when ICT was positive. The sensitivity and specificity rate
of both assays were not statistically different (p = 1 both in CPA and non-CPA patients,
McNemar’s test). At least one band of Aspergillus IgG antibody was detected in 11 patients
(12.5%) (Figure 3), as expected with a ubiquitous airborne pathogen.
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4. Discussion

The present study has evaluated the performance of ICT and WB to diagnose CPA
in post-tuberculosis patients with persistent symptoms. Both assays demonstrated good
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performance with 80% sensitivity for WB and 85% sensitivity for ICT. The sensitivity and
specificity rate of both assays were comparable. In other studies of CPA, the sensitivity
ranged from 86.7% to 93.4% for WB and from 80% to 89.8% for ICT [8–10]. Combination
of both assays appeared to increase specificity (80.9%) and achieved the best AUC (0.804).
This study is the first to report on the performance of WB in resource limited environments.

The level of agreement between these two tests in our study (Cohen’s Kappa 0.716)
was higher than in the previous study (Cohen’s Kappa 0.558) [9]. The difference in Cohen’s
Kappa reflected difference CPA prevalence in the population of these studies. Therefore,
Cohen’s Kappa is not suitable for comparisons between different studies and popula-
tion [16]. Among 12 discordant results, five patients had a weak positive WB result with
negative ICT tests. All of these five patients were classified as non-CPA. Three of these five
patients showed positive Aspergillus culture, but no radiology suggestive of CPA and/or
symptoms. These might indicate Aspergillus colonisation in the context of bronchiectasis
with WB global intensity 4 in all three patients as previous study reported sensitivity of
73.2% of WB for detection of Aspergillus colonisation [8]. Another two of these five patients
without antibody had prominent radiology findings with multiple cavities without positive
cultures or symptoms. This might represent an early phase of CPA, or more likely subtle
immunodeficiency and false negative antibody tests as recently described [17]. WB might
be used to detect early stages of CPA while ICT remains negative.

The difference in sensitivity between ICT and WB was caused by a discordant result
in only one CPA patient. WB failed to detect the IgG in this patient with CPA symptoms
(chronic cough, dyspnea and fatigue) and multiple cavities in both lungs. This patient had
positive result of A. fumigatus culture. This may be due to the ability of ICT to detect IgM
in addition to IgG, as the presence of IgM was reported in up to 50% of CPA cases [18–20].
Elevated IgM levels in patients after surgery for aspergilloma was detected, while the IgG
existed in low level [19]. Therefore, it might be possible that in our study only IgM was
detected as immunological response in CPA. It could be hypothesised that IgM was detected
following a re-stimulated immune response to new and different Aspergillus antigens as
each growth cycle of Aspergillus can produce various Aspergillus antigens [21,22]. Guo et al.
reported limited diagnostic capacity of Aspergillus IgM for CPA diagnosis (sensitivity 58.8%
and specificity 68%) [23].

This is the first study evaluating the WB banding patterns of different Aspergillus species
since the previous study included analyses for A. fumigatus cases only [8]. The most common
WB band in CPA with A. fumigatus positive culture is the 16 kD (89%, n = 8) and 18–20 kD
(89%, n = 8). Meanwhile all WB bands were seen at the same rate (60%, n = 3) in CPA with A.
niger positive culture. The correlation between WB global intensity and number of symptoms
was revealed in our study. A recent study showed potential usefulness of the Aspergillus
IgG titer in monitoring relapse in CPA [12]. Future study is required to explore potential
use of a semi-quantitative WB global intensity for monitoring CPA patients from clinical or
radiology perspectives.

There were 47 patients with both ICT and WB negative results. These 47 patients
consist of 44 non-CPA patients and three CPA patients. Of these three CPA patients with
negative serology, two had positive culture for A. niger and one had mixed-culture of
A. fumigatus and A. niger. There is a possibility that A. niger will cause a false negative
in the serology tests of ICT and WB since the antigens coated in both of the platforms
were antigens from A. fumigatus [22]. However, we found 9 CPA patients (4 mixed with
A. fumigatus, 5 only A. niger) with positive A. niger culture showed a positive result of
ICT and WB. Future study is needed to determine the Aspergillus species-related antibody
patterns to assist the definite diagnosis of CPA. All patients with a positive GenXpert
result for Mycobacterium tuberculosis were classified as non-CPA in this study, but we know
from our work and others that dual infection is also possible [24–26]. Interpretation of the
radiological findings in this context is difficult and subjective.

There was no difference in the median global intensity between CPA with A. niger
only (8, range 0–14) and CPA with A. fumigatus (11, range 0–14) only (p = 0.346). A recent
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study on allergic bronchopulmonary aspergillosis reported a strong correlation between
IgG specific A. fumigatus and IgG specific A. niger [27]. A large seroprevalence study from
Taiwan revealed high correlation (Spearman correlation coefficient: 0.942) between IgG
specific A. fumigatus and IgG specific A. niger using automated ImmunoCAP systems [28].
However, there is still the probability of a different immunological response between these
two species which might cause a false negative result of ICT and WB in our study. A.
niger is an especially common cause of CPA in diabetic patients and may lead to systemic
oxalosis [29–31]. Alternatively, the A. niger isolated could be an airway contaminant,
obscuring infection with A. fumigatus, which can be difficult to grow in these patients. This
study has the shortcoming of the small sample size regarding interspecies variety of IgG
response between A. fumigatus and A. niger. Furthermore, our criteria for diagnosis of CPA
did not include serology, only microbiology. This may have underestimated the prevalence
of CPA as culture is known to be less sensitive than serology.

In conclusion, this study reports comparable performance of WB and ICT for the
diagnosis of CPA in post-tuberculosis patients. The procedure of ICT is simpler and faster
than WB. The WB tests require specific skills and laboratory facilities. However, WB may
be used as a confirmatory test for CPA. The use of WB band profile and global intensity for
early detection of CPA should be explored in a larger study.
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