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Allergic bronchopulmonary aspergillosis (ABPA) is a frequent complication in cystic fibrosis patients. The
diagnosis remains difficult and requires a combination of clinical, radiological, biological, and mycological
criteria. The aim of this study was to analyze the added value of two recombinant antigens, rAspf4 and rAspf6,
associated with the detection of specific IgG; precipitins; total IgE; and Aspergillus fumigatus in sputum for the
diagnosis of ABPA. In a retrospective study, we determined the specific IgE responses to these recombinants
in 133 sera of 65 cystic fibrosis patients. We selected an average of five serum samples from each of the 17
patients with ABPA (13 proven and 4 probable ABPA) and from 3 patients with Aspergillus bronchitis and
rhinosinusitis. One serum sample for the 45 patients without ABPA was tested. The sensitivity of specific IgE
detection against rAspf4 calculated per patient (92.3%) was significantly higher (P < 0.05) than that of rAspf6
(53.8%). When rAspf4 IgE detection was associated with anti-Aspergillus 1gG enzyme-linked immunosorbent
assay (ELISA) and precipitin detection, the sensitivity rose to 100%. The specificities of rAspf4 and rAspf6 IgE
detection were 93.7% and 91.6%, respectively. Other diagnostic criteria had slightly lower specificities (87.5%
for anti-Aspergillus 1gG ELISA, 89.6% for precipitins, 84.4% for total IgE, and 85.0% for positive A. fumigatus
culture in sputum). In conclusion, this retrospective study showed the relevance of rAspf4 IgE detection, in
combination with other biological markers (Aspergillus 1gG ELISA, precipitins, and total IgE), for improving

the biological diagnosis of ABPA.

Allergic bronchopulmonary aspergillosis (ABPA) is a fre-
quent complication in patients with cystic fibrosis that causes
significant respiratory morbidity (1, 13, 18). The exact preva-
lence of ABPA is not clearly known; however, it ranges from 2
to 25% in patients with cystic fibrosis (22). ABPA may lead to
acute worsening of the respiratory condition and ongoing de-
cline in lung function. Without adequate treatment, ABPA
ultimately progresses to a chronic state with lung fibrosis.
ABPA is a hypersensitivity pulmonary disease associated with
inflammatory destruction of airways in response to Aspergillus
allergens (23). Thus, chronic airway colonization with Aspergil-
lus induces strong inflammatory responses with high IgE levels
(20). The factors leading to ABPA are not clearly understood,
but it is believed that Aspergillus-specific, IgE-mediated type I
hypersensitivity reactions and specific IgG-mediated type III
hypersensitivity reactions play central roles in the pathogenesis
of ABPA (18). Furthermore, host factors, including individual
susceptibility, may contribute to the immunopathogenesis of
ABPA. Early diagnosis and treatment of ABPA are important
to prevent serious and potentially irreversible lung damage (9).

ABPA is defined by five major diagnostic criteria, according
to the Cystic Fibrosis Foundation Consensus Conference (19,
23): (i) acute or subacute clinical deterioration and decline in
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pulmonary function not attributable to another etiology, (ii)
elevated serum IgE concentrations, (iii) immediate prick test
reactivity to Aspergillus antigen or presence of specific IgE
antibodies to Aspergillus fumigatus, (iv) precipitating antibodies
to A. fumigatus or elevated serum IgG antibodies to A. fumiga-
tus, and (v) history of pulmonary infiltrates (transient or fixed)
and central bronchiectasis. Minor diagnostic criteria include
repeated detection of Aspergillus species in sputum samples, a
history of expectoration of brown plugs or flecks, and late skin
reactivity to Aspergillus antigens. Despite these criteria, diag-
nosis of ABPA in cystic fibrosis patients remains particularly
difficult (3, 16, 21, 22). Therefore, as stated in the most recent
consensus document on the diagnosis and therapy of ABPA in
cystic fibrosis patients (19), serological findings should strongly
contribute to the confirmation or exclusion of clinically sus-
pected ABPA.

