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Summary

This study was carried out to find the prevalence of precipitin reactions in the sera of
200 North American asthmatic subjects. Precipitins were detected by the double
diffusion technique using different extracts of Aspergillus fumigatus, including a
reference *home produced’ extract and five commercial extracts from three different
suppliers. In addition, antigenicity of these extracts was assessed by crossed
immunoelectrophoresis (XIE). Of the sera, 13-5%, reacted to the reference extract and
from 2-5 to 129 to the different commercial extracts; 22-5%, of the sera reacted to at
least one extract. No one serum reacted to all the extracts. Two of fifty-one (4%,) non-
atopic patients with a negative immediate prick test to A. fumigatus, six of eighty-seven
(6:9%) atopic patients with a negative immediate reaction to A. fumigatus, and
thirty-seven of sixty two (59%,) atopic patients with a positive immediate reaction to 4.
Sfumigatus had precipitins to at least one of the extracts used, the skin tests being
performed using the A. fumigatus reference extract. The prevalence of precipitin
reactions bore a strong correlation with the antigenicity of the extracts by XIE. The
same reference extract was also used for specific IgE measurements (Brompton
extract, Malo & Paquin, 1979). It was found that patients with precipitins had
significantly (P <0-001) higher specific and total IgE values than patients without
precipitins. In the group of patients with positive skin test, those with precipitins had
significantly (P <0-05) higher specific IgE values than those without. The authors
conclude that different extracts of 4. fumigatus should be used to assess the presence of
precipitins. The antigenicity of these extracts should also be assayed.

Introduction

Recent studies (Schwartz et al., 1978; Malo & Paquin, 1979) have shown that the
incidence of immediate sensitivity to Aspergillus fumigatus in asthmatics is at least
equal in North America to that found in the U.K. These findings do not explain why
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allergic bronchopulmonary aspergillosis (ABPA) seems less frequent in North
America. Pathogenesis of this disease may be explained by the presence of both type I
and type IlII immunological reactions. We decided to investigate the prevalence of
precipitin reactions, reflecting the type I1I component of the allergic mechanism, in a
North American asthmatic population.

As the use of inadequate antigenic extracts has been blamed for lack of recognition
of ABPA previously (Hoehne, et al., 1973) and, since the use of several extracts has
been recommended to overcome known antigenic variation (Longbottom & Pepys,
1964), we used six different extracts. These included a ‘reference’ extract prepared by
one of us (J.L.L.) which had already been extensively used satisfactorily and five
commercially available extracts from three different companies. This was not only in
order to assess the reactivity of the sera but also to compare and note the
reactivity/antigenicity of some presently available commercial extracts. The antigeni-
city of all the extracts was tested by a crossed immunoelectrophoresis (XIE) test, and
presence of C-substance was examined using a CRP-positive serum.

Patients and methods

Patients

Two hundred asthmatic subjects were studied. The relevant information about the
clinical features of these patients and the results of immediate sensitivity to A.
Sumigatus (prick immediate reactions, total IgE, specific IgE to A. fumigatus) were
described in a previous paper (Malo & Paquin, 1979). These prick tests and specific [gE
measurements included the same reference batch of A. fumigatus (Brompton extract)
as the reference extract used in the present study. At the time of the study, blood was
taken and the serum kept at —20°C until the precipitin test was performed.

Methods

A micromethod variant of the double diffusion test (Ouchterlony, 1953; Longbottom
& Pepys, 1964) developed by one of us (J.L.L.) was used for the assessment of
precipitins. This micromethod is a scaled down version of the standard double
diffusion test that has been extensively used and recommended by one of the
commercial suppliers (Bencard). This micromethod was found to be just slightly less
sensitive than the standard double diffusion test due to a lower serum/antigen ratio.
The gel depth is 2 mm, the central wall 6 mm in diameter, peripheral wells 2:5 mm with
distance between, edge to edge, 3 mm. The neat serum was placed in the central well,
approximately 30 to 60 min before putting the antigens in the peripheral wells. Plates
were kept at room temperature (20°C) which did not fluctuate significantly. Humidity
was kept constant by placing a plastic cover over the plates. Plates were examined at 18,
24, 48 and 72 hr for the presence of precipitins.

