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Spore and mycelial allergens of two species of Alternaria (A. brassicicola and A. akeruata) 
extracted under two d@erent conditions were analyzed by radiorocket immunoelectrophoresis, 
crossed radioimmunoelectrophoresis, and Western blotting with a pool of sera from 
Altemaria-allergic patients. More allergens were extracted after disruption of the cells if 
protease inhibitors and a phenol-binding component were included in the homogenization beer. 
However, the 31 kDa major allergen was extracted in about the same amount, either by 
incubation or by cell breakage of the cells. This 31 kDa allergen was present in higher 
concentration in the mycelium than in the spore. The difference between the two species studied 
is less than between spore and mycelium from the same species. (J ALLERGY CLIN IMUUNOL 1990; 
85:941-B.) 

J?revic~~s studies on Alternaria allergens have dem- 
onstrated the high variability among the different prep- 
arations. I4 The reasons for such heterogeneity are not 
well understood. However, it is known that, among 
the numerous causes of variability, the type of species 
of strain, type of propagule (spore or mycelium), and 
extraction procedure are important in the extraction 
of fungal allergens .5 In the case of Afternaria, the 
choice of the propagule and the technique of extraction 
appear important. 

Some author.@ 7 found that spores contain specific 
allergens that are more reactive than mycelium, 
whereas other studies’, ’ concluded that mycelium ex- 
tracts produced the best allergenic preparations. 

previous studie$* lo, I1 tend to demonstrate that ex- 
traction is a critical step in obtaining good allergen 
extracts. Some allergens can be released by passive 
incubation in Coca’s solution,‘* whereas other aller- 
gens can be extracted only after cell disruption.g More- 
over, two factors may cause problems during extrac- 
tion of allergens of Alternuria: melanin and proteases. 
Akrnuriu spores are highly pigmented by melanin, 
which is a polyphenolic compound; moreover, phe- 
nols are known to precipitate with proteins. In the 

From the Pasteur Institute, *Mycology Unit and **Immunoallergy 
Unit, Paris, France. 

Support& by Institut National de la Sant6 et de la Recherche M&d- 
kale Grants No. 845009, 845019, and 845006. 

Received for publication Aug. 29, 1989. 
Revised Dec. 15, 1989. 
Accepted for publication Dec. 26, 1989. 
Reprint requests: S. Paris, pbD, Uniti de Mycologic, Institut Pas- 

teur, 28 rue du Dr Roux, 75724 Paris cedex 1.5, France. 
l/1/19139 

Abbreviations used 
PVP: Polyvinylpyrrolidone 

PMSF: Pheuylmethylsulfonyl fluoride 
EDTA: Ethylenediaminetetraacetic acid 

RIE: Rocket immunoelectFophofesis 
RRIE Radioroeket ~~~~sis 

CIE: crossed iummnoeI~s 
CRIE: Chssed RtdiOhnrn~oelec~topOresis 

SDS: Sodium dodecy1 sulfate 
PAGE: Polyacrylamide gel eleetqhoresis 

kDa: Kilodalton 

course of our work, one extract, which precipitated 
heavily during concentration, was debits to 
contain few allergens. Precipitation a%r extraction 
was frequent and presumably caused by Pig- 
ments. To avoid precipitation of proteins with pbe- 
nols, insoluble PVP, a phenol-binding ~t,‘3 
was added to the extraction buffer. Pro&~~s are also 
known to have a deleterious effect on 
tion. To prevent enzymatic 
PMSF and IZDTA we= teste 
sexy1 residues at the active site of prot~~ like chy- 
motrypsin, and EDTA, a chelating agent, i&bits di- 
valent cation-dependent enzymes. 

In the present study, spore and mycelial alllergms 
of two species of Alternaria ras- 
sicicolu) were extnrcted und and 
were analyzed by conventional pmcedm and West- 
em blotting to understand the infIuence of t& -al 
material and extraction techniques OR the recovfsry of 
allergens of Alternuria. 
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TABLE I. Allergenic potency of extracts obtained by different extraction procedures 

Strain 29297 Strain 1593 

Spore Mycelium Spore Mycelium 

coca carb COIX carb Coca carb Coca carb 

RAST* NT 7.1 NT 9.3 8.6 7.3 7.6 5.1 
Precipitinst NT 10 6 8 10 10 5 13 
AllergensS NT 3 2 3 3 2 3 3 

NT, Not tested; Coca, incubation in Coca’s solution; carb, disruption in carbonate buffer. 
*Percent of total counts added measured with pool A diluted 10-l. As an indication, this pool produced on old Pharmacia disks, 5.05%; 

on new Pharmacia disks, 8.6%. 
tPrecipitins determined with RIE. 
*Allergens determined with RRIE. 