The demonstration that some recombinant antigens are spe-
cifically expressed only in hyphae explains why an IgE response
to these antigens may occur in ABPA patients but not in A.
fumigatus-sensitized patients. Thus, cloning, characterization,
production, and clinical evaluation of A. fumigatus allergens
have been major advances in the diagnosis of ABPA and help
in the understanding of the pathophysiological mechanisms
underlying the disease (9). The rAspfl, rAspf2, rAspf3, rAspf4,
and rAspf6 recombinant allergens have been evaluated for
their diagnostic performance in several serological studies con-
cerning patients with both asthma and cystic fibrosis, with or
without ABPA, and showed high specificity for the detection of
A. fumigatus sensitization, as well as ABPA (14). Serological
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investigations involving rAspf4 and rAspf6 showed that aller-
gen-specific IgE levels against these proteins increased almost
exclusively in samples from patients with ABPA (9). However,
de Oliveira et al. (10) showed that the determination of the IgE
response against A. fumigatus recombinant antigens in asth-
matic patients with immediate cutaneous reactivity to A. fu-
migatus was not helpful in diagnosing ABPA or in detecting
sensitization to fungi.

The aim of the present study was to evaluate the efficiencies
of two recombinant allergens (rAspf4 and rAspf6) in IgE de-
tection, combined with anti-Aspergillus 1gG, precipitins, total
serum IgE concentration, and fungal culture of sputum.

MATERIALS AND METHODS

Patients. In our retrospective study, a total of 133 sera from 65 patients (30
males and 35 females; mean age, 13.2 = 9.9 years; range, 1 to 53 years of age)
with cystic fibrosis, regularly followed up at the Grenoble cystic fibrosis center
between 1997 and 2008, were analyzed. Among the 65 patients, 13 were consid-
ered to present clinical, radiological, and biological criteria of proven ABPA and
4 of probable ABPA; 2 had Aspergillus bronchitis and 1 had Aspergillus rhinosi-
nusitis; and 45 presented no criteria for ABPA. One serum sample was collected
from these 45 patients. An average of five sequential samples were obtained from
each of the 20 patients with A. fumigatus-associated diseases; one or two samples
were collected before aspergillosis diagnosis to study how early the serological
tests were positive, and three or four sera were sampled after the ABPA diag-
nosis to study the evolution of biological criteria. The ABPA patients
were treated with steroids, and the patients with bronchitis or rhinosinusitis were
treated with voriconazole. In the serum samples, the following parameters were
measured: (i) specific IgE against the A. fumigatus recombinant allergens (rAspf4
and rAspf6), (ii) specific anti-A. fumigatus 1gG by ELISA, (iii) precipitins by
immunoelectrophoresis (IE), and (iv) total IgE level. Sputum samples for per-
forming mycological cultures and serum samples were collected from all patients
at the same time.

Biological tests. (i) IgE detection. Total IgE and specific IgE against two A.
fumigatus recombinants (rAspf4 and rAspf6) were measured by the Pharmacia
UniCAP method (Phadia SAS, Saint Quentin en Yvelines, France). The results
of the total IgE measurements were expressed in kIU/liter, and the cutoff used
was 500 kIU/liter. This cutoff corresponds to the lowest limit for the IgE level in
favor of ABPA in the guidelines. The results of specific IgE measurements
against rAspf 4 and rAspf6 were given in kAU/liter, where A represents allergen-
specific antibodies (1 kAU/liter = 2.4 ng/ml). The cutoff IgE against rAspf4 and
rAspf6 was 0.1 kAUl/liter, according to the manufacturer’s instructions.