XIE was performed using the reference extract and four of the five commercial
extracts according to the method previously described by one of us (Longbottom,
1978). The test was carried out on cleaned glass slides (8-2 cm?) with a 1-mm layer of 1%,
veronal buffered agarose gel (pH =8-6) and 3-4 ul of antigen solution was introduced in
a single lower lateral well. A potential of 4:5-5 V/cm was applied for 60-90 min. After
removing the slide from the bath, a window of 3-5 x 5 cm was cut out of the gel in the
central area. The buffered agarose (2-4 ml) at 56"C containing 300 ul (=15 ul/cm? of
gel) of reference serum was poured into the window. After rotating the slides 90°, a
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potential of 1-4 V/em was applied for 20 hr in the second dimension. The plates were
washed, dried and stained with Coomassie (Kenacid) blue G or R 0-5% in 45:10:45
mixture of ethanol: glacial acetic acid : distilled water. The reference serum was a pool
of sera from four aspergilloma patients. Each of these sera had given thirty or more
peaks when tested individually using a reference batch of antigen.

Testing for C-substance was done using a CRP-positive serum with a method
previously described (Longbottom & Pepys, 1964), i.e. a double diffusion test but
without citrate buffer in the agar.

Antigenic extracts

Six different antigenic extracts of A. fumigarus were used. The reference extract
(= Brompton extract, Malo & Paquin, 1979) was prepared by one of us (J.L.L.) from
freeze-dried, dialysed culture filtrates of the fungus grown at room temperature for 5
weeks on an histoplasmin synthetic medium (Longbottom & Pepys, 1964). This extract
was also used for eliciting the skin test reactions and specific IgE measurements (Malo
& Paquin, 1979). Five commercial extracts were also used. These antigens were
obtained from two North American companies (Hollister-Stier and Greer Lab.) and
one U.K. manufacturer (Bencard) distributing under licence in North America. Greer
Lab. supplies in the same kit two different antigens of Aspergillus (No. 1, broth
antigen; No. 6, cellular antigen). Bencard also provides two extracts in their
serodiagnostic kit so as to be complementary to each other (Longbottom, 1978), being
prepared from different types (short term deep and long term surface) of fungal culture.
Finally, the Hollister-Stier antigen was as supplied in their hypersensitivity pneu-
monitis test and was prepared at a concentration to give positive precipitin lines with
specific antisera. Except for this latter antigen, all the preparations were used at a
concentration of 20 mg/ml (i.e. as supplied).

Results

Precipitins

The prevalence of positive precipitins to all the extracts is listed in Table 1. No one
serum reacted with all the extracts. Forty-five (22-5%/) sera reacted to at least one of the
extracts, twenty-nine (14.5%) to at least two, and fifteen (7-5%) to more than two
extracts. The overall prevalence varied from 2-5% to 13-5%, depending on the extract
used. It can be seen that the combined use of the two extracts provided by Bencard and
Greer Lab. respectively, yielded an increase in the number of positive reactions.
Indeed, in most instances, sera reacting to one extract did not react to the other extract
and vice-versa.

Crossed immunoelectrophoresis

The antigenicity of the extracts was assessed by counting the number of peaks
demonstrated by XIE. As shown in Table 1, there was a good correlation between the
antigenicity of the extracts and the prevalence of precipitin reactions. Two extracts
showed more than twenty-five peaks on XIE, two between twenty-one and twenty-five
peaks and one between fifteen and twenty peaks. Figure 1 illustrates these peaks for the
five extracts used.
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Table 1. Prevalence of precipitin reactions and antigenicity of the extracts

Prevalence of

precipitins
Number Antigenicity of the

Extracts of sera 9% extracts by XIE*  C-substance
Reference 27 135 +4++ +
Bencard No. | 5 25 + -
Bencard No. 2 24 120 +++ =
Bencard No. 1 and No. 2t 29 145
Greer No. | 10 50 ++ -
Greer No. 2 7 35 Not done Not done
Greer No. | and No. 2t 16 80
Hollister-Stier 17 B85 ++ +

* XIE = crossed immunoelectrophoresis.

