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Summary

Clinical

Background The prevalence of Aspergillus sensitization (AS) and allergic bronchopul-
& monary aspergillosis (ABPA) in cystic fibrosis (CF) has been varyingly reported. The aim

Experimental
Allergy

of this systematic review was to estimate the overall prevalence of AS/ABPA in CF.
Methods We searched the PubMed and EmBase databases for studies reporting the preva-
lence of AS/ABPA in CF. We calculated the proportion with 95% confidence interval (CI)
to assess the prevalence of AS and ABPA in the individual studies and then pooled the

results using a random effects model. Statistical heterogeneity was assessed using the I*
test while publication bias was assessed using both graphical and statistical methods.
Results Our search yielded 64 eligible studies. The pooled prevalence of AS was 39.1%
(95% CI: 33.3-45.1) and was higher with skin test compared to specific IgE (43.8% vs.
32.8%, P = 0.002); however, the prevalence did not vary with the type of skin test used
(intradermal or percutaneous). The prevalence of ABPA was 8.9% (95% CI: 7.4-10.7) and
was higher in adults as compared to children (10.1% vs. 8.9%, P < 0.0001). There was a
wide variation in the criteria used for diagnosing ABPA. Almost 50% (12/23) of the publi-
cations after 2004 used criteria other than the CF foundation criteria for diagnosing

Correspondence: Ritesh Agarwal,
Department of Pulmonary Medicine,
Postgraduate Institute of Medical
Education and Research, Sector-12,
Chandigarh-160012, India.

E-mail: agarwal.ritesh@outlook.in
Cite this as: V. N. Maturu and R.
Agarwal. Clinical & Experimental
Allergy, 2015 (45) 1765-1778.

the diagnosis of AS/ABPA.
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ABPA. There was significant statistical heterogeneity and evidence of publication bias.
Conclusions There is a high prevalence of AS and ABPA in patients with CF. Despite six
decades of research, there is still a need to adopt uniform methodology and criteria for

fungal sensitization,

Submitted 5 May 2015; revised 8 June 2015; accepted 3 July 2015

Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is an
allergic pulmonary manifestation of Aspergillus fumiga-
tus characterized by the presence of elevated total and
A. fumigatus-specific IgE levels, and radiologic infil-
trates, with or without bronchiectasis [1, 2]. It usually
complicates the course of patients with asthma and cys-
tic fibrosis (CF). Aspergillus sensitization (AS) is defined
by the presence of immediate skin test positivity to
Aspergillus antigens or elevated serum A. fumigatus-
specific IgE levels. The prevalence of AS in CF has been
variably reported from as low as 20% to as high as 65%.
This variation could be due to the differences in the
methods used for diagnosing AS (cutaneous tests vs.
specific IgE level or both), type of skin test used

(percutaneous vs. intradermal or both), varying cut-offs
used for defining elevated A. fumigatus-specific IgE
levels, diversity in the age group and ethnicity of the
population screened. Similarly, the quoted prevalence of
ABPA in CF varies widely from 3% to 25%. This again
could be due to the different diagnostic criteria used,
differences in the age group of population and varying
cut-offs used for defining elevated IgE and specific IgE
levels. Although a recent study did estimate the burden
of different manifestations of aspergillosis in CF, it was
based on mathematical assumptions and universalized
prevalence rates generated at a single centre using novel
methods, not yet validated externally [3]. To the best of
our knowledge, no study has systematically reviewed
the prevalence rates of AS/ABPA in CF, and the factors
that might influence the prevalence rates.
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We have previously performed a systematic review
and meta-analysis and calculated the pooled preva-
lence of AS and ABPA in patients with bronchial
asthma [4]. A similar study that systematically mea-
sures the prevalence of AS/ABPA in CF will provide
the clinicians the magnitude of problem, further
strengthening the management practices for AS/ABPA.
These prevalence values can be further used for the
estimation of disease burden and may also help in esti-
mating the sample size required in conducting future
epidemiological studies. The aim of this study was to
generate a large database, thereby enhancing the sam-
ple size for determination of the prevalence of AS/
ABPA in patients with CF, using a systematic review
methodology.

Methods

Search strategy

We searched the PubMed and EmBase databases (till
January 2015) using the following free text terms:
(‘ABPA’ OR ‘allergic bronchopulmonary aspergillosis’
OR ‘allergic bronchopulmonary mycosis’) AND (‘CF’ OR
‘cystic fibrosis’). We reviewed the reference lists of
reviews and editorials on this topic. We also reviewed
the references from the primary studies identified dur-
ing the search. In addition, we searched our personal
libraries.