(ii) Anti-A. fumigatus IgG detection. Specific anti-A. fumigatus 1gG was mea-
sured by a homemade enzyme-linked immunosorbent assay (ELISA) method.
Metabolic antigens (concentrated culture medium) and somatic antigens (me-
chanically extracted from fungal mycelium) were prepared. Two A. fumigatus
strains, IHEM 9073 (isolated from an aspergilloma) and IHEM 22145 (isolated
from a human cerebral biopsy specimen) were cultured for antigenic prepara-
tion. The strains were grown at 30°C for 21 days on a liquid modified Czapek
medium (saccharose, 15 g/liter; yeast nitrogen base, 1 g/liter; brain heart, 1
glliter; NaNOs, 3 g/liter; K,HPO,, 1 g/liter; KCl, 0.5 g/liter; MgSO,, 0.5 g/liter;
and FeSO, + 7H,0, 0.01g/liter). The culture flasks were shaken in a rotary shaker
(60 rpm). All the cultures were left at 4°C overnight before antigenic preparation.
Then, they were mechanically extracted with a homogenizer (Ultraturrax) in the
presence of 0.01 g sodium azide/liter and filtered at 4°C through 0.7-pum, 0.45-
wm, and 0.22-pm filters, respectively. The filtrates were dialyzed at 4°C for 48 h,
concentrated, and lyophilized. The two preparations from the two strains were
mixed, and the total protein level was determined using QuickStart Bradford
Dye Reagent (Bio-Rad protein assay 500-0205) with bovine serum albumin as a
standard (Bio-Rad 500-026). Catalases and chymotrypsin were detected and had
to be present to validate the antigenic preparation. In ELISA, the best results
were obtained with a fungal-protein concentration of 0.15 mg/ml. Briefly, the
microplates were coated with soluble antigens (0.15 mg/ml) in carbonate buffer
(carbonate-bicarbonate buffer; Sigma) and left at 4°C overnight. The plates were
stored at —80°C until they were used. Before use, the plates were washed with
washing buffer at pH 7.2 (phosphate buffer; Na,HPO,, 5.325 g;
NaH,PO, - 2H,0, 0.975 g; NaCl, 21.25 g; Tween 20, 0.125% [vol/vol]; distilled
water, total volume of 1 liter). They were then left for 15 min with a blocker (5%
nonfat milk in washing buffer) before being washed three times with washing
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buffer. Both the patients’ sera and positive and negative controls were diluted at
1/400 in washing buffer and nonfat milk. Then, 100 wl each was placed in
duplicate in each well and incubated at 37°C for 30 min. The plates were first
washed three times with the washing buffer, and then 100 pl of anti-human IgG
conjugated to peroxidase (Interchim, Montlugon, France) was added and incu-
bated at 37°C for 30 min. After four washings, 100 wl of orthophenylenediamine
dihydrochloride was added. After 10 min at room temperature in the dark, the
enzymatic reaction was stopped by adding 200 .l of 2 N sulfuric acid; the optical
density (OD) was then read at 492 nm on a spectrophotometer (Power Wave XS;
Bio Tek, Colmar, France). The final value was the sample OD times the correc-
tion factor (positive-control OD/positive reference value). The positive reference
value was the mean of 10 OD results for the positive control obtained in 10
different experiments. The positive control was a pool of sera from a patient with
proven aspergilloma. The negative control was a pool of sera from patients
without aspergillosis. The IgG ELISA cutoff was 0.75.

(iii) A. fumigatus precipitin detection. IE for precipitin detection was per-
formed with the metabolic and somatic antigens obtained from the IHEM 22145
strain that regularly gave a high level of catalase and chymotrypsin antigens (5).
The cutoff was two precipitin lines.

(iv) Fungal cultures of sputum. The samples were incubated for 6 days on
CAID 2 (bioMérieux, Marcy-I’Etoile, France) at 35°C to detect yeasts and on
Sabouraud medium (bioMérieux, Marcy-I’Etoile, France) at 27°C to detect
molds. If mold colonies were detected, morphological identification was per-
formed.

Statistical analysis. The x> test was used to compare sensitivities, specificities,
and negative and positive predictive values of the test with Yates correction (see
Table 3). The Mann-Whitney U test was used to compare biological values
between the proven-ABPA group and the non-ABPA group, excluding the small
group of three patients with Aspergillus-related diseases (Fig. 1). A P value of
<0.05 was considered significant.

RESULTS

The biological results for 20 patients with proven and prob-
able ABPA are detailed in Table 1 and those for the 3 patients
with aspergillosis diseases other than ABPA in Table 2. The
sensitivity, specificity, and negative and positive predictive val-
ues were calculated for each patient (Table 3). If at least one
serum was positive during the survey, the biological test was
considered positive for the patient and was used for the cal-
culation of biological criteria. The three patients with 4. fu-
migatus-associated diseases and the four probable ABPA pa-
tients were excluded from the calculation. In Table 4, the
performance of the techniques per serum was calculated for 49
sera sampled after ABPA diagnosis, for 15 sera of patients with
A. fumigatus-associated diseases, and for 45 sera of patients
without ABPA. In the group with proven ABPA, nine sera
were collected before the ABPA diagnosis (Table 1); they
allowed us to compare the positivity of the biological tests in
the suspected ABPA cases. In Fig. 1, the mean values and
standard deviations of the biological test results after ABPA
diagnosis were calculated for the three groups of patients:
proven ABPA (13 patients), fungal bronchitis or rhinosinusitis
(3 patients), and without ABPA (45 patients).

