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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.
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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.!~” The estimated global
five-year point prevalence of CPA secondary to pulmonary tu-
berculosis is 0.8 to 1.37 million cases.®

International CPA guidelines state that evidence of As-
pergillus infection is required for diagnosis in addition to ra-

diological and clinical features.»'” 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.2-311-15

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.'®>!”

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.!® 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."?

However, our prior study comparing the same CPA cohort to
Ugandan healthy controls identified a cutoff of 10 mg/L.'* The
specificity of a 10 mg/l cutoff in relation to the European healthy
control cohort was 5.3%.'? 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,?” 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-

2,3,5,20 Hyman immunodefi-

ing disease in CPA is tuberculosis.

ciency virus (HIV) coinfection is common in tuberculosis,?! but

the impact of this on Aspergillus-specific IgG levels is unclear.
We have

Aspergillus-specific 1gG levels in our cohort of CPA patients

now performed ROC analyses comparing
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.'

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 ] 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.'”

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
97.5% 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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Table 2. Antibody testing results.

Optimal
diagnostic

Specificity

Sensitivity

ROC
AUC

Range 97.5th
centile

(mg/l)

Median
(mg/1)

Mean

95% CI

(%) 95% CI (%)

cutoff (mg/l)

95% CI

IQR (mg/l)

(mg/l)

Group

0.991

3-7660 3474.5 84.8-1000.5

392
0.1-35.3

3.83

678.86

UK CPA cases (7 = 241)

92.5-97.7 98 93.0-99.4

95.9

0.982-1

3.05-4.81

13.91

4.63

Previously tested Ugandan healthy controls run

1 (n = 100)

95.4 92.0-97.4 97 91.5-99.0

10

0.986 0.974-0.998

5-6.62

3.43-38.6 14.47

5.7

6.28

Previously tested Ugandan healthy controls run

2 (n = 100)

96.3-99.6
95.7-99.3

8.7

8.3

9.3

98
94..5
9

9
9

92.9 89.0-95.5

25
25

0-967-0-992

98

0.

3-8-7.81

5-57-9-01
11.92-15-17 0-948 0-921-0-975

19-24

0-1-200
2.35-200

5.24

7.32
8.84
13.71
6.43
19.76
6.69

Screened diseased controls run 1 (n = 234)

88.5-95.2
89.0-95.5

0.973  0.958-0.989 92.5

21-5

2
3.2

7.1
1

Screened diseased controls run 2 (n = 234)

96.4-99.9
95.7-99.1

9

929

25

8.75-25-5 19.34

European healthy controls (7 = 152)

91.0-96.8
91.0-96.8

94.6

15
15
25

0-984 0.972-0-997
0-972  0-959-0-985

0-982

4.89-7.02
3.17-6:26
4.49-7.72

3.22-38:6 13.65

5.77
4.21
5.85

Ugandan Healthy controls (7 = 299)

91.8-96.3
95.3-99.8

94-6

0.1-1060 149.97

2.35-37

Prior TB diseased controls (7 = 398)

88.5-95.2 9.1

92-5

0-97-0-995

16.57

HIV-positive screened diseased controls (7

116)

92.8-99.1

92.5 88.5-95.2 97.5

25

0-964 0-944-0-984

6:68-10-6

= 10.95 8.47 4.88-200 28.19

HIV-negative screened diseased controls (7

118)

CI, confidence interval; CPA, chronic pulmonary aspergillosis; IQR, interquartile range; ROC, receiver operating characteristic.

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 —80°C. 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/I.

The assay has a within-run co-efficient of variation of 3.6%
(n = 20) at a level of 62.6 mg/l.'* 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.® 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/ul. 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 ]| 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
healthy'4:18:19:22,23 o diseased controls.! In allergic aspergillo-
sis diseased controls have produced higher Aspergillus-specific
IgG cutoffs than healthy controls.>*~2¢ 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."’