Inclusion and exclusion criteria

We included studies reporting the prevalence of AS
and/or ABPA. Aspergillus sensitization was defined as
the presence of either an immediate (type 1) cutaneous
reaction to A. fumigatus antigen (commercial or
locally prepared) or the presence of an elevated IgE
against A. fumigatus in the serum. For articles that
described the prevalence of AS using both skin testing
and specific IgE, the prevalence of A. fumigatus-speci-
fic IgE was taken as the reference for AS, in calculat-
ing the overall prevalence. We excluded the following
studies: (a) abstracts, editorials, case reports and stud-
ies that included less than 10 patients; (b) studies
describing the prevalence of AS/ABPA in diseases
other than CF; (c¢) studies in which the number of
patients with CF screened (i.e. the denominator) was
not reported; and (d) studies not in English language.
Any disagreement between the authors was resolved
by consensus.

We also performed a sensitivity analysis decided a
priori based on (a) age group of the study population
included (children: mean/median age of the study pop-
ulation < 16 years vs. adults); (b) type of study (registry
vs. non-registry data); and (c) decade of publication.

Data extraction

The database created from the electronic searches was
compiled in a reference manager package, and all
duplicate citations were eliminated. The citations were
first screened by the authors to capture the relevant
studies. The full text of each citation was obtained and
reviewed in detail. Data were recorded on a standard
data extraction sheet. The following items were
extracted: (a) publication details (title, authors and
other citation details including geographic area); (b)
type of study (prospective or retrospective); (c) age
group of the study population; (d) details of the criteria
used for diagnosis of ABPA; (e) method used for skin
test (skin prick test or intradermal injection); and (f)
prevalence of AS or ABPA in patients with CF.

Meta-analysis

The statistical software package (StatsDirect, version
2.7.9 for MS-Windows, StatsDirect Ltd. (www.stats
direct.com), England, 2013) was used to perform all the
statistical analysis. We calculated the prevalence by cal-
culating proportion with 95% confidence intervals (CIs)
for each study and then pooled the data to derive a
summary proportion with 95% CI, using DerSimonian
weights for the random effects model in the presence of
significant heterogeneity [5]. The impact of heterogene-
ity on the pooled estimates of the individual outcomes
of the meta-analysis was assessed using the I” test. An
I? value of more than 50% indicates significant hetero-
geneity. Publication bias was assessed using the funnel
plot and three statistical methods (Egger’s test, Har-
bord’s test and Begg-Mazumdar’s test).

As this was a meta-analysis of published studies,
institutional review board clearance was not required
for the study.

Results

Our initial database search retrieved a total of 667 cita-
tions, of which 64 were finally included in the system-
atic review (Fig. 1) [6-69]. Most studies were from the
developed countries with only three studies from the
developing world (Table 1). Forty-four studies included
children, and 24 studies included adults. The mean/me-
dian age was unknown in eleven studies. Forty-one
studies (3362 patients) described the prevalence of AS
in patients with CF [6-23, 25-27, 29, 30, 32-37, 40, 42,
46, 48, 49, 52, 53, 62, 64-66, 69], while 45 studies
(35 308 patients) reported the prevalence of ABPA in
CF [15, 16, 19, 22, 24-26, 28, 29, 31-36, 38, 39, 41-64,
66-69]. Although the prevalence of ABPA and AS var-
ied over the last six decades, neither the prevalence of
AS nor that of ABPA could be shown to be consistently
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Databases searched: PubMed and EmBase

Search terms: (""abpa' OR "allergic bronchopulmonary aspergillosis' OR "allergic
bronchopulmonary mycosis') AND ("cf" OR "cystic fibrosis'')

[ Citations identified after initial search [n = 667] ]

Studies excluded as they did not involve ABPA [n = 163]

Studies reporting ABPA retrieved for detail
evaluation [n = 504]

Studies excluded [n = 440]
e ABPA in non CF patients [n = 16]
e Case reports/review articles [n = 244]
e Studies on CF patients not reporting AS/ABPA
prevalence [n = 180]

Final studies included in the meta-analysis [n = 64]

e Prevalence of ABPA [n = 45]
e Prevalence of AS [n = 41]

Fig. 1. Citation selection process for the systematic review.

increasing or decreasing over the last half a century
(Tables 2 and 3).