Sensitivity of biological markers. The sensitivity of rAspf4
IgE detection per patient (92.3%) was significantly higher (P <
0.05) than the sensitivity of rAspf6 detection (53.8%) (Table
3). Among the 13 proven ABPA cases, 12 had at least one
positive result with rAspf4 and 7 with rAspf6 (Table 1). When
the rAspf6 IgE detection yielded a positive result, the rAspf4
IgE detection was also positive. Anti-Aspergillus ELISA 1gG
and IE showed high sensitivity (92.3%). Only one patient (pa-
tient no. 13; serum no. 58 in Table 1) had positive results with
rAspf4 and rAspf6 but negative results with anti-A. fumigatus
IgG ELISA detection and IE. A sensitivity of 100% was
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FIG. 1. Mean results obtained for three groups of cystic fibrosis patients, 13 with ABPA, 3 with other fungal diseases, and 45 without ABPA.
The mean values of IgE detection using rAspf4 and rAspf6, as well as specific IlgG ELISA detection, were multiplied by 10; total IgE detection
was multiplied by 1072 in order to obtain the same range values. The results of the samples collected before diagnosis of proven ABPA were
excluded. Significant differences between the ABPA patient group and the control group (patients without ABPA) were observed. **, P < 0.001
for rAspf4, specific IgG, and total IgE; *, P < 0.05 for rAspf6. No significant difference was observed for the detection of Aspergillus in the sputum.
Statistical analysis was not performed for the group of three patients with bronchitis or sinusitis, as it was too small.

reached for ABPA patients using the combination of rAspf4
IgE, anti-A. fumigatus 1gG ELISA detection, and precipitins.
The sensitivity calculated per serum was lower than that cal-
culated per patient (Tables 3 and 4). The results in Table 1 and
Fig. 1 show that the levels of total IgE in serum samples
fluctuated greatly during the course of the disease. The mean
value was elevated in the ABPA group (Fig. 1). Moreover, the
four patients (no. 4, 7, 11, and 12 in Table 1) with low IgE
levels (<500 kIU/liter) were treated with corticosteroids and
should have had higher IgE levels in serum samples collected
before treatment. Among the four patients, one (no. 7) was not
tested on the day of ABPA diagnosis and one (no. 12) was
tested only once. The presence of A. fumigatus in sputum,
listed as a minor diagnostic criterion, was observed in only 7/13
patients (53.8%) (Table 3). The four patients with probable
ABPA (patients no. 14 to 17 in Table 1) had elevated values
with anti-A. fumigatus 1gG ELISA and IE. Two patients in this
group showed positive IgE levels against recombinant aller-
gens: one patient (no. 15) for rAspf4 and one patient (no. 16)
for rAspf6.

Specificity of biological markers. Table 2 shows that three
patients with Aspergillus bronchitis or rhinosinusitis had posi-
tive results for anti-A. fumigatus IgG detection, IE, and sputum
culture. The specific IgE detections against rAspf4 and rAspfo
were positive for one patient (no. 19 in Table 2). The total IgE
level was under 500 kIU/liter for these three patients. The
specificity calculated per patient was generally higher than
those per serum (Tables 3 and 4). Among the 45 patients
without ABPA, although only two false-positive results with
rAspf4 IgE detection were observed, the levels obtained were
very low (0.12 and 0.11 kAU/liter). Figure 1 clearly shows the
high specificity of IgE detection using rAspf4. Among the 45
patients without ABPA, three false-positive results with rAspf6

IgE detection were observed. Anti-A. fumigatus 1gG detection
was positive for 3 sera and total IgE for 5 sera. The specificity
per patient was slightly higher for rAspf4 and rAspf6 IgE
detection (93.7% and 91.6%, respectively) than the specifici-
ties of the other tests (anti-Aspergillus 1gG ELISA, 87.5%; IE,
89.6%; total IgE detection 84.4%; and Aspergillus detection in
sputum, 85.0%), but the differences were not significant (P <
0.05).

Negative and positive predictive values. The negative pre-
dictive values of rAspf4 IgE, anti-Aspergillus 1gG ELISA, and
IE were significantly higher than those of rAspf6 IgE, total
IgE, and Aspergillus culture in sputum (Tables 3 and 4) (P <
0.05). The positive predictive value of the rAspf4 test (80.0%
calculated per patient) was slightly higher than those of the
other five biological tests (from 58.3% to 70.6% calculated per
patient) (Table 3), but the differences were not significant (P >
0.05).