We describe the first attempt to our knowledge to screen

diseased controls to remove CPA cases. As radiological findings

? removing persons that meet

are required for CPA diagnosis,
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,%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 nodules®® or Aspergillus bronchi-
tis.2” 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 ] statistic

European healthy controls

S 99.2 0 0
10 95.4 53 .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 99.2 353 .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 =~ needed to confirm that our conclusions are applicable in other

our radiological screening method. countries and other underlying conditions. Above all, marked
CPA complicating tuberculosis is a global public health issue, improvements in access to testing are now required.

estimated to afflict one to three million persons worldwide. 33031

Access to Aspergillus serology in resource poor settings is limited

but improving and can, in principle, be delivered in any basic

hospital laboratory.3? Our study allows Aspergillus-specific IgG Supplementary material

to be interpreted with greater confidence. More work is now Supplementary data are available at MMYCOL online.

0202 YdJe\ || uo Jasn isisayouel 1o Alsiaaiun Aq v/6661/00E/E/ LS NoBNSqR-8o1Le/Awiw/woo dno olwapeode//:sdiy Woll papeojuMo(]


https://academic.oup.com/mmy/article-lookup/doi/10.1093/mmy/myy024#supplementary-data

306 Medical Mycology, 2019, Vol. 57, No. 3
ROC Curve
1.0 —_—
B ————F e — - Source of the Curve
. ___Europeen healthy
controls
Ugandan healthy
controls
0.8 Prior TB dissased
controls
___ All screened dissased
conrols
HIV positive screened
dissased controls
WV soreened
2 0.6 d controls
> Reterence Line
-
3
D o
0.2+
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Diagonal segments are produced by ties.

Figure 2. ROC curves comparing CPA cases with control groups. This Figure is reproduced in color in the online version of Medical Mycology.

Acknowledgments

We are grateful to the staff of Gulu Blood Transfusion service, for their
assistance in acquiring healthy control samples and at Gulu District Health
Office department of Tuberculosis and Leprosy control for their assistance
in recruiting diseased controls. We thank radiology staff at St. Mary’s Hos-
pital, Lacor and Kampala Imaging Centre in Uganda and Wythenshawe
hospital in the UK for their assistance in performing and reporting chest
X-rays and CT thorax scans. We are grateful to all staff at the Manchester
Academy-Gulu link for practical support throughout the study. We thank
Christie Hospital pathology laboratory, Manchester, UK for providing
access to their Siemens Immulite 2000 system and Julie Morris at the Uni-
versity of Manchester for providing statistical analysis support. Thanks to
Dr. Albert van Toorenenbergen of the Department of Clinical Chemistry
at Erasmus University Medical Centre, Rotterdam, Netherlands, for shar-
ing control data that formed the basis of the European controls cohort.
This work was supported by Siemens, Astellas Pharma Europe Ltd., and
the Manchester Academy charity. We are grateful to ManARTS biobank
for providing stored sera from CPA cases. This work was partly supported
by National Institute for Health Research Respiratory and Allergy Clini-
cal Research Facility at Manchester University Hospitals NHS Foundation
Trust. The views expressed in this publication are those of the author(s)
and not necessarily those of the NHS, the National Institute for Health Re-
search or the Department of Health. No funder had any role in the study
design, data collection, analysis or decision to submit for publication.

Ethical approval

Stored sera from CPA patients were acquired from the ManARTS biobank
and from samples provided for the purpose of Aspergillus-specific IgG test-

ing as part of routine care at the National Aspergillosis Centre, Manchester,
UK. The South Manchester Research Ethics Committee granted ethical ap-
proval in December 2013 (REC reference number 10/H1010/7). Control
samples were acquired as part the ‘Pulmonary aspergillosis in association
with tuberculosis’ study. Ethical approval was granted by Gulu University
IRB (ref. GU/IRC/04/07/12), the Ugandan National Council for Science
and Technology (ref. HS1253) and the University of Manchester (ref.
11424) in 2012. Testing of healthy European control samples was per-
formed on leftover samples and analyzed in an anonymous fashion in line
with Dutch regulations.

Declaration of interest

I.D.P. has received kit donations and grants from Serion, Genesis, OLM
Medical, and Dynamiker in addition to the funding stated above. He has
current grant support from the Medical Research Council and has received
travel grants from the British Infection Association, British Society for
Medical Mycology, Microbiology Society, International Society for Hu-
man and Animal Mycology, European Society for Clinical Microbiology
and Infectious Diseases and the Conference on Retroviruses and Oppor-
tunistic Infections within the last 5 years. M.D.R. lectures on behalf of,
and provides educational material and advice for Gilead Sciences Europe,
Astellas Pharma. MSD, and Pfizer. D.W.D. and family hold Founder shares
in F2G Ltd, a University of Manchester spin-out antifungal discovery com-
pany. He acts or has recently acted as a consultant to Astellas, Sigma Tau,
Basilea, Scynexis, Cidara, Biosergen, Quintiles, Pulmatrix, Pulmocide and
Zambon. In the last 3 years, he has been paid for talks on behalf of Astellas,
Dynamiker, Gilead, Merck, and Pfizer. He is a longstanding member of
the Infectious Disease Society of America Aspergillosis Guidelines group,
the European Society for Clinical Microbiology and Infectious Diseases

0202 YdJe\ || uo Jasn isisayouel 1o Alsiaaiun Aq v/6661/00E/E/ LS NoBNSqR-8o1Le/Awiw/woo dno olwapeode//:sdiy Woll papeojuMo(]



Page et al.

307

Aspergillosis Guidelines group, and the British Society for Medical My-

cology Standards of Care committee. The authors report no conflicts of
interest. The authors alone are responsible for the content and the writing
of this paper.

References

1.

10.

11.

12.

13.

14.

Schweer K, Bangard C, Hekmat K, Cornely O. Chronic pulmonary aspergillosis.
Mycoses. 2013; 57: 257-270.

Ohba H, Miwa S, Shirai M et al. Clinical characteristics and prognosis of chronic
pulmonary aspergillosis. Respir Med. 2012; 106: 724-729.

Jhun BW, Jeon K, Eom JS et al. Clinical characteristics and treatment outcomes
of chronic pulmonary aspergillosis. Med Mycol. 2013; 51: 811-817.

Agarwal R, Vishwanath G, Aggarwal AN, Garg M, Gupta D, Chakrabarti A.
Itraconazole in chronic cavitary pulmonary aspergillosis: a randomised con-
trolled trial and systematic review of literature. Mycoses. 2013; 56: 559-570.
Chen QK, Jiang GN, Ding JA. Surgical treatment for pulmonary aspergilloma: a
35-year experience in the Chinese population. Interact Cardiovasc Thorac Surg.
2012; 15: 77-80.

Al-Shair K, Atherton GT, Harris C, Ratcliffe L, Newton PJ, Denning DW. Long-
term antifungal treatment improves health status in patients with chronic pul-
monary aspergillosis: A longitudinal analysis. Clin Infect Dis. 2013; 57: 828—
835.

Farid S, Mohamed S, Devbhandari M et al. Results of surgery for chronic pul-
monary aspergillosis, optimal antifungal therapy and proposed high risk factors
for recurrence: a national centre’s experience. | Cardiothorac Surg. 2013; 8:
180.

Denning D, Pleuvry A, Cole D. Global burden of chronic pulmonary aspergillosis
as a sequel to pulmonary tuberculosis. Bull World Health Organ. 2011; 89: 864—
872.

Denning DW, Cadranel J, Beigelman-Aubry C et al. Chronic pulmonary as-
pergillosis: rationale and clinical guidelines for diagnosis and management. Eur
Respir ]. 2016; 47: 45-68.

Patterson TF, Thompson GR, Denning DW et al. Practice guidelines for the di-
agnosis and management of aspergillosis: 2016 update by the Infectious Diseases
Society of America. Clin Infect Dis. 20165 63: e1-e60.

Denning DW, Riniotis K, Dobrashian R, Sambatakou H. Chronic cavitary and
fibrosing pulmonary and pleural aspergillosis: case series, proposed nomenclature
change, and review. Clin Infect Dis. 2003; 37: $265-80.

Baxter CG, Denning DW, Jones AM, Todd A, Moore CB, Richardson MD.
Performance of two Aspergillus IgG EIA assays compared with the precipitin
test in chronic and allergic aspergillosis. Clin Microbiol Infect. 2013; 19: E197~
204.

Guitard J, Sendid B, Thorez S, Gits M, Hennequin C. Evaluation of a recombinant
antigen-based enzyme immunoassay for the diagnosis of noninvasive aspergillo-
sis. | Clin Microbiol. 2012; 50: 762-765.