MATERIAL AND METHODS 
Strains of Atternaria 

Two strains of Alternaria were selected because their 
sporulation capacity is high and stable and their allergen 
production is good: Ip 1563 (A. alternata (Fries) Keissler, 
Institut Pasteur, Paris) and MUCL 20297 (A. brassici- 
cola (Schweinitz) Wiltshire, Universiti catholique de Lou- 
vain, Belgium). 

Culture 
Mycelium was grown for 3 days in liquid 2% malt extract 

with constant agitation (80 to 100 rpm) to prevent sporu- 
lation. Spores (90% to 96% pure) were harvested after 4 
weeks of growth on V8 agar medium.‘” 

Extraction 
Two types of extraction procedure were tested. (1) Coca’s 

extracts: spores and mycelium were incubated 24 hours at 
+4” C in Coca’s solution (NaHCO,, 3 gm; NaCl, 9 gm; 
phenol, 5 gm; and H20, 11 L) and (2) Carbonate extracts: 
spores and mycelium were broken in carbonate buffer (NaH 
CO, 50 mmol/L, and NaCl, 0.15 mol/L, pH 8.3) with a 
glass-bead cell homogenizer (MSK, B. Braun, Melsungen, 
West Germany). 

Both types of extracts were centrifuged 1 hour at 
20,000 g. Tbe supematant was dialyzed 24 hours at 
+ 4” C against phosphate-buffered saline, pH 7.2, and con- 
centrated against polyethylene glycol, 20,000 molecular 
weight (Carbowax, Union Carbide Corp., Indianapolis, 
Ind.). When noted, the following additives were used during 
the extraction procedure: 1 mmol/L of PMSF, 5 mmol/L 
of EDTA, and 25% (wt/wt) of insoluble PVP (Sigma Chem- 
ical Co., St. Louis, MO.). 

Patient sera 
The IgE antibody pools were derived from patients tested 

in different allergy centers in France. They had documented 
positive clinical histories of mold sensitivity, positive Al- 
ternuria skin tests, and elevated serum IgE antibodies to 
Alternaria (Phadebas RAST class, 2 to 4). Pool A and pool 
B were from 17 and 20 patients, respectively, Pool C was 

from three other patients. A pool of sera from normal sub- 
jects having negative skin test and RAST toward Alternaria 
was included in the study as a nonallergic control. 

Rabbit antibody 
Antisera to Alternaria extracts were raised in rabbits 

(New Zealand white) by multiple intracutaneous immuni- 
zations with the crude allergenic extracts, as previously de- 
scribed.’ 

lmmunoelectrophoresis 
RIE, RRIE, CIE, and CRIE were performed as described 

by Weeke et al.lJ and Weeke,16 and modified by Le. Mao 
et al.” 

SDS-PAGE 
SDS-PAGE was carried out on a 12.5% acrylamide sep- 

arating gel with 0.1% SDS and a 3% acrylamide upper 
stacking gel with the discontinuous buffer system of 
Laemmli.” Samples (100 Fg protein) heated at 100” C for 
3 minutes in Tris HCl buffer, pH 6.8, containing 2% SDS, 
were electrophoresed at 30 mA for 1 hour, followed by 4 
hours at 60 mA. After electrophoresis, the gel was stained 
with Coomassie brilliant blue G 250. 

lmmunoblotting 
Proteins bands from the SDS-PAGE gel were elec- 

trophoretically transferred to a n&cellulose membrane 
(0.2 pm, Schleicher & Schuell, Kassel, West Germany) in 
a 192 mmol/L or Tris glycine buffer with 20% methanol, 
as described by Towbin et al.l9 After saturation of the ni- 
trocellulose print, 0.5 cm wide strips were incubated with 
a pool of sera from patients or negative sera diluted lo- ’ 
and then with isotope-labeled, lZ51-anti-IgE antibodies. After 
strips were washed and dried, they were put on an x-ray 
film and exposed for 10 and 30 days. 