Importance of biological criteria before ABPA diagnosis. A
total of 15 sera from 10 patients were sampled before the
ABPA diagnosis (Table 1). Anti-Aspergillus 1gG ELISA and IE
were positive for 6/15 serum samples, total IgE for 4/11 sam-
ples, and fungal culture for 5/7 sputum samples. The rAspf4
IgE tests were positive for 3/14 sera sampled before ABPA was
diagnosed, and the rAspf6 IgE tests were negative. Thus, bio-
logical tests, such as anti-Aspergillus IgG ELISA, IE, total IgE,
and fungal culture, were often positive before ABPA diagnosis.

DISCUSSION

Difficulties in diagnosing ABPA in cystic fibrosis patients are
frequently reported in the literature. The wide variation in
diagnostic practices among clinics, different estimates of prev-
alence, and diagnosis time delays lead to undertreatment (25).
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TABLE 1. Biological results for 17 cystic fibrosis patients with proven or probable ABPA”

Antibodies to A. fumigatus

No. of
Patient Aspergillosis Serum o Total IgE/  Aspergillus
o™ Age(yr)  Gender” dfi’agﬁosis sample no.” rASpE aspts!  1gGe E (Err;;lgg;i no., (kIU/Ife ! el
(kAU/liter)  (kAU/liter)  index activities?) in sputum
1 10 M ABPA 1 (m—17) <0.10 <0.10 037 0 15.5 ND
2(m—2) <0.10 <0.10 0.58 3, cat+ 553 ND
3(m+7) 0.11 0.10 1.58 7, cat+, chym+ 3,090 0
4 (m + 20) 0.60 042 153 2, cat+ 422 0
5(m + 32) 6.52 2.75 292 3, cat+ ND 0
2 6 F ABPA 6(m—17)  ND¢ ND 04 0 ND ND
7 (m0) <0.10 <0.10 1.83 4, cat+ 289 3
8 (m + 13) 0.13 013 212 2, cat+ 292 0
9 (m + 30) 3.25 1.66 337 2, cat+ ND 0
10 (m + 40) 7.28 1.7 0.7 2, cat+ 2,140 1
3 14 M ABPA 11 (m0) <0.10 <0.10 334 4, cat+ 945 0
12 (m + 18) 0.98 020 148 3, cat+ 362 0
13 (m + 30) 3.09 1.00 2.6 2 889 0
14 (m + 38) 2.81 034 116 1 711 0
15 (m + 47) 0.52 2.27 534 3, cat+ 839 0
4 13 F ABPA 16 (m0) 1.62 0.34 1.38 3, cat+ 184 0
17 (m + 6) 0.47 0.11 0.64 2, cat+ 70 0
18 (m + 14) 0.27 0.1 035 0 33 0
19 (m + 21) 0.11 <0.10 058 0 <18 0
20 (m + 32) 0.77 014 215 3, cat+ 138 0
5 5 M ABPA 21 (m — 2) <0.10 0.10 051 1 805 ND
22 (m0) 3.49 0.28 1.77 5, cat+ 3,190 3
23 (m + 30) 3.74 0.28 063 0 1,650 0
24 (m + 48) 8.15 0.55 3.9 3 4,250 ND
25 (m + 54) 7.21 1.74 088 2 3,580 0
6 8 M ABPA 26 (m — 12) 117 <0.10 1.61 2 403 0
27 (m — 6) 2.79 <0.10 229 2 417 ND
28 (m0) 437 <0.10 187 2, cat+ 777 1
29 (m + 6) 5.45 <0.10 2.82 3, cat+ 726 0
30 (m + 12) 424 <010 177 2, cat+ 918 0
7 10 F ABPA 31 (m —4) <0.10 <0.10 036 0 QI 0
32 (m + 2) 0.64 <0.10 343 4, cat+ 227 3
33 (m + 11) 0.59 <0.10 4.61 7, cat+ 212 0
34 (m + 12) 0.35 <0.10 3.88 5, cat+ 142 ND
35 (m + 23) <0.10 <0.10 066 0 24 0
8 18 F ABPA 36 (m — 15) 0.80 <0.10 1.59 1 798 0
37 (m0) 2.56 <0.10 1.92 3, cat+ 2,380 0
38 (m + 9) 0.86 <010 106 1, cat+ 924 0
39 (m + 15) 1.07 <0.10 113 2 866 0
40 (m + 26) 0.37 <0.10 0.88 0 338 0
41 (m + 34) 0.58 <0.10 112 2 918 0
9 16 F ABPA 42 (m0) <0.10 <0.10 0.82 6, cat+ 198 ND
43 (m + 7) <0.10 <0.10 092 4 137 3
44 (m + 15) 0.20 <0.10 1.04 7, cat+ 169 3
45 (m + 31) 0.63 <0.10 1.70 4, cat+, chym+ 351 5
46 (m + 38) 1.64 <010 195 4, cat+ 622 15
10 16 F ABPA 47 (m — 25) <0.10 <0.10 0.03 0 426 ND
48 (m + 20) 2.03 <0.10 1.80 4, cat+ 1,080 ND
49 (m + 23) 1.03 <0.10 1.81 3, cat+ 716 ND
50 (m + 34) 0.51 <010 122 2,cat+ 612 ND
51 (m + 60) 0.16 <0.10 3.03 2, cat+ 531 ND
11 18 M ABPA 52 (m0) <0.10 <0.10 3.06 7, cat+, chym+ 268 ND
53 (m + 12) 0.10 0.27 278 3 407 1
54 (m + 19) <0.10 0.14 1.56 5, cat+ 272 5
55 (m + 24) <0.10 0.18 3.12 5, cat+ 304 ND
56 (m + 27) 0.11 019 257 5, cat+ 449 6
12 8 M ABPA 57 (m0) <0.10 <0.10 121 6, cat+ 18 6
13 21 F ABPA 58 (m + 84) 1.58 2.04 048 0 618 0
14 18 F Probable ABPA 59 (m — 28) <0.10 <0.10 1.13 2 ND 1
60 (m — 16) <0.10 <0.10 1.30 6, cat+ ND 5
61 (m — 8) <0.10 <0.10 2.04 4, cat+ 11 1
62 (m + 13) <0.10 <0.10 235 7, cat+ 10 9
63 (m + 26) <0.10 <0.10 2.70 6, cat+ ND 15

