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Abstract

Chronic pulmonary aspergillosis (CPA) complicates underlying lung disease, including treated tuberculosis.
Measurement of Aspergillus-specific immunoglobulin G (IgG) is a key diagnostic step. Cutoffs have been
proposed based on receiver operating characteristic (ROC) curve analyses comparing CPA cases to healthy
controls, but performance in at-risk populations with underlying lung disease is unclear. We evaluated
optimal cutoffs for the Siemens Immulite Aspergillus-specific IgG assay for CPA diagnosis in relation to
large groups of healthy and diseased controls with treated pulmonary tuberculosis. Sera from 241 patients
with CPA attending the UK National Aspergillosis Centre, 299 Ugandan blood donors (healthy controls), and
398 Ugandans with treated pulmonary tuberculosis (diseased controls) were tested. Radiological screening
removed potential CPA cases from diseased controls (234 screened diseased controls). ROC curve analyses
were performed and optimal cutoffs identified by Youden J statistic. CPA versus control ROC area under
curve (AUC) results were: healthy controls 0.984 (95% confidence interval 0.972–0.997), diseased controls
0.972 (0.959–0.985), screened diseased controls 0.979 (0.967–0.992). Optimal cutoffs were: healthy controls
15 mg/l (94.6% sensitivity, 98% specificity), unscreened diseased controls 15 mg/l (94.6% sensitivity, 94.5%
specificity), screened diseased controls 25 mg/l (92.9% sensitivity, 98.7% specificity). Results were similar in
healthy and diseased controls. We advocate a cutoff of 20 mg/l as this is the midpoint of the range of optimal
cutoffs. Cutoffs calculated in relation to healthy controls for other assays are likely to remain valid for use in
a treated tuberculosis population.

Key words: Aspergillus fumigatus, aspergillosis, CPA, aspergilloma, immulite 2000.

Introduction

Chronic pulmonary aspergillosis (CPA) is a serious disease that
complicates pulmonary disorders including treated tuberculosis.
It leads to severe disability and death but can be treated effec-
tively with antifungal drugs or surgery.1–7 The estimated global
five-year point prevalence of CPA secondary to pulmonary tu-
berculosis is 0.8 to 1.37 million cases.8

International CPA guidelines state that evidence of As-
pergillus infection is required for diagnosis in addition to ra-
diological and clinical features.9,10 In addition to positive cul-

tures, raised levels of Aspergillus-specific immunoglobulin G
(IgG) are normally present and are accepted as evidence of in-
fection.2,3,11–15

Exposure to Aspergillus is ubiquitous. Most adults have some
degree of antibody response. The identification of an optimal
cutoff to define raised levels is critical.16,17

Aspergillus-specific IgG levels can be measured on the Im-
mulite 2000 (Siemens, Munich, Bavaria, Germany) automated
immunoassay system. Analysis of Dutch healthy controls sug-
gests an upper reference value of 19.3 mg/L.18 Our recent study
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used receiver-operating curve (ROC) analysis comparing un-
treated CPA cases at the UK National Aspergillosis Centre to
the healthy Dutch controls and identified a similar optimal cut-
off of 25 mg/L.19

However, our prior study comparing the same CPA cohort to
Ugandan healthy controls identified a cutoff of 10 mg/l.14 The
specificity of a 10 mg/l cutoff in relation to the European healthy
control cohort was 5.3%.19 The cause of this marked variation
is unclear as multiple factors such as age and environment varied
between the two studies.

CPA occurs almost exclusively in patients with underlying
lung disease,20 but to our knowledge no study has assessed op-
timal cutoffs for CPA diagnosis in relation to controls suffering
from a relevant underlying disease. The most common underly-
ing disease in CPA is tuberculosis.2,3,5,20 Human immunodefi-
ciency virus (HIV) coinfection is common in tuberculosis,21 but
the impact of this on Aspergillus-specific IgG levels is unclear.