Prevalence of AS in cystic fibrosis

Of the 41 studies reporting AS, 34 studies reported the
results of skin testing and 15 studies reported the
results of A. fumigatus-specific IgE levels. The skin test
was performed by the percutaneous (prick/scratch/epi-
cutaneous) technique in 22 studies, by the intradermal
method in five and both (percutaneous followed by
intradermal) in five studies. The method was not men-
tioned in two studies.

The prevalence of AS in patients with CF varied from
20% to 65%, with a pooled prevalence of 39.1% (95% CI:
33.3-45.1) (Fig. 2). The prevalence of AS using cuta-
neous testing was higher when compared with A. fumi-
gatus-specific IgE (42.8% vs. 32.8%, P = 0.0002). The
pooled prevalence of AS was similar when skin test was
carried out with an intradermal method or the percuta-
neous method. However, the prevalence of AS was

significantly higher when both methods were used com-
pared to single method (percutaneous/intradermal) alone
(46.5% vs. 44.3%, P = 0.021). The prevalence of AS was
not different between children and adults (41.6% vs.
36.1%) (Table 2).

Significant clinical heterogeneity was reflected in the
antigen used for skin testing (locally prepared vs. com-
mercially available), the method used for skin testing
(prick vs. intradermal) and the cut-offs used for
A. fumigatus-specific IgE (Table 1). There was also sig-
nificant statistical heterogeneity (I> 92%, 95% CI: 90.4—
93.2). There was evidence of publication bias on visual
examination of the funnel plot (Fig. 3) and on the sta-
tistical tests (Egger bias = 6.73, P < 0.0001; Harbord
bias = 4.29, P = 0.0076; Begg-Mazumdar Kendall’s
tau = 0.17, P = 0.1136).

Prevalence of ABPA in CF

The prevalence of ABPA in patients with CF varied
from 3% to 25%, with a pooled prevalence of 8.9%
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Table 1. Studies describing the prevalence of Aspergillus sensitization and/or ABPA in patients with cystic fibrosis

Prevalence
of Prevalence
Country, type Type of Criteria used for positive of elevated Prevalence
Study (year) reference of study Age group  skin test diagnosis of ABPA  AST AfIgE of ABPA
Kulczycki et al. (1961) [6] USA, Prospective Children Scratch 22/266
Mearns et al. (1967) [7] UK, Prospective Children NA 33/86
Allan et al. (1975) [8] UK, Prospective Children Prick 11/30
Bardana et al. (1975) [9] USA, Prospective NA Intradermal 11/18
Counahan et al. (1975) [10] UK, Prospective Children Prick 8/23
Warren et al. (1975) [11] UK, Prospective NA Prick 25/43
Warner et al. (1976) [12] UK, Prospective Children Prick 41/123
Silverman et al. (1978) [13] UK, Prospective Children Prick 17/48
Carswell et al. (1979) [14] UK, Prospective Children Prick 39/44
Nelson et al. (1979) [15] USA, Prospective Children Scratch and ~ Major 18/46 5/46
intradermal (R/W/C/T/1/S/P)
Ormerod et al. (1980) [16] UK, Prospective Children Prick NA 30/48 7/48
Van Asperen et al. (1980) [17] Australia, Children Prick 22/78
Prospective
Clarke et al. (1981) [18] Australia, Children Prick 13/22
Retrospective
Laufer et al. (1984) [19] USA, Prospective Children Prick and Major 53/100 10/100
Intradermal (R/W/E/T/P/1/B)
Schonheyder et al. (1985) [20] Denmark, Children Prick test 26/59
Prospective
Wonne et al. (1985) [21] Germany, Children Intradermal 13/31
Prospective
Feanny et al. (1988) [22] Canada, Adults Prick and Major 36/117 12/117
Prospective intradermal (T/S/P/E[I/W)
Forsyth et al. (1988) [23] Australia, NA 9/47
Prospective
Schonheyder et al. (1988) [24] Denmark, Children Major 10/200
Retrospective (R/W/E/T/1/S[P/C)
Zeaske et al. (1988) [25] USA, Prospective Children Prick and Laufer’s 44]75 38/75 10/75
Intradermal criteria
Knutsen et al. (1990) [26] USA, Prospective Children Intradermal Laufer’s 35/73 9/73
criteria
Nicolai et al. (1990) [27] Germany, Children 68/148
Prospective
Simmonds et al. (1990) [28] USA, Prospective Children Major 8/137
(R/1/S/P/E/C)
Hutcheson et al. (1991) [29] USA, Prospective NA Epicutaneous Laufer’s criteria 24[75 16/75 4/79
El-Dahr et al. (1994) [30] USA, Prospective Children Prick 15/50 30/147
Marchant et al. (1994) [31] UK, Retrospective Children R-P criteria 11/160
Mroueh et al. (1994) [32] USA, Retrospective Children Intradermal Major 38/87 15/236
(W/R/T/E[T)
Nikolaizik et al. (1995) [33] UK, Prospective Adults Prick Nelson criteria 37/55 10/55
Becker et al. (1996) [34] USA, Prospective Adults Intradermal Greenberger 15/51 12/53 1/53
criteria
Hutcheson et al. (1996) [35] USA, Prospective NA Epicutaneous Laufer’s 47/112 60/112 6/118
criteria
Nikolaizik et al. (1996) [36] Switzerland, Adults Prick Nelson 27/44 6/44
Prospective criteria
Wojnarowski et al. (1997) [37]  Austria, Prospective Children Prick 31/118
Geller et al. (1999) [38] USA ¢t Canada, Adults Major (T/P/1) 281/1421