Continued on following page
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TABLE 1—Continued
Antibodies to A. fumigatus No. of
Patient Aspergillosis Serum o Total IgE/  Aspergillus
no. Age(y)  Gender diagnosis sample no.” rAspfa? rAspf6¢ e E (Elr;;ﬁgg’c 1% (kIUfliter)  colonies
(kAU/liter)  (kAU/liter)  index activities?) in sputum
15 19 M Probable ABPA 64 (m — 53) <0.10 <0.10 0 0 24 3
65 (m — 12) <0.10 <0.10 0.48 0 792 2
66 (m0) <0.10 <010 114 3 1,090 ND
67 (m + 13) 0.76 <0.10 2.35 1 1,540 ND
16 9 F Probable ABPA 68 (m — 5) <0.10 <0.10 0.51 0 76 0
69 (m0) <0.10 <0.10 0.75 0 526 1
70 (m + 1) <0.10 0.24 0.41 1, cat+ 224 ND
71 (m + 8) <0.10 0.10 0.27 0 137 1
72 (m + 23) <0.10 0.63 0.32 2 180 0
17 13 M Probable ABPA 73 <0.10 <0.10 1.16 3 17 20

“ M, male; F, female.

® The month of serum sampling (m +/—) in respect to the month of aspergillosis diagnosis (m0) for each patient is given in parentheses.

¢ Anti-Aspergillus ELISA IgG. An index value of >0.75 was considered positive.

@ Specific IgE against two A. fumigatus recombinants measured by the Pharmacia UniCAP method. A result of >0.1 kAU/liter was considered positive.
¢ IE for precipitin detection. More than 2 precipitin lines was considered positive. Positive enzymatic activities (catalase and chymotrypsin) are indicated (+).
/Total IgE measured by the Pharmacia UniCAP method. A result of >500 kIU/liter was considered positive.

£ ND, not determined.
" Positive results are shown in boldface type.

Consequently, combined biological and clinical criteria were
described and graded in the consensus conference (19).

The total IgE level is considered a major and useful test to
support the diagnosis and follow-up of ABPA (2). A normal
serum IgE level should exclude ABPA as the cause of the
patient’s symptoms. The situations in which IgE levels can be
normal in active ABPA have been described by Knutsen et al.
(12). Glucocorticoid therapy can explain a normal serum IgE
level (2). Different cutoffs for total IgE levels exist: some au-
thors used a cutoff of 1,000 IU/ml, while others used a cutoff of
500 IU/ml or 1,000 ng/ml (equivalent to 417 IU/ml). In the
present study, the cutoff used was 500 IU/ml, and the 3 patients

with rhinosinusitis and bronchitis due to A. fumigatus had val-
ues under 300 IU/ml. However, 4/13 patients with ABPA had
IgE levels under the cutoff. For them, corticotherapy could
explain the absence of elevated levels. High IgE levels (>500
IU/ml) were revealed in 5 patients without ABPA: four of
them were atopic, with allergic reactions to pollens and acar-
idan allergens, while two presented intestinal helminthiasis.
Specific anti-Aspergillus 1gG and precipitins indicate As-
pergillus antigen sensitization, as well as ABPA. These tests
have low discriminative power for ABPA diagnosis (4). In-
creased ELISA values were nevertheless observed in patients
with an Aspergillus-associated disease, as shown in Fig. 1. In

TABLE 2. Biological results for 3 cystic fibrosis patients with Aspergillus rhinosinusitis and bronchitis®

Antibodies to A. fumigatus

No. of
Parﬁfnt Age (yr)  Gender” A(s_j?zgigls?:m Serunlal g.ample — rAspf6e . IE (precipitin no., F(iol%l/ﬁltge% Agglegililel':s
(kAU/liter)  (kAU/liter) 180 index enzymatic in sputum
activities?) P
18 6 M Bronchitis 74 <0.10 <0.10 2.19 5, cat+ 48 ND
75 <0.10 <0.10 1.78 6, cat+ 44 3
76 <0.10 <0.10 0.38 0 26 ND
77 <0.10 <0.10 2.33 4, cat+ 94 2
78 <0.10 <0.10 22 6 ND/ 1
19 23 F Bronchitis 79 0.55 1.33 0.25 1 96 12
80 0.86 2.33 2.58 3 200 5
81 0.35 1.03 341 3 124 12
82 0.32 1.06 2.29 4, cat+ 115 8
83 0.19 0.87 0.99 10, cat+ 101 41
20 18 F Colonization 84 <0.10 <0.10 0.91 6 162 8
85 <0.10 <0.10 0.86 7, cat+ 298 5
Sinusitis 86 <0.10 <0.10 1.36 7, cat+, chym+ ND 40
87 <0.10 <0.10 3.24 5, cat+ ND 20
88 <0.10 <0.10 1.35 5 ND 3

“M, male; F, female.

’ Anti-Aspergillus ELISA IgG. An index value of >0.75 was considered positive.

¢ Specific IgE against two A. fumigatus recombinants measured by the Pharmacia UniCAP method. A result of >0.1 kAU/liter was considered positive.
41E for precipitin detection. More than 2 precipitin lines was considered positive. Positive enzymatic activities (catalase and chymotrypsin) are indicated (+).
¢ Total IgE measured by the Pharmacia UniCAP method. A result of >500 kIU/liter was considered positive.

FND, not determined.
& Positive results are shown in boldface type.
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TABLE 3. Sensitivity, specificity, and positive and negative predictive values of biological tests calculated per patient, excluding the four
patients with probable ABPA

Negative predictive Positive predictive

Test type Sensitivity (%)* Specificity (%)” value (%)° value (%)
rAspf4 IgE detection 92.3 (12/13) 93.7 (45/48) 97.8 (45/46) 80.0 (12/15)
rAspf6 IgE detection 53.8 (7/13) 91.6 (44/48) 88.0 (44/50) 63.6 (7/11)
Anti-Aspergillus 1gG ELISA 92.3 (12/13) 87.5 (42/48) 97.7 (42/43) 66.6 (12/18)
IE 92.3 (12/13) 89.6 (43/48) 97.7 (43/44) 70.6 (12/17)
Total IgE detection 69.2 (9/13) 84.4 (27/32) 87.1(27/31) 64.3 (9/14)
Culture of Aspergillus in sputum 53.8 (7/13) 85.0 (34/40) 85.0 (34/40) 58.3(7/12)

“ Sensitivity = true positive/(true positive + false negative).

b Specificity = true negative/(true negative + false positive).

¢ Negative predictive value = true negative/(true negative + false negative).
 Positive predictive value = true positive/(true positive + false positive).

addition, the specific IgG antibodies measured in ABPA sera
were elevated, as observed in our in-house ELISA for 12/13
patients with proven ABPA. However, in the three other clin-
ical forms of aspergillosis, the IgG levels were also high. The
precipitins were highly suggestive of aspergillosis. The pres-
ence of anti-catalase antibody was able to discriminate be-
tween sensitized cystic fibrosis patients and ABPA cystic fibro-
sis patients (17). Chymotrypsin detection has very low
sensitivity in this population (Table 1). Although the quality of
Aspergillus antigens is of great importance for reliable diagno-
sis, inconsistencies in commercial Aspergillus extracts have
been noted (7). The quality of our own antigens used in home-
made ELISA and IE was regularly checked, and both the
repeatability and reproducibility of the results have been highly
satisfactory. The presence of A. fumigatus in sputum is not
specific to ABPA (22), but Aspergillus colonization is the first
step leading to ABPA, depending on the individual suscepti-
bilities of cystic fibrosis patients (2). Thus, A. fumigatus was
more often isolated from the 17 ABPA patients (64.7%) and
from the 3 patients with other forms of aspergillosis than from
the ABPA-free population (6.6%). However, the colonization
intensity did not vary among the three groups (Fig. 1).