Page ID, Richardson MD, Denning DW. Comparison of six Aspergillus-specific
IgG assays for the diagnosis of chronic pulmonary aspergillosis (CPA). | Infect.
2016; 72: 240-249.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Dumollard C, Bailly S, Perriot S et al. Prospective evaluation of a new Aspergillus
IgG enzyme immunoassay kit for diagnosis of chronic and allergic pulmonary
aspergillosis. J Clin Microbiol. 20165 54: 1236-1242.

Page ID, Richardson M, Denning DW. Antibody testing in aspergillosis: quo
vadis? Med Mycol. 2015; 53: 417-439.

Richardson MD, Page ID. Aspergillus serology: have we arrived yet? Med Mycol.
2017; 55: 48-55.

Van Toorenenbergen AW. Between-laboratory quality control of automated
analysis of IgG antibodies against Aspergillus fumigatus. Diagn Microbiol In-
fect Dis. 2012; 74: 278-281.

Page I, Baxter C, Hennequin C, Richardson MD, van Toorenenbergen AW,
Denning DW. Receiver operating characteristic curve analysis of four
Aspergillus-specific IgG assays for the diagnosis of chronic pulmonary aspergillo-
sis. Diagn Microbiol Infect Dis. 2018; 91: 47-51.

Smith NL, Denning DW. Underlying conditions in chronic pulmonary aspergillo-
sis including simple aspergilloma. Eur Respir J. 2011; 37: 865-872.

World Health Organization. WHO Global tuberculosis report 2016.
http://www.who.int/tb/publications/global_report/en/. Published 2016. Accessed
September 12, 2016.

Van Hoeyveld E, Dupont L, Bossuyt X. Quantification of IgG antibodies to
Aspergillus fumigatus and pigeon antigens by ImmunoCAP technology: an alter-
native to the precipitation technique? Clin Chem. 20065 52: 1785-1793.
Watkins ML, Benjamin RL, Kotzé E, Hawarden D. Reference range for specific
IgG antibodies to Aspergillus fumigatus in the South African adult population.
Curr Allergy Clin Immunol. 20125 25: 212-214.

Barton RC, Hobson RP, Denton M et al. Serologic diagnosis of allergic bron-
chopulmonary aspergillosis in patients with cystic fibrosis through the detection
of immunoglobulin G to Aspergillus fumigatus. Diagn Microbiol Infect Dis.
2008; 62: 287-291.

Baxter CG, Dunn G, Jones AM et al. Novel immunologic classification of as-
pergillosis in adult cystic fibrosis. | Allergy Clin Immunol. 2013; 132: 560-566.
Agarwal R, Dua D, Choudhary H et al. Role of Aspergillus fumigatus -specific
IgG in diagnosis and monitoring treatment response in allergic bronchopul-
monary aspergillosis. Mycoses. 2017; 60: 33-39.

British Tuberculosis Association. Aspergilloma and residual tuberculous cavities:
the results of a resurvey. Tubercle. 1970; 51: 227-245.

Muldoon EG, Sharman A, Page I, Bishop P, Denning DW. Aspergillus nodules:
another presentation of chronic pulmonary aspergillosis. BMC Pulm Med. 2016;
16: 123.

Chrdle A, Mustakim S, Bright-Thomas R], Baxter CG, Felton T, Denning DW.
Aspergillus bronchitis without significant immunocompromise. Ann N 'Y Acad
Sci. 20125 1272: 73-85.

Denning DW, Pleuvry A, Cole DC. Global burden of chronic pulmonary as-
pergillosis complicating sarcoidosis. Eur Respir J. 2013; 41: 621-626.

Denning DW, Pleuvry A, Cole DC. Global burden of allergic bronchopulmonary
aspergillosis with asthma and its complication chronic pulmonary aspergillosis
in adults. Med Mycol. 2013; 51: 361-370.

Cole DC, Govender NP, Chakrabarti A, Sacarlal J, Denning DW. Improvement
of fungal disease identification and management: combined health systems and
public health approaches. Lancet Infect Dis. 2017; 17: e412—e419.

0202 YdJe\ || uo Jasn isisayouel 1o Alsiaaiun Aq v/6661/00E/E/ LS NoBNSqR-8o1Le/Awiw/woo dno olwapeode//:sdiy Woll papeojuMo(]


http://www.who.int/tb/publications/global_report/en/