Retrospective

Minor

(W/E/R/S/ C/SR/G)
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Table 1 (continued)

Prevalence
of Prevalence
Country, type Type of Criteria used for positive of elevated Prevalence
Study (year) reference of study Age group skin test diagnosis of ABPA  AST AfIgE of ABPA
Nepomuceno et al. (1999) [39]  USA Retrospective Adults Major 16/172
(T/E/1/P[SR)
Minor
(W/B/R/C[F)
Torres-Lozano et al. (1999) [40] Mexico, Prospective Children Prick 7/30
Cimion et al. (2000) [41] France. Prospective NA R-P Criteria 5/128
Henry et al. (2000) [42] Ireland, Retrospective  Adults Prick Greenberger 9/21 1/21
criteria
Mastella et al. (2000) [43] Europe (9 countries),  Children Major (T/P/1) 967/12447
Retrospective Minor
(W/R/E/C/S/G)
Skov et al. (2000) [44] Denmark, Adults Nelson criteria 26/238
Retrospective
Taccetti et al. (2000) [45] Italy, Retrospective NA R-P criteria 171/3089
Maiz et al. (2002) [46] Spain, Prospective Children Prick and Nelson Criteria 34/66 49/76 10/76
intradermal
Casaulta et al. (2005) [47] Switzerland, Children Nelson criteria 11/74
Prospective
Ritz et al. (2005) [48] Switzerland, Children Major (W/1/S/G/C/ 20/160 11/160
Retrospective rAspfl, 4 and 6)
Skov et al. (2005) [49] Australia, Children Prick CF foundation 30/88 13/277
Prospective criteria
Almeida et al. (2006) [50] Brazil, Prospective Children CF foundation 3/32
criteria
Kraemer et al. (2006) [51] Switzerland, Children Nelson criteria 16/122
Retrospective
Barton et al. (2008) [52] UK, Prospective Adults Major (W/I/S) 28/87 7/87
Minor (R/G/M/A)
Carneiro et al. (2008) [53] Brazil, Prospective Adults NA Major (T/I/P) 19/74 2/74 2/74
Minor
(W/E/S/G/R/C/SR)
Chotirmall et al. (2008) [54] Ireland, Prospective Adults CF foundation 6/50
criteria
Latzin et al. (2008) [55] Switzerland, Children Nelson criteria 12/48
Prospective
Rapaka et al. (2008) [56] USA, Prospective NA CF foundation 31/440
criteria
Simmonds et al. (2009) [57] UK, Retrospective Adults NA 11/112
Amin et al. (2010) [58] USA, Retrospective Children W/I/SR 6/230
Jubin et al. (2010) [59] France, Retrospective  Children CF foundation 8/85
criteria
Paugam et al. (2010) [60] France, Retrospective  Adults CF foundation 18/201
criteria
Mortensen et al. (2011) [61] Denmark, Prospective Adults CF foundation 24/287
criteria
Fillaux et al. (2012) [62] France, Prospective Children Major (I/S/P) 102/251 34/251
Sequeiros et al. (2012) [63] UK, Prospective Adults Major (W/I/S/P) 9/58
Baxter et al. (2013) [64] UK, Prospective Adults Prick NA 75/115 42/146 23/146
Baxter et al. (2013) [65] UK, Prospective Adults Prick NA 33/55 29/55
Fillaux et al. (2014) [66] France, Prospective Children CF Foundation 50/117 4/117
criteria
Noni et al. (2014) [67] Greece, Retrospective  Children CF Foundation 18/121

criteria

© 2015 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 45 : 1765-1778
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Table 1 (continued)

Prevalence
of Prevalence
Country, type Type of Criteria used for positive of elevated Prevalence
Study (year) reference of study Age group skin test diagnosis of ABPA  AST Af1gE of ABPA
Parize et al. (2014) [68] France, Retrospective  Children NA 28/373
Sharma et al. (2014) [69] India, Prospective Children Prick CF Foundation 14/41 6/41

criteria

A, elevated A. fumigatus-specific IgA level; ABPA, allergic bronchopulmonary aspergillosis; B, bronchiectasis; CF, cystic fibrosis; E, elevated
eosinophils; F, low FEV1; G, elevated A. fumigatus-specific IgG level; I, elevated total IgE level; M, elevated A. fumigatus-specific IgM level; NA,
not available; R, radiologic infiltrates; R-P, Rosenberg—Patterson criteria; S, elevated A. fumigatus-specific IgE level; SR, steroid responsiveness; T,
immediate skin test positivity; UK, United Kingdom; USA, United states of America; W, wheezing.

Table 2. Pooled prevalence of Aspergillus sensitization (AS) stratified
according to subgroups (random effects model)

Table 3. Pooled prevalence of ABPA stratified according to subgroups
(random effects model)

Number Pooled Number Pooled
of prevalence of prevalence
Subgroup studies  n/N (%) (95% CI) P value Subgroup studies  n/N (%) (95% CI) P value
Method used for determining AS Age
Skin testing 32 921/2294 43.8 (37.1-50.6) 0.0002 Children 27 1523/29936 8.9 (6.7-11.3) < 0.0001
Specific IgE 15 555/1623 32.8 (24.2-42.0) Adults 15 171/1715 10.1 (8.7-11.6)*
levels Type of study
Method used for skin testing Registry 2 1248/26657 4.4 (5.4-11.8) < 0.0001
Percutaneous 22 572/1470 44.3 (34.5-54.3) 0.205 based
(prick, Not registry 43 654/8644 9.1 (7.8-10.4)
scratch) based
Intradermal 5 112/260 43.1 (37.2-49.1)* Decade of study
Method used for skin testing < 1990 8 71/796 9.0 (7.1-11.1)* < 0.0001
Single method 27 684/1730 44.3 (36.0-52.7) 0.021 1991-2000 15 1520/31050 7.2 (4.8-9.9)
Both methods 5 185/404 46.5 (35.7-57.5) 2001-2010 15 165/2068 9.0 (6.8-11.6)
Age 2011-2015 7 146/1394 10.6 (7.4-14.3)
Children 27 849/2273 41.6 (34.6-48.7) 0.123 Criteria used for diagnosed
Adults 9 222/652 36.1 (22.9-50.4) CFF 10 131/1651 8.5 (6.5-10.8) < 0.0001
Decade of study consensus
< 1980 12 277/853 43.0 (28.5-58.2) < 0.0001 criteria
1981-1990 9 291/672 43.1 (35.8-50.6) Nelson 8 96/703 13.9 (11.4-16.5)*
1991-2000 10 267[742 37.7 (27.0-49.0) criteria
2001-2010 5 129/485  26.5 (9.2-48.9) R-P criteria 8 226/3822 7.2 (5.3-9.3)
2011-2015 5 237/610 39.4 (32.2-46.8) Other criteria 19 1449/29132 7.6 (5.3-10.4)

*Pooled prevalence determined by fixed effects model as the I* value
was < 50%.
P value determined by two proportion analysis or chi-square test.

(95% CI: 7.4-10.7) (Fig. 4). The prevalence of ABPA
was significantly higher in adults when compared to
children (10.1% vs. 8.9%, P < 0.0001) (Table 3). Of the
45 studies reporting the prevalence of ABPA, two pre-
sented data from the CF registries namely the Epidemi-
ologic Study of Cystic Fibrosis (ESCF) registry from the
United States and Canada (ABPA prevalence of 206),
and the Epidemiologic Registry of Cystic Fibrosis
(ERCF) from Europe (ABPA prevalence of 7.8%). The
prevalence of ABPA calculated after excluding data
from these CF registries was similar to the overall

*Pooled prevalence determined by fixed effects model as the I* value
was < 50%.

P value determined by two proportion analysis or chi-square test.
ABPA, allergic bronchopulmonary aspergillosis; CFF, cystic fibrosis
foundation; R-P, Rosenberg—Peterson or the Laufer’s modification.

prevalence (9.1%, 95% CI: 7.82-10.4%). There was a
wide variation in the criteria used for diagnosing
ABPA (Table 1). There was also significant difference in
the prevalence of ABPA when the studies were strati-
fied according to the criteria used for diagnosis
(Table 3).