RAST 
The Alternaria extracts were coupled to CNBr-activated 

paper disks, as described by Ceska et aLzo The RAST was 
performed according to the principle described by Wide 
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et al.“’ The results were expressed as percentage of bound 
radioactivity. 

Enzyme screening 
The extracts were screened with the Api ZYM system 

(Api Laboratories, MO&lieu-Vercieur, France). Extracts 
(200 +g protein) were placed in each well and incubated 
overnight at 37” C before addition of the chromogenic re- 
agent. Reactions were graded from 0 to 5 according to the 
intensity of the color reaction as compared with the man- 
ufacturer’s color chart. 

RESULTS 

The two types of extracts (incubation of Coca’s 
solution and disruption in carbonate buffer) of spore 
and mycelium of A. alternatu (strain 1563) and 
A. brussicicolu (strain 20297) were tested for aller- 
genicity by RAST and RRIE (Table I; Fig. 1). All 
extracts produced similar allergepic activity measured 
by RAST and RRIE. This finding is evident, even for 
Coca’s extracts, which produce very low IgG re- 
sponses in the rabbit (Fig. 1, lanes 5 and 6). 

SDS-PAGE patterns of spore and mycelium extracts 
demonstrated differences in the intensity and number 
of bands (Fig. 2). Low-molecular-weight compounds 
present in the Coca’s extracts of the spores provoked 
distortion in the pattern (Fig. 2, lanes 2 and 3); Coca’s 
extracts of spores demonstrated fewer numbers of 
Coomassie brilliant blue-staining bands than the 
Coca’s extracts of the mycelium (Fig. 2, lane 4). 
Carbonate extracts of spores and mycelium produced 
a much more complex protein pattern with numerous 
Coomassie brilliant blue-stained bands that ranged in 
apparent molecular weight from 150 to 10 kDa (Fig. 
2, lanes 5 to 7). 

Allergenic patterns of the different extracts were 
examined by immunoblotting. ‘251-labeled anti-IgE 
immunoblot demonstrated that there was no major 
difference between Coca’s and carbonate extracts 
without additives (Fig. 3, lanes c, d, g, and h). How- 
ever, when additives (PVP, PMSF, and EDTA) were 
added to the carbonate buffer before and during break- 
age, protein extraction was more efficient (yield of 
three times more protein; data not presented), and a 
higher number of allergens was detected (Fig. 3, lanes 
a, b, e, anda. CRIF confirmed that carbonate extracts 
plus additives contained a higher number of allergens 
than Coca’s extracts (Fig. 4). Controls with normal 
human sera or with sera of patients allergic to pollen 
elicited no binding with the different extracts (data 
not presented). 

The efficiency of the additives, PMSF and EDTA, 
in the carbonate extracts can be explained by the pres- 
ence of proteolytic activity in these extracts (Table 
II). Chymotrypsin and, to a lesser extent, the valine 
and cystine aminopeptidases of the carbonate extracts 
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A 

FIG. 1. A, RIE. 8, RRIE. Different extracts of Saltwnark~. 
Carbonate extracts of spore of A. altetmta strain RX3 
(lane I) of myceiium. A. bressicicols strain 20297 (lane 3) 
of mycelium strain 1563 (lane 4) and strain 20297 (lane 
7). Coca’s extracts of spore strain 1663 @a0e 21 of myce- 
hum strain 1563 (lane 5) and strain 20297 I/an,ne 61. Pool A 
of patient sera. 

of strain 1563 were inhibited by PMSF and/ or EDTA. 
Leucine aminopeptidase activity was strong in both 
strains and was not inhibited by EDTA or PMSF. In 
contrast, Coca’s extracts had no detectable proteolytic 
activity (not presented). 

Differences between spore and mycelium could be 
observed in extracts obtained with the more efficient 
method (breakage in carbonate buffer plus additives). 
Mvcelium contained fewer allergens (Fig. 3. lanes a , 
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A : mycelium 1 B : spore 

FIG. 2. SDS-PAGE patterns of Alternaria extracts after pro- 
tein staining with Coomassie brilliant blue. Lane I, mo- 
lecular weight markers: phosphorylase B (94 kDa), bovine 
serum albumin (67 kDa), ovalbumin 143 kDa), carbonic 
anhydrase (30 kDa), soybean trypsin inhibitor (20 kDa), 
and lactalbumin (14.4 kDa). Coca’s extracts of spores 
strain 1563 (lane 2) and strain 20297 (lane 3). Coca’s ex- 
tract of mycelium strain 1563 (lane 4). Carbonate extract 
of spores strain 1563 (lane 5) and strain 20297 (lane Sj. 
Carbonate extract of mycelium strain 1563 (lane 7). 