+ + +.more than twenty-five peaks; from twenty to twenty-five peaks; + from
fifteen to nineteen peaks.

+ Number of subjects reacting to one or the other or both of the extracts

Table 2. Prevalence of precipitins in different subgroups of asthmatics

Subgroups*
Atopic A. fumigatus +
(n=62)
Number of
subjects with Non-atopic Atopic 1 mg/ml
precipitins A. fumigatus— A. fumigatus — and 10 mg/ml
against: (n=51) (n=87) 10 mg/ml only Total
Reference extract 0 1 15 11 26
(0%) (1230 (24%)) (18%) (42%,
1 Extract 1 6 4 5 9
2 Extracts 1 0 8 5 13
3 Extracts 0 0 7 6 13
4 Extracts 0 0 2 0 2
Total 2 6 21 16 37
4% (6:9%) (3470 (25%) (59%)

* Atopy present if two or more positive immediate prick reactions to routine battery
of allergens. A. fumigatus—, negative immediate skin reaction to the reference
extract of A. fumigatus; A. fumigatus + , positive immediate skin reaction to the same
reference extract of A. fumigatus.
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(a)

(e)

Fig. 1. Crossed immunoelectrophoresis with five different extracts of A. fumigatus. (a) Reference extract;
more than twenty-five peaks seen; (b) Bencard no. 2; more than twenty-five peaks seen; (c) Bencard no. 1;
fifteen to nineteen peaks demonstrated; (d) Greer No. 1; between twenty and twenty-five peaks
demonstrated; (e) Hollister—Stier; between twenty and twenty-five peaks seen.

Correlation between the results of immediate sensitivity and precipitins to the same A.
Sfumigatus extract

Among the 200 asthmatic subjects, it was shown (Malo & Paquin, 1979) that there were
fifty-one non-atopic patients, eighty-seven atopics (two or more positive immediate
prick reactions to a routine battery of common allergens) with a negative immediate
skin test to A. fumigatus and sixty-two atopics with a positive immediate skin test to A.
fumigatus. Table 2 gives the prevalence of precipitins in these sub-groups. Only one
patient with a negative prick test to 4. fumigatus had precipitins. Patients with positive
precipitins were mainly found in the group with a positive prick test to 4. fumigatus. On
the same table, atopic patients with a positive skin test to 4. fumigatus are divided in
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Fig. 2. Mean (+1 s.e.) values of specific IgE and total IgE in three subgroups of patients: patients with
positive precipitin and positive skin test to the reference extract of A. fumigatus; patients with negative
precipitin but positive skin test; patients with negative precipitin and negative skin test. The level of statistical
significance for the between-group comparisons of values obtained by the Student’s unpaired ¢ test is shown.

those who reacted at a concentration of 1 mg/ml from those who only reacted at 10
mg/ml. As a whole, twenty-six of sixty-two (42%,) atopic patients with a positive prick
test to A. fumigatus also had precipitins to the reference extract. Fifteen of these
sixty-two patients (24°%,) had precipitins and a positive prick test at 1 mg/ml
concentration while eleven of sixty-two (18%) besides having precipitins reacted on
their skin at 10 mg/ml only. Thirty-seven of sixty-two (59%,) atopic patients with a
positive prick test to 4. fumigatus had precipitins to at least one of the extracts. Of these
thirty-seven subjects, twenty-one (347, of sixty-two) reacted on their skin at 1 mg/ml
while sixteen (259, of sixty-two) had a positive skin test at 10 mg/ml.