We have now performed ROC analyses comparing
Aspergillus-specific IgG levels in our cohort of CPA patients
to additional healthy and diseased control groups with treated
tuberculosis to identify the best possible cutoff. We also assess
batch-to-batch variation and the impact of HIV infection.

Methods

Stored sera from 100 healthy Ugandan blood donors and 241
CPA patients attending the UK National Aspergillosis Centre,
Manchester, who were not on long-term azole therapy at the
time of sampling, were tested for Aspergillus-specific IgG by the
Immulite 2000 assay in Manchester, United Kingdom, in 2014
as previously described.14

Sera from 300 Ugandan blood donors (healthy controls), se-
quentially recruited in November 2012 were tested in Manch-
ester, United Kingdom, in 2016 with test kits from a different
manufacturing batch to that used in 2014. This included repeat
testing of the 100 previously tested controls.

Sera from 398 persons treated for pulmonary tuberculosis
(TB) within the previous 7 years (diseased controls) were col-
lected between November and December 2012 in Gulu, Uganda,
and tested in Manchester, United Kingdom, in 2014. Symptoms
were recorded, and chest X-ray performed on all persons. Recur-
rent tuberculosis was excluded in those with productive cough
by GeneXpert testing.

Subgroups were identified: 89 asymptomatic persons, 333
with no cavities on chest X-ray, 267 patients without chronic
(≥1 month) cough or hemoptysis, 235 with neither chest X-ray
cavities, chronic cough, or hemoptysis, 65 with cavities on chest
X-ray, and 32 with cavities on chest X-ray, but without chronic
cough or hemoptysis.

Additional sera were collected and chest X-ray repeated on
285 of the treated tuberculosis cohort in 2015. Computed to-
mography (CT) thorax scan was additionally performed on

73 persons who had suspicion of aspergilloma on chest X-ray
or an Aspergillus-specific IgG of >10 mg/l Also, 234 persons
were identified without radiological features suggestive of pos-
sible CPA (screened diseased controls). Each had no progressive
cavitation on repeat chest X-ray and no fungal ball or paracavi-
tary fibrosis on CT thorax (or chest X-ray where no CT thorax
performed). Sera were tested in Manchester, United Kingdom,
in 2015 and repeat tested in 2017 using test kits from another
manufacturing batch. Subgroups with and without HIV were
identified, based on testing performed as part of routine care at
the time of tuberculosis treatment.

Batch-to-batch variation in test performance is displayed on
a Bland-Altman chart. Median levels between batches and in
HIV-positive and negative diseased controls are compared by
Mann–Whitney U test. Correlation co-efficient and 95% limits
of agreement for batch-to-batch testing are reported.

ROC analyses were performed comparing results in CPA
cases to each control group. ROC area under the curve (AUC) is
shown with 95% confidence intervals (95% CI). Optimal diag-
nostic cutoffs in relation to each control group were calculated
using Youden J statistic (sensitivity + specificity − 1). Sensitivity
and specificity are described for each cutoff, with 95% confi-
dence intervals calculated by Wilson’s method. Statistical anal-
yses were performed using SPSS version 20 (IBM, USA) under
license to the University of Manchester, United Kingdom.

Our previously published results from European healthy con-
trols are also shown here for comparison.19

Results

Patient characteristics are shown in Table 1, where available.
Antibody levels in cases and control groups and results of ROC
AUC analyses are shown in Table 2. On repeat testing of healthy
Ugandan controls with a different batch of test kits the median
Aspergillus-specific IgG level increased by 1.87 mg/l (P = .000),
with a correlation coefficient of .937(P = .000) and 95% lim-
its of agreement of −1.65 (1.02 to −4.32). Median levels in
screened diseased controls increased by 1.88 mg/l (P = .000) on
repeat testing with a correlation coefficient of .965 (P = .000)
and 95% limits of agreement of −1.52 (5.5 to −8.53). Bland-
Altman charts for batch-to-batch repeat testing are shown in
supplementary material along with ROC AUC outcomes and
optimal cutoffs for each batch.