and b) than spores (Fig. 3, lanes e andf), but the 
intensity of radiostaining was higher with mycelium 
than with spore allergens. CRIE analysis demon- 
strated that a higher concentration of the major 
allergen’ (Fig. 4, arrows) was present in mycelium 
than in the spores, independent of the extraction 
method. This major allergen was not revealed in Coo- 
massie brilliant blue staining of CIE (Fig. 4). Spore 
allergen patterns were different in the two species 
studied (Fig. 3, lanes e andf). In contrast, no major 
difference was found between mycelial extracts of the 
two species (Fig. 3, lanes a and b). 

The 3 1 kDa allergen, which demonstrated the high- 
est radiostaining, was present in the spore and my- 
celium of both species (Fig. 3). When mycelial ex- 
tracts of strain 1563 and of strain 20297 were elec- 
trophoresed in the same well, only one band at 31 
kDa was detected by immunoblotting (Fig. 5). This 

a b c d a f 9 h 

FIG. 3. IgE binding components. A, In mycelium. B, In 
spore. Extracts of Alternaria obtained by three extraction 
procedures: disruption in carbonate buffer with additives 
(lanes a, b, e, and f); disruption in carbonate buffer with- 
out additives (knes c and g); incubation in Coca solution 
(lanes d and h). Strains used: A. brassicicola (20297). lanes 
a and e; A. aliernata (1563), lanes b-d and f-h. Pool A of 
patient sera. 

finding demonstrated that the molecular weight of this 
allergen was the same in both species. This result was 
confirmed by inhibition experiments demonstrating 
the disappearance of this 31 kDa band when a blot 
with the extract of one species was incubated with the 
serum pool adsorbed with the extract of the other 
species (Fig. 6, lanes 3 and 4). 

DISCUSSION 

Our results demonstrated that the best extraction 
method is the breakage of the cells in a carbonate 
buffer containing additives (PVP, PMSF, and EDTA) 
that prevent precipitation and enzymatic hydrolysis of 
proteins. These extracts contained a high number of 
allergens in CRIE similar to the allergens obtained by 
&ringer et al4 The allergenicity of the extracts ob- 
tained without additives appears comparable to the 
extract proposed as the international reference stan- 
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A:MYCEtlLl#4 8: SPORE 
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Ho. 4. A. alternara extracts analyzed by CIE and CRIE. Odd numbers: CIE plates of strain 1563 
antigen (3 kg of protein) against hyperimmune rabbit antisera, Coomassie brilliant blue stain. 
Even numbers: corresponding x-ray films (after 10 days of exposure) from the same CIE plates 
incubated with pool C of patient sera. Plates obtained with Coca’s extracts (7 to 4) and plates 
obtained with carbonate extracts (carb) plus additives (5 to 8); mycelium (plates 1, 2, 5, and 61, 
spore (plates 3, 4, 7, and 81, and major allergen (arrow head. 

TA0t.E Il. Proteolytic enzymes detected by the Api ZYM system in Alterneria carbonate extracts 

20297 

carb- 

Score 
-. 

Spore Myce&um 

1563 20297 1563 
--l-_l__ 

carb - curb+ carb - Cd+ earb- e#wb+ 

Exopeptidases 
Leucine arylamidase 5 5 5 5 5 5 S 
Wine arykunidase O-l 1 o-1 O-l I 1-2 0 
Cystine fxylamidase o-1 1 o-1 o-1 o-1 1 0 

Endopeptidases 
Ttypsine 0 0 0 0 0 0 0 
u-Chymotrypsin 0 l-2 0 o-1 0 1-2 0 

0, NO hv@‘; 0-1, reSidua# activity; 1, IOW activity; 2, medium activity; 5. highest activity; curb - , disrup,ion in carbonate buffer; c& + , 
disruption in carbonate buffer with additives (PSMF, EDTA, and PVP). 
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FIG. 5. Autoradiographs of immunoblots of mycelial ex- 
tracts of Alternaria incubated with pool B of patient sera. 
Lane 1: mycelial extract of A. alternafa (strain 1563); lane 
2: comigration of mycelial extratcs of A. alternata (strain 
1563) and of A. brassicicola (strain 20297); 50 pg protein 
of mycelial extract of strain 1563 and 50 pg of mycelial 
extract of strain 20297 were mixed together and subjected 
to electrophoresis in the same well. 

dad Alternuriu extract3 (Fig. 1; Table I). RAST in- 
hibition has demonstrated that our Coca’s extracts 
contained about the same panel of allergens as the 
international standard (Yunginger IW. Personal com- 
munication). An important finding was that the major 
allergen was extracted in about the same amount either 
by incubation in Coca’s extract or by breakage in 
carbonate extracts containing additives. This may sug- 
gest either an external position in the cell or a quick 
release from the cytoplasm. 