There was significant statistical heterogeneity, with
an I value of 94.5% (93.6-95.1%). There was evidence
of publication bias on visual examination of the funnel
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Kulczycki et al (1961) 0.083 (0.053, 0.123)
Mearns et al (1967) 0.384 (0.281, 0.495)
Allan et al (1975) 0.367 (0.199, 0.561)
Bardana et al (1975) 0.611 (0.357, 0.827)
Counahan et al (1975) 0.348 (0.164, 0.573)
Warren et al (1975) —B— 0.581 (0.421, 0.730)
Warner et al (1976) 0.333 (0.251, 0.424)
Silverman et al (1978) 0.354 (0.222, 0.505)
Carswell et al (1979) 0.886 (0.754, 0.962)
Nelson et al (1979) —N— 0.391 (0.251, 0.546)
Ormerod et al (1980) —B— 0.625 (0.474, 0.760)
Van Asperen et al (1980) —— 0.282 (0.186, 0.395)
Clarke et al (1981) ] 0.591 (0.364, 0.793)
Laufer et al (1984) —B— 0.530 (0.428, 0.631)
Schonheyder et al (1985) —Hl— 0.441(0.312, 0.576)
Wonne, et al (1985) n 0.419 (0.245, 0.609)
Feanny et al (1988) H 0.308 (0.226, 0.400)
Forsyth et al (1988) —B— 0.191 (0.091, 0.333)
Zeaske et al (1988) — I 0.507 (0.389, 0.624)
Knutsen et al (1990) —— 0.479 (0.361, 0.600)
Nicolai (1990) —l— 0.459 (0.377, 0.543)
Hutcheson et al (1991) 0.213(0.127, 0.323)
El-Dahr et al (1994) 0.204 (0.142, 0.278)
Mroueh et al (1994) HIll— 0.437 (0.331, 0.547)
Nikolaizik et al (1995) —B 0.673 (0.533, 0.793)
Becker et al (1996) —B— 0.226 (0.123, 0.362)
Hutcheson et al (1996) —B— 0.536 (0.439, 0.630)
Nikolaizik et al (1996) —B— 0.614 (0.455, 0.756)
Wojnarowski et al (1997) 0.263 (0.186, 0.352)
Torres-Lozano et al (1999) —— 0.233 (0.099, 0.423)
Henry et al (2000) 0.429 (0.218, 0.660)
Maiz et al (2002) 0.645 (0.527, 0.751)
Skov et al (2002) 0.341(0.243, 0.450)
Ritz (2005)" 0.125 (0.078, 0.186)
Barton et al (2008) 0.322 (0.226, 0.431)
Carneiro et al (2008) 0.027 (0.003, 0.094)
Fillaux et al (2012) 0.406 (0.345, 0.470)
Baxter et al (2013) 0.288 (0.216, 0.368)
Baxter et al (2013) —— 0.527 (0.388, 0.663)
Fillaux et al (2014) -l— 0.427 (0.336, 0.522)
Sharma et al (2014) — 0.341(0.201, 0.506)
combined 0.391(0.332, 0.451)

0.0 0.2 0.4 0.6 0.8 1.0

proportion (95% confidence interval)

Fig. 2. Prevalence of Aspergillus sensitization (AS) in patients with cystic fibrosis (random effects model). The prevalence of AS in the individual
studies is represented by a square (percentage) which runs a horizontal line (95% confidence intervals [CI]). The diamond at the bottom represents
the pooled prevalence from the studies.
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Fig. 3. Funnel plots comparing the proportion vs. the standard error of the proportion for the prevalence of Aspergillus sensitization (a) and aller-
gic bronchopulmonary aspergillosis (b) in patients with cystic fibrosis. The circles represent the trials included in the meta-analysis. The line in
the centre indicates the summary proportion. The other lines represent the 95% confidence intervals. There was evidence of publication bias for

Aspergillus sensitization and allergic bronchopulmonary aspergillosis.

plot (Fig. 3) and on the statistical tests (Egger
bias = 2.37, P = 0.0001; Harbord bias = 2.52,
P = 0.0009; Begg-Mazumdar Kendall's tau = 0.047,
P = 0.653).

Discussion

The results of this meta-analysis suggest the prevalence
of Aspergillus sensitization and ABPA of approximately
39.1% and 8.9%, respectively, in patients with CF. The
prevalence of AS was similar in children and adults,
but the prevalence of ABPA was significantly higher in
adults. This intuitively implies that sensitization to
Aspergilli occurs early in the course of the illness, while
ABPA occurs later in the disease course. As most
reports of ABPA in CF are from specialized CF clinics, a
possibility of referral bias cannot be excluded.

The classification of Aspergillus-related pulmonary
disorders is constantly changing [70]. Inhalation of
A. fumigatus spores leads to a spectrum of pulmonary
manifestations in patients with CF. In general, after ini-
tial colonization by A. fumigatus, the patient may (a)
harbour the fungus for a short duration and later clear
it, the transient carrier; (b) become sensitized to the
A. fumigatus, that is Aspergillus sensitization; (c) har-
bour the strain for long durations, which constitutes
Aspergillus colonization; or (d) develop the syndrome
of ABPA. In addition to the above, less common pul-
monary manifestations of A. fumigatus in CF include
the development of aspergilloma [71], invasive pul-
monary aspergillosis [72] and the syndrome of Asper-
gillus bronchitis [73]. These manifestations are not
discrete, and there is significant overlap amongst them.
In CF, it is often difficult to differentiate AS from ABPA
as several patients demonstrate spontaneous normaliza-

tion in many immunologic parameters including IgE
levels [29]. Recently, attempts have been made to dif-
ferentiate between AS and ABPA in CF. The basophil
CD203c levels upon stimulation by A. fumigatus aller-
gen have good predictive value in discriminating ABPA
from AS [74]. In another study, a galactomannan index
of >0.5 and A. fumigatus-specific IgG value of
> 75 mg/L offered a sensitivity and specificity of 96%
and 100%, and 96% and 90%, respectively, in differen-
tiating ABPA from AS [64].

Allergic bronchopulmonary aspergillosis

The diagnosis of ABPA in CF is challenging as the
clinical features of ABPA such as cough, expectora-
tion, wheezing and hemoptysis can occur in CF per se
without ABPA [75]. Bronchiectasis, a manifestation of
CF, can also be encountered in ABPA. The earliest cri-
teria for diagnosing ABPA in patients with CF were
proposed by Nelson et al. [15] in the year 1979. Fol-
lowing this, several criteria have been proposed for
the diagnosis of ABPA (Table 4). All the criteria rely
on several of the following parameters for diagnosis
of ABPA: wheezing, immediate skin test reactivity,
elevated A. fumigatus-specific IgE/IgG, elevated IgE
levels, radiologic infiltrates, central bronchiectasis,
presence of serum precipitins, peripheral eosinophilia,
presence of Aspergillus in sputum and a steroid
responsive disease. None of the aforementioned param-
eter alone specific for diagnosing ABPA. Also, there is
no consensus on the number of criteria needed for the
diagnosis of ABPA. The most specific criteria for diag-
nosing ABPA are high-attenuation mucus (defined as
impacted mucus within airways being visually denser
than paraspinal skeletal muscle) [76-79]; however, this
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Nelson et al (1979)

0.1087 (0.0362, 0.2357)

Ormerod et al (1980) 0.1458 (0.0607, 0.2776)
Laufer et al (1984) — 0.1000 (0.0490, 0.1762)
Feanny et al (1988) — 0.1026 (0.0541, 0.1723)
Schonheyder et al (1988) |  —Jil—— 0.0500 (0.0242, 0.0900)
Zeaske et al (1988) 0.1333 (0.0658, 0.2316)
Simmonds etal (1990) | —l— 0.0584 (0.0255, 0.1118)
Knutsen et al (1990) 0.1233 (0.0580, 0.2212)
Hutcheson et al (1991) | ——l—— 0.0506 (0.0140, 0.1246)
Mroueh et al (1994) —— 0.0636 (0.0360, 0.1027)
Marchant et al (1994) — 0.0688 (0.0348, 0.1197)
Nikolaizik et al (1995) 0.1818 (0.0908, 0.3090)
Becker et al (1996) ——— 0.0189 (0.0005, 0.1007)
Hutcheson et al (1996) | —Jl—— 0.0508 (0.0189, 0.1074)

Nikolaizik et al (1996) 0.1364 (0.0517, 0.2735)
Nepomuceno et al (1999) —.— 0.0930 (0.0541, 0.1467)
Geller et al (1999) . 0.0198 (0.0175, 0.0222)
Cimon et al (2000) | —ll— 0.0391 (0.0128, 0.0888)
Skov et al (2000) — 0.1092 (0.0726, 0.1560)
Mastella et al (2000) . 0.0777 (0.0730, 0.0825)
Henry et al (2000) = 0.0476 (0.0012, 0.2382)
Taccetti et al (2000) - 0.0554 (0.0476, 0.0640)
Maiz,L. et al (2002) 0.1316 (0.0649, 0.2287)
Casaulta et al (2005) 0.1486 (0.0766, 0.2504)
Ritz et al (2005) — 0.0688 (0.0348, 0.1197)