Figure 2 shows the mean values ( £+ 1 s.e.) of specific and total IgE in relation with
the results of precipitins and skin test. Patients with positive precipitins and positive
skin tests had significantly (P < 0-05) higher values of specific IgE than patients without
precipitins but with positive skin tests. As a whole, patients with positive precipitins
had significantly (P <0-:001) higher values for specific and total IgE than patients
without precipitins.

Discussion

Our study shows that the presence of A. fumigatus precipitating antibodies in 22-5% of
an asthmatic population is rather higher than that found in most other reports.
Prevalences of 99, (Longbottom & Pepys, 1964), 79, (Mearns, Longbottom & Batten,
1967), 13% (Henderson, English & Vecht, 1968), and, more recently, 10-5%;, (Schwartz
et al., 1978) has been found in different British asthmatic populations. Prevalences of
11-5%; (Hoehne, Reed & Dickie, 1971), 9%, (Hoehne, Reed & Dickie, 1973), and 7-5%,
(Schwartz et al., 1978) have been found in North American asthmatic adults. These
discrepancies cannot be accounted for by non-specific reactions since positive
reactions were very rarely found in non-atopics or in atopics with a negative immediate
skin test. All the reactions were of the sharply defined protein-antigen/antibody type
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(Longbottom & Pepys, 1975). Moreover, the addition of citrate buffer in our gel would
have prevented any false positive reactions due to the C-reactive protein, as two of the
six antigenic extracts did contain C-substance. These reactions are also unlikely to be
due to the cross-reactivity of polysaccharide-type antigenic components with those of
other fungi or dermatophytes. If this had been the case, a similar prevalence of such
precipitins, characteristically of a broad diffuse nature, would have been expected in
atopic patients with or without a positive prick reaction to A. fumigatus. These atopic
individuals are indeed more likely to be sensitive to several antigens. Only one atopic
subject out of eighty-seven with a negative prick reaction to A. fumigatus had
precipitins to the reference extract. Another explanation would be that these
individuals with positive precipitins, of whom the majority also had a positive skin
reaction to A. fumigatus, were patients with ABPA. At the time of the study, all the
patients had a chest radiograph taken and no acute shadows such as described in acute
ABPA (McCarthy & Pepys, 1971) were identified. Nevertheless, any previous shadow
could not be excluded. Bronchography was not done to detect the presence of
bronchiectasis. Even if it had been done, Rosenberg et al. (1977) have suggested that in
the early stage of ABPA bronchography might be reported as normal. Patients with
positive skin tests and precipitins but without other evidence of ABPA have been found
by others (Malo ef al., 1977) and they may be likely candidates to develop ABPA.

Other explanations for this difference in prevalence of precipitins found in our
study could be proposed. The numbers of asthmatics included in the studies by
Mearns, Longbottom & Batten (1967) and by Henderson, English & Vecht (1968) are
sixty and thirty-nine respectively which are both lower than the number of subjects in
our survey. We also used six different extracts of A. fumigatus. Only one extract was
used by Schwartz er al. (1978), two by Longbottom & Pepys (1964) whereas the
number of extracts used by Mearns, Longbottom & Batten (1967) and by Henderson,
English & Vecht (1968) is not specified. The other studies published by Hoehne and
colleagues (Hoehne, Reed & Dickie, 1971; Hoehne, Reed & Dickie, 1973) are
comparable to our work as regards the number of antigens used (eight) and the number
of adult asthmatics included (222 and 225). These investigators nevertheless ‘consi-
dered positive (reactions) if it formed at least one band with two or more of the
preparations’. Using the same criteria in our study, it can be seen from Table 2 that the
prevalence found in our population would then be 14-5%,, which is close to the 11-5%,
and 9%, mentioned by these authors.