The addition of proteolytic inhibitors and of a 
phenol-binding compound is efficient not only on the 
extraction but also on the stability of allergenic ex- 
tracts of Altemuria as demonstrated by Vijay et aLz2 
who did not find any loss of activity of two commercial 
extracts. However, these investigators observed a del- 

FIG. 6. Blotting-inhibition experiment. Lanes 1 and 3: my- 
celial extract of A. alternafa (strain 1563). Lanes 2 and 4: 
mycelial extract of A. brassicicola (strain 20297). Strips 
were incubated with pool C containing essentially specific 
IgE against the 31 kDa protein. Serum was preincubated 
with mycelial extract of strain 20297 (strip 3) or strain 1563 
(strip 4). 

eterious effect of phenol (0.4% in saline) on stability 
of Alfernuriu extracts (loss of 50% activity measured 
by passive cutaneous anaphylaxis and RAST inhibi- 
tion). Moreover Vijay et aLz3 found no endopeptidases 
in extracts obtained with Tris HCl, pH 7.8. Our Coca’s 
extracts (0.5% phenol) tested by prick test appeared 
stable (Guinnepain MT, Fade1 R. Personal commu- 
nication), probably because these extracts have no 
proteolytic activity. We also observed a better stability 
of strain 20297 carbonate extracts compared to 
carbonate extracts of strain 1563. This finding may 
be explained by a lower proteolytic activity of this 
strain. 

Gur SDS-PAGE patterns are quite different from 
patterns obtained with commercial Alfernuriu ex- 
tracts”* 25 in which the number of bands was always 
very low. Autoradiographs with these extracts dem- 
onstrate only very few allergens (six for Tee et al.“; 
four for Bengtsson et al.“). The extract partially pu- 
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rified by Kroutil and Bush26 on diethylaminoethyl cel- 
lulose produced also a quite different pattern. In all 
cases, allergens do not produce bands positive in Coo- 
massie brilliant blue staining. 

CRIE and immunoblotting experiments demon- 
strated that spores and mycelium contained both spe- 
cific and common allergens. Among the common al- 
lergens, the 3 1 kDa major allergen, was very reactive 
in immunoblotting and represents the major IgE bind- 
ing peak in CRIE (Fig. 4, ar~ows).~ As observed by 
Aukrust et al. ,8 this major allergen is present in higher 
amount in mycelium than in spore (Fig. 4, arrows). 
The presence of spore-specific allergen is consistent 
with the previous observations of Hoffman et al.’ and 
Solomon et al6 

Although our study was done with only one strain 
for each species, our results are similar to the results 
of Vijay et al.” in which A. alternata (A. tenuis) and 
A. soluni appear to possess common and unique al- 
lergenic determinants. Helm et al3 also found that the 
best commercial extract was obtained from eight 
strains belonging to four different species (A. alter- 
nata, A. tenuissima, A. longipes, and A. palaudii). 
With this work there were essentially two pools used, 
and IgE binding components varied with the pool 
used. In mycelial extracts of both strains, the 31 kDa 
major allergen is detected as a strong IgE-binding 
component with pool A and B (Fig. 3, lanes a and 
b, and Fig. 5), but pool A detected also a few bands 
of lower molecular weight (Fig. 3, lanes a and b), 
whereas pool B detected numerous bands of higher 
molecular weight than 31 kDa (Fig. 5). Thus, this 
large disparity observed between pool A (Fig. 3) and 
pool B (Fig. 5)) which is derived from different pa- 
tients, may have minimized the variability between 
strains. The comigration and immunoblotting exper- 
iments demonstrated that the 31 lcDa major allergen 
is present and appears identical in mycelium and spore 
of both species. Our results appear to favor the im- 
portance of the culture procedure. However, Bush and 
YungingerZ* found that the structure of the major al- 
lergen might be quite variable, depending on the 
strain, the culture, and/or extraction procedure. 

Results presented in this study confirmed that ex- 
traction is a critical step in obtaining good allergen 
extracts and that spores appear to contain more aller- 
gens than mycelium. However, whatever conditions 
are used, the major allergen is always present. 

We are also indebted to Drs. D. A. Moneret-Vautrin, 
D. Duriez-Samaille, L. de Decker, and G. Ville for pro- 
viding sera of Alrenzariu-allergic patients and for making 
this work possible, and we thank J. Le Mao for help with 
the CRIE experiments and F. Expert-Besancon, G. Peltre, 
and A. Weyer for their useful suggestions. 

Extract of Alternaria allergens 947 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Bush RK, VOSS MJ, Bashiran S. Detection of Alternaria al- 
lergens by crossed radioimrnunoelecimpboresis. J ALLERGY 
CL~ Iimmvo~ 1983;71:239-44. 
Nyholm L, L#wenstein H, Yunginger JW. lmmunochemical 
partial identity between two independently identified and iso- 
lated major allergens from Alternuria alternata (Ah-l and 
Ag 1). J ALLERGY CLM ImtJNOL 1983;71:461-7. 
Helm RM, Squillace DL, Aukmst L, et al. Production of an 
international reference standard Alternaria extract. 1. ‘resting 
of candidate extracts. Int Arch Allergy Appl Immunot 1987; 
82: 178-89. 
Steringer I, Aukrust L, Einarsson R. Variabilrty of antigenic- 
ity /allergenic@ in different strains of Alternuriu alternata. Int 
Arch Allergy Appl Immunol 1987;84: 190-7. 
Hoffman DR. Mould allergens. In: Al-Doory Y, Damson JF, 
eds. Mould allergy. Philadelphia: Lea & Febiger, 1984:104- 
16. 
Solomon WR, Burge HA, Muilenberg L. Allergenic properties 
of Alternariu spore, mycelium, and “metabolic” extracts. 
J Allergy Clin Immund 1980;65:229. 
Hoffman DR, Kozak PP. Gillman SA. Cummins LH, Gallup 
J. Isolation of spore-specific allergens from Aiternaria. Ann 
Allergy 1981;46;310-6. 
Aukrust L, Borch SRI, Einarsson R. Mould allergy spores and 
mycelium as allergen sources. Allergy 1985;40:43-8. 
Paris S, Fitting C, Latge JP, Hermann D, Guinnepain MT, 
David B Frequency of IgE binding to allergens of Alternaria 
spore and mycelium [submitted]. Int Arch Allergy Appl 
Immunol 
Licorish K, Novey HS, Kozak P, Fairshter RD. Wilson AF. 
Role of Alternaria and Penicillium spores in the pathogenesis 
of asthma. J Allergy Clin Immunol 1985;76:819-25. 
Sweeney M, Kmutil L, Recht M, Bush RK. Kinetics of al- 
lergen release from Alternaria (ALT) [Abstract ] J ALLERGY 

CLIN Iraawo~ 1985;75:118. 
Fade1 R, Paris S, Fitting C, Rassemeont R. David B. A com- 
parison of ex&acts from Akernuria spoles and mycelium [Ab- 
stract]. J ALLERGY CLIN INUNOL 1986;77:242. 
Evans HJ, Koch B, Klucas R. Preparation of nktmgenase from 
nodules and separation in components. Methods Enzymol 
1972;24:470-6. 
Commonwealth Mycological Institute: PIant pathologist’s 
pocket book. Key, Surrey, England: Commonwealth Agricul- 
tural Bureaux, 1968. 
Weeke B, Lowenstein H, Nielsen L. Aller8ens in trm- 
othy pollen identiled by crossed radioimmunoelectmphoresis 
(CRIE). Acta Allergol 1974;29:402-17. 
Weeke B. Crossed immunoelectrophoresis. In: Axelsen NH, 
Kroll D, Weeke B, eds. A manual of quantitative immuno- 
electmphoresis. Oxford: Blackwell Scientific, 1973;47. 
Le Mao J, Weyer A, Dandeu JP, Rabillon J, David B. Rela- 
tionship between specitic circulating IgE, basophil cell-bound 
IgE, and histamine release induced by purified allergens of 
Dermutophagoides farinae. Int Arch Allergy Appl lmmunol 
1985;76:289-95. 
Laemmli UK. Cleavage of structural proteins during the as- 
sembly of the bead of bacteriophage T4. Nature 1970,227: 
680-5. 
Towbin H, Staehelin T, Gordon J. Electmphoretrc transfer of 
proteins from polyacrylamide gels to nitrocellulose sheets: pm- 
cedum and some applications. Proc Nat1 Acad Sci USA 
1979;76:4350-4. 
Ceska M, &&son R, Varga JM. Radioimmunosorbent assay 
of allergens. J ALLERGY CLM I~WUNOI 197249.1-9. 



Paris et al. J. ALLERGY CLIN. IMMUNOL. 
MAY 1990 

21. Wide L, Bennich H, Johansson SGO. Diagnosis of allergy by 
an in vitro test for allergen antibodies. Lancet 1967;2:1105-7. 

22. Vijay HM, Young NM, Bernstein IL. Studies on Alternarin 
allergens. VI. Stability of the allergen components of Alter- 
naria tenuis extracts under a variety of storage conditions. Int 
Arch Allergy Appl Immunol 1987;83:325-8. 

23. Vijay HM, Young NM, Jackson GED, White GP, Bernstein 
IL. Studies on Alternaria allergens. V. Comparative biochem- 
ical and immunological studies of three isolates of Alternaria 
tenuis cultured on synthetic media. Int Arch Allergy Appl 
Immunol 1985;78:37-42. 

24. Bengtsson A, Karlsson A, Rolfsen W, Einarsson R. Detection 
of allergens in mould and mite preparations by a nitrocellulose 
electroblotting technique. Int Arch Allergy Appl Immunol 
1986:80:383-90. 

25. Tee RD, Gordon DJ, Newman Taylor AJ. Cross-reactivity 
between antigens of fungal extracts studied by RAST inhibition 
and immunoblot technique. J ALLERGY CL~ IMMUNOL 1987; 
79~627-33. 

26. Kroutil LA, Bush RK. Detection of Alternariu allergens by 
Western blotting. J ALLERGY CLIN IMMUNOL 1987;80:170-6. 

27. Vijay HM, Huang H, Young NM, Bernstein IL. Studies on 
Alternuria allergens. I. Isolation of allergens from Alternaria 
teds and Altermria solani. Int Arch Allergy Appl Immunol 
1979;60:229-39. 

28. Bush RK, Yunginger JW. Standardization of fungal allergens. 
Clin Rev Allergy 1987;5:3-21. 

Response to a Haemophilus influenzae type b 
diphtheria CRM,,, conjugate vaccine in 
children with a defect of antibody 
production to Haemophilus influenzae 
type b polysaccharide 

Lynda C. Schneider, MD,* Richard A. Insel, MD, Gail Howie, RN, 
Date V. Madore, PhD, and Raif S. Geha, MD 
Boston, Mass., and Rochester, N.Y. 

A defect in antibody response to immunization with Haemophilus influenzae type b (Hib) 
capsular polysaccharide vaccine has been reported in children with recurrent infections and 
normal immunoglobin levels. We identified 15 children, aged 2 to 6 years, with this defect, and 
we evaluated their response to immunization with an Hib capsular oligosaccharide diphtheria 
CRM,,, protein-conjugate vaccine (HbOC). The children received a series of three vaccines: 
HbOC at 0 and 8 weeks, ana’ the Hib polysaccharide vaccine at 16 weeks. Levels of antibody to 
the Hib capsular polysaccharide (polyribosyl ribitol phosphate, PRP) and to diphtheria toxoid 
were obtained before and 4 weeks after each vaccination. The geometric mean serum anti-PRP 
concentration was 0.17 pgiml before immunization and 29.3 pglml after the second HbOC 
immunization (week 12). All 15 children had postvaccination anti-PRP antibody levels >I .O 
pglml after receiving the second HbOC (week 12). In addition, booster responses were 
observed after the second Hib conjugate in I3 of the patients and after the Hib polysaccharide 
in four of the patients. All patients with low preimmunization diphtheria titers had a response to 
the diphtheria toxoid. These results suggest that conjugation of Hib polysaccharide with 
diphtheria CRM,,, overcomes the defective antibody response to Hib oligosaccharide in children 
who are initially observed with recurrent infections and inability to respond to the Hib 
polysaccharide vaccine. (J ALLERGY CLAN IMMUNOL 1990;85:948-53.) 
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