Skov et al (2005) - 0.0469 (0.0252, 0.0789)
Almeida et al (2006) i 0.0938 (0.0198, 0.2502)
Kraemer et al (2006) - 0.1311 (0.0769, 0.2042)
Latzin et al (2008) 0.2500 (0.1364, 0.3960)
Chotirmall et al (2008) 0.1200 (0.0453, 0.2431)
Barton et al (2008) —— 0.0805 (0.0330, 0.1588)
Carneiro et al (2008) (—ll——— 0.0270 (0.0033, 0.0942)

Rapaka et al (2008) - 0.0705 (0.0484, 0.0985)
Simmonds et al (2009) — . 0.0982 (0.0501, 0.1689)
Amin et al (2010) | l— 0.0261 (0.0096, 0.0559)

Jubin et al (2010)
Paugam. et al (2010)
Mortensen et al (2011)

0.0941(0.0415,0.1771)
0.0896 (0.0539, 0.1378)
0.0836 (0.0543, 0.1219)

Sequeiros et al (2012) 0.1552 (0.0735, 0.2742)
Fillaux et al (2012) 0.1355 (0.0957, 0.1841)
Baxter et al (2013) —.— 0.1575 (0.1026, 0.2269)
Fillaux et al (2014) | —ll—— 0.0342 (0.0094, 0.0852)

Noni et al (2014) — 0.1488 (0.0906, 0.2249)
Parize et al (2014) — 0.0751 (0.0505, 0.1067)
Sharma et al (2014) 0.1463 (0.0557, 0.2917)
combined v 0.0894 (0.0735, 0.1067)

oo a1 o2 Tz o4

proportion (95% confidence interval)

Fig. 4. Prevalence of allergic bronchopulmonary aspergillosis (ABPA) in patients with cystic fibrosis (random effects model). The prevalence of
ABPA in the individual studies is represented by a square (percentage) which runs a horizontal line (95% confidence intervals [CI]). The diamond
at the bottom represents the pooled prevalence from the studies.
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has not been systematically evaluated in patients with
CF [80].

Recognizing the lack of uniform diagnostic criteria, a
workshop was conducted by the international cystic
fibrosis foundation (CFF), and criteria were proposed for
the diagnosis of ABPA in CF [81]. Yet, 50% of the pub-
lications after 2005 used a different criteria for diag-
nosing ABPA (Table 1). Thus, significant clinical
heterogeneity still exists in the diagnosis of ABPA. To
make the diagnosis more accurate, several novel mark-
ers are also being evaluated. Some of these include the
recombinant Aspergillus allergens [50, 82], the use of
sputum RT-PCR and sputum galactomannan [64]. How-
ever, it would be ideal if a single criteria are used as it
would allow comparison of patients and will thus bene-
fit clinical research particularly studies planning to
evaluate aetiology and/or newer therapies.

Aspergillus sensitization

The pooled prevalence of AS was estimated to be 39.1%
and was higher when determined using skin tests com-
pared to specific IgE levels (43.8% vs. 32.8%). Older stud-
ies in asthmatic patients also have shown skin tests to
have higher sensitivity compared to specific IgE levels in
determining fungal sensitization [83, 84]. The reason for
this is not clear but could be related to the presence of
IgE antibodies in the serum which react to non-specific
antigens used in skin testing but are not detected by the
RAST assay [85]. Up to 20% of the patients can have dis-
cordant results of skin tests and specific IgE levels [85,
86]. The better of the two methods is not clear due to the
absence of a reference standard. Whether both tests
should be performed to detect fungal sensitization also
remains unknown [87]. In a recent study, we found
A. fumigatus-specific IgE to demonstrate 100% sensitiv-
ity in the diagnosis of ABPA complicating asthma [79].
Similar studies are also warranted in ABPA complicating
CF. In the current meta-analysis, the prevalence of skin
test positivity was similar with the intradermal technique
as well as the percutaneous technique. However, when
both the tests were used sequentially, the rates of positive
skin tests were higher. This is in contrast to the results of
an earlier meta-analysis in asthma, where intradermal
tests were found to be more sensitive than skin prick tests
[4]. The clinical significance of Aspergillus sensitization
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