The major difficulty in the biological diagnosis of ABPA
remains the lack of standardization of the methods, as well as
of the antigens used. Recombinant technology is known to
enhance the reproducibility of antigen production (7, 8, 17,
24). For this reason, six A. fumigatus recombinants are now
commercially available for specific antibody detection. The
new standardized allergens are supposed to increase the accu-
racy of ABPA diagnosis. rAspfl, rAspf3, rAspf4, and rAspf6
recombinant allergens represent a useful measure to diagnose
ABPA but have not been successful for monitoring therapy (7).

Nevertheless, the data in the literature showed discordant re-
sults. de Oliveira et al. (10) have shown the lack of advantage
of these recombinants (rAspfl, rAspf2, rAspf3, rAspf4, and
rAspf6) in diagnosing ABPA. Other authors (11) have re-
ported that rAspf3 and rAspf4 allow discrimination between
ABPA and non-ABPA patients with atopic A. fumigatus-posi-
tive skin tests. According to the data in the literature (2, 11,
21), rAspf4 (a cytoplasmic protein with unknown function) and
rAspf6 recombinants have provided powerful tools for the
accurate diagnosis of ABPA. Kraemer et al. (13) have shown
that allergen-specific IgE against these two recombinants could
be detected almost exclusively in the sera of patients with
ABPA. rAspf4 sensitivity is usually higher than that of rAspf6
(6, 11), but not for Latzin et al. (15). In comparison, the
sensitivities obtained in our work were 92.3% for rAspf4 and
53.8% for rAspf6. These results are quite similar to those
reported by Knutsen et al. (11) (82% with rAspf4 and 25%
with rAspf6) and Bowyer et al. (6) (70% with rAspf4 and 30%
with rAspf6). The cutoff used (0.1 kAU/liter) was very low but
gave good sensitivity for specific IgE detection, especially with
the two recombinants (specificity, up to 90%). These two re-
combinants had slightly higher reactivities than other biologi-
cal markers. In our study, early suspected diagnosis was essen-
tially linked to the increase in specific IgG and the presence of
precipitins (Fig. 1). The IgE responses to the two recombinants
were rarely detectable before the acute ABPA stage.

In conclusion, our study showed how complementary differ-
ent biological markers are in diagnosing ABPA in cystic fibro-
sis patients. While the most sensitive techniques per patient
were rAspf4 IgE detection (92.3%), anti-Aspergillus IgG
ELISA (92.3%), and IE (92.3%), the most specific were rAspf4
and rAspf6 IgE detection (93.7% and 91.6%). The sensitivity

TABLE 4. Sensitivity, specificity, and positive and negative predictive values of biological tests calculated per sample of
the patient groups examined®

Negative predictive Positive predictive

Test type Sensitivity (%) Specificity (%) value (%) value (%)
rAspf4 IgE detection 81.6 (40/49) 88.3 (53/60) 85.5 (53/62) 85.1 (40/47)
rAspf6 IgE detection 46.9 (23/49) 86.6 (52/60) 66.6 (52/78) 74.2 (23/31)
Anti-Aspergillus 1gG ELISA 87.7 (43/49) 73.3 (44/60) 88.0 (44/50) 87.7 (43/49)
IE 85.7 (42/49) 73.3 (44/60) 86.3 (44/51) 87.5 (42/48)
Total IgE detection 47.9 (23/48) 87.5 (35/40) 58.3 (35/60) 82.1(23/28)
Culture of Aspergillus in sputum 32.5 (13/40) 69.2 (36/52) 57.1 (36/63) 44.8 (13/29)

¢ Samples of probable ABPA and samples collected before diagnosis of proven ABPA have been excluded.
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of rAspf4 IgE detection was 92.3%, whereas rAspf6 had lower
sensitivity (53.8%). Thus, our work confirmed the importance
of rAspf4 in the panel of biological markers of ABPA and the
limited efficiency of rAspf6.
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