Positive precipitins were found predominantly in the group of subjects with
positive immediate skin reactions to A. fumigatus and very rarely in non-atopics or in
atopics with a negative immediate skin reaction to 4. fumigatus. Of atopic patients
with a positive prick test to A. fumigatus 42°%, showed precipitins with the reference
extract and 599, with at least one of the extracts. These figures could be compared with
those of Hoehne, Reed & Dickie (1973) who found precpitins in half of their patients
with positive skin tests to A. fumigatus and in only 3% of intrinsic asthmatics. Our
results are nevertheless very much higher than in the series reported by Schwartz er al.
(1978) who found figures of 15 and 227, of positive precipitins in atopic patients with a
positive skin test to A. fumigatus in Cleveland and London respectively. The
concentration of Aspergillus used by these authors is not specified and they did not use
the same Aspergillus extract for the skin test and precipitin test.

Our study clearly shows that depending on the antigen used the prevalence of
precipitin reactions varied greatly from 2:5%, to 13-5%,. Such differences could be
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correlated to the antigenicity of the extracts used, the extracts giving the highest
percentage of precipitins being those with the greatest number of peaks shown on XIE.
Other studies (Longbottom & Pepys, 1964; Hoehne, Reed & Dickie, 1971; Hoehne,
Reed & Dickie, 1973; Fink et al., 1977) have also shown that the presence of precipitins
varies depending on the extract used. Two companies (Bencard and Greer Lab.)
provide two different antigens in their diagnostic kits and, if used as such, it is seen from
our results that this éigniﬁcantly increases the yield of the test. Since our results also
show that the prevalence of precipitins is linked with the antigenicity of the extracts as
demonstrated by XIE, it would seem to us informative if the manufacturer could
provide details on the antigenicity of their extracts by methods similar to those
described here.

We also want to stress that our results on the presence of precipitins hold for
specific batches of antigen provided by each company at a specific time. Consequently,
these results should nct be interpreted as representing the overall antigenicity of all the
extracts provided by each manufacturer. From batch to batch, antigenicity may indeed
vary greatly and testing with different batches may have yielded considerably different
results. Use of the tandem crossed immunoelectrophoresis method of antigen assay
(Longbottom, 1978) would minimize such batch to batch variation.

The method used here for assessing precipitins is a scaled down version of the
double diffusion technique of Longbottom & Pepys (1964) which is also recommended
by one of the manufacturers (Bencard). This micromethod as been extensively used
and found to be just slightly less sensitive than the standard double diffusion technique
(personal observation J.L.L.). In their diakit, Greer Lab. supply precipitin plates
whose characteristics (i.e. gel depth, diameter of the wells, distance between wells) are
similar (£ 1 mm) to the method used in this study. Hollister-Stier provides plates
which are significantly different for thickness of the gel (5-6 mm) and distance between
central and peripheral wells (9 mm). There is a possibility that this different technique
suggested by the manufacturer could have yielded slightly different results for their
antigen.

The patients with precipitins had significantly (P <0-001) higher values for total
and specific IgE with the reference extract of A. fumigatus than the patients who did not
show reactions. In addition, patients with positive skin tests and precipitins to the same
extract had significantly (P <0-05) higher values of specific IgE than patients with
positive skin test but without precipitins. Such an association between precipitins and
reagins has been suggested by Longbottom and Pepys (1964). Correlations between the
levels of IgE and the likelihood of developing precipitins have also been shown in
ABPA (Malo et al., 1977) where both type I and type 111 immunological mechanisms
are likely to take part.

The aetiological importance of environmental factors in ABPA has been discussed
recently (Vernon & Allan, 1980). These authors came to the conclusion that host
susceptibility played a greater role than the level of Aspergillus spores in the
atmosphere. Solomon (1976) found a prevalence of 319, of North American houses
with Aspergillus spores. They did not find, however, the seasonal variation described in
England. Monthly comparisons of levels in different parts of North America and the
U.K. may throw new light on the subject.
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