The CPA case median level was 30 times higher than that of
any control group. Median levels in prior tuberculosis diseased
controls were slightly lower than Ugandan healthy controls, but
97·5th results were 10 times higher in the prior tuberculosis
group. 97.5th centile results for screened diseased controls were
similar to healthy controls. HIV infection was associated with
2.62 mg/l reduction in median antibody levels in screened dis-
eased controls (P = .000). Antibody levels in different groups
are shown in Figure 1.
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Sensitivity and specificity at various points on the ROC curve
in relation to each control group are shown in Table 3. ROC
curves in relation to different control groups and HIV status are
shown in Figure 2.

Optimal cutoffs calculated in relation to Ugandan healthy
controls and prior tuberculosis diseased controls ranged from
10 mg/l to 20 mg/l. European healthy controls and screened
diseased controls both produced a cutoff of 25 mg/l. Optimal
cutoffs did not vary with manufacturing batch or HIV status.

Results for five alternatively screened diseased control groups
were similar to those displayed here and are described in supple-
mentary material Tables S1–S4.

Discussion

Our study provides the first comparison of Aspergillus-specific
IgG levels in healthy and prior tuberculosis diseased control
groups and the first description of the impact of both HIV sta-
tus and screening to remove CPA cases from diseased control
cohorts on antibody levels. We compared optimal diagnostic
cutoffs through ROC curve analysis and consider whether an
overall optimal cutoff can be identified.

Statistically significant increases in median test results were
observed between batches (1.87 and 1.88 mg/l), demonstrat-
ing that Aspergillus-specific IgG levels do not fall with 2 years
storage at −80oC. This variation between batches was much
smaller than that seen between cases and Ugandan healthy con-
trols (392 mg/l) but was similar to that seen between Ugan-
dan healthy controls and prior tuberculosis diseased controls
(1.56 mg/l). The overall variation in median levels between con-
trol groups was 9.27 mg/l.

The assay has a within-run co-efficient of variation of 3.6%
(n = 20) at a level of 62.6 mg/l.14 Antibody levels do not rise
with age in adults, as median results were lower in prior tuber-
culosis diseased controls (median age 43 years) than Ugandan
healthy controls (median age 20 years). Taken together, these
findings suggest that the small differences in levels observed be-
tween control groups represent expected variation in line with
the performance characteristics of this assay.

The 97.5th centile results were raised in prior tuberculosis
diseased controls. Around 5% of cases of pulmonary tubercu-
losis are thought to be complicated by CPA.8 Median antibody
levels were 30 times higher in our cases than controls. High
97.5th centile results therefore probably reflect inclusion of CPA
cases in the prior tuberculosis diseased controls group. This was
corrected by radiological screening, which should therefore be
incorporated into future studies using diseased controls in this
context.

Median levels and 97.5th centiles were slightly higher in the
HIV-negative group, but optimal cutoffs from ROC analyses
were unaffected. This demonstrates that the same cutoffs can be
used in HIV-positive and -negative populations. Median CD4
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Figure 1. Antibody levels in cases and controls. This Figure is reproduced in color in the online version of Medical Mycology.

count in HIV patients was 420 cells/μl. Test performance may
differ in a more immunosuppressed population.

The cutoff calculated in relation to Ugandan healthy controls
increased from 10 mg/l to 15 mg/l with the inclusion of 199 ad-
ditional sera from the same recruitment event. Youden J statistic
was very similar for the two cutoffs. The variation in cutoff
between these groups is probably a chance finding.

Cutoffs below 20 mg/l demonstrated unacceptably poor
specificity in relation to some groups, especially European con-
trols. Cutoffs of 20 and 25 mg/l had good performance in relation
to all groups. We suggest adopting 20 mg/l as it is in the center
of the range of optimal results identified and is within the range
of 97.5th centile results seen in healthy controls and screened
diseased controls (13.65–21.5 mg/l).

Previous studies have varied in their use of
healthy14,18,19,22,23 or diseased controls.15 In allergic aspergillo-
sis diseased controls have produced higher Aspergillus-specific
IgG cutoffs than healthy controls.24–26 However, in our study
ROC analysis with healthy or diseased controls produced
similar outcomes. This suggests that optimal cutoffs identified
in relation to healthy controls can be used with confidence in
CPA diagnosis.19

We describe the first attempt to our knowledge to screen
diseased controls to remove CPA cases. As radiological findings

are required for CPA diagnosis,9 removing persons that meet
these criteria from the control cohort ensures that no CPA cases
are included.

We used the most robust radiological screening method avail-
able to us. This did not exclude all persons with cavities. Only
those with progressive cavitation between X-rays, paracavitary
fibrosis, or fungal ball were excluded. However, excluding con-
trols with cavitation on a single chest X-ray produced very sim-
ilar results and might be a useful strategy for future studies.

The assay might be of greatest clinical use in persons with
residual cavities on chest X-ray following tuberculosis. How-
ever, 20% of this group is predicted to develop CPA,8,27 which
is consistent with the 97.5th centile result of 1053 mg/l in this
study. An ideal diseased control group might be those with resid-
ual cavities but no fungal ball and no symptoms consistent with
CPA. We identified 32 such patients and an optimal cutoff of
25 mg/l in relation to these controls, but this may be unreliable
due to the small number of controls.

No practical screening system can exclude all cases of as-
pergillosis. Symptomatic screening would not exclude simple as-
pergilloma, as evidenced by the raised 97.5th centile for asymp-
tomatic diseased controls. Chest X-ray screening is unlikely to
identify cases of Aspergillus nodules28 or Aspergillus bronchi-
tis.29 However, the similarity between antibody levels in screened
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Table 3. Performances at various points on the ROC AUC curve for other groups.

Cutoff (mg/l) Sensitivity (%) Specificity (%) Youden J statistic

European healthy controls
5 99.2 0 0
10 95.4 5.3 .007
15 94.6 73 .676
20 93.4 98.7 .921
25 92.9 99.3 .922
30 90.9 100 .909

Ugandan healthy controls
5 99.2 27.8 .27
10 95.4 94.6 .9
15 94.6 98 .926
20 92.9 98.7 .916
25 92.5 99 .915
30 90.9 99.7 .906

Prior TB diseased controls
5 99.2 59.8 .59
10 95.4 90.5 .859
15 94.6 94.5 .891
20 93.4 94.7 .881
25 92.9 95.5 .884
30 90.9 95.7 .866

Screened diseased controls
5 99.2 47.4 .466
10 95.4 85.5 .809
15 94.6 95.3 .899
20 93.4 97.9 .913
25 92.9 98.7 .916
30 90.9 99.1 .9

HIV-positive screened diseased controls
5 99.2 35.3 .345
10 95.4 87.9 .833
15 94.6 96.6 .912
20 92.9 98.3 0.912
25 92.5 99.1 .916
30 90.9 99.1 .9

HIV-negative screened diseased controls
5 99·2 1.7 .009
10 95·4 72.9 .683
15 94·2 94.1 .883
20 92·9 94.9 .878
25 92·5 97.5 .9
30 90·9 98.3 .892

HIV, human immunodeficiency virus; TB, tuberculosis. Optimal cut offs are highlighted in bold for each control group.

diseased and healthy controls demonstrates the effectiveness of
our radiological screening method.

CPA complicating tuberculosis is a global public health issue,
estimated to afflict one to three million persons worldwide.8,30,31

Access to Aspergillus serology in resource poor settings is limited
but improving and can, in principle, be delivered in any basic
hospital laboratory.32 Our study allows Aspergillus-specific IgG
to be interpreted with greater confidence. More work is now

needed to confirm that our conclusions are applicable in other
countries and other underlying conditions. Above all, marked
improvements in access to testing are now required.

Supplementary material

Supplementary data are available at MMYCOL online.
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Figure 2. ROC curves comparing CPA cases with control groups. This Figure is reproduced in color in the online version of Medical Mycology.
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