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Summary. High molecular weight allergens which react with the SI07 murine IgA
myeloma and with the lectins Concanavalin A (Con-A) and tridacnin have been identified
and characterized in extracts ofthe mite Dermatophagoides pteronyssinwi. Mite extracts
from two dilTcrenl manulaclurcrs were iVaciionalcd by C"on-A affinity chromalography.
The major antigen in both the Con-A bound and unbound fraciions. which was antigeni-
cally indistinguishable, reacted with lridat;nin and ihc SI07 myeloma. This high
molecular weight, mulli-rcactivc antigen corresponded to allergen Dpi 4. suggesting thai
Dpt 4 exists as isoallergcns. each differing in the degree of glycosytation or in lhe type of
carbohydrate moictv comprising the glycan part of lhe allergen. Mite media extracts also
reacted w ith Con-A. tridacnin and the S107 myeloma but were not allergenic per se.

INTRODUCTION
Baldo. Turner and Uhlenbruck (1976) and Baldo and Uhlenbruek (1977a)

described the isolation ofan allergen from D. farinae using tridacnin and Con-A.
They established that the tridacnin reactive allergen was a glycoprotein of high
molecular weight and heterogeneous as judged by polyacrylamide gel electro-
phoretic analysis. The Con-A reactive material isolated from D. farinae was also
shown to be ailergenic but not as allergenic as that isolated with tridacnin. Double
dilTusion analyses indicated that the Con-A isolated allergen did not react with
tridacnin or \ice versa. Stewart. McWilliam and Turner (1980) described the
isolation from D. pieronyssinus of a high moleeular weight glycoprotein allergen
bearing phosphoryl choiine (Pc). Gel diffusion studies indieated that this material
was also ditTerent from that which reacted wilh Con-A and tridacnin. In none of
these studies, however, was the relationship between the allergens examined using
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an anti-mite antiserum. In this report, a study of the antigenic relationship
between these allergens is deseribed.

To facilitate such studies, a haemagglutination-inhibition assay designed to
deteet Pc-containing components has been developed. It is based on a previous
haemagglutination assay deseribed by Leon and Young (1970) in which it was
shown that a Pc-containing substrate could be attached to red blood cells using
Con-A. In the system described here, use has been made ofthe observation that the
intestinal parasite A.scaris suum contains large amounts of Pc (Crandall and
Crandail. 1971). This material, rather than/j-lipoprotein used by Leon and Young
(1970) or Pc coupled to a protein carrier (Chesebro and Metzger, 1972), has been
used since it is readily available and simply prepared. This material has been
coupled to sheep red blood eells with gluteraldehyde (Avrameas, Taudou and
Chuilon, 1969), resulting in a stable (2-3 months) reagent.

MATERIALS AND METHODS

Except where stated, all the metbods used in tbis study have been described in detail in a previous
paper (Stewart and Turner. 1980).

S107 mouse myeloma .serum and detection qlPc'Conlaining components

The S107 serum and an '̂ M-radioiabclled antibody preparation from tbis serum were prepared as
previously described (Stewart ei al. 1980). Visualization of Pc-containing components in crossed
immunoelectrophoretic (CIE) analyses of mite extracts was achieved by incubating CIE plates witb
radiolabelled SI07 antibody analogous to crossed radioimmunoelectrophoresis (CRIE). Plales were
incubated witb 4 X IC cp.m in 17 ml ofincubation buffer for 48 h at room temperature. The plates were
then washed four times with 10 ml of 0-15% w/v NaCl and air-dried. Auioradiography was performed
asdescribed forCRIE (Lowenstein. Aukrust and Gravescn. 1977).

The presence of Pc-containing components in mite extracts and gel-filtration column cHluents was
determined using a baemagglutination inhibition assay employing sbeep red blood cells coated with
Ascaris suutn body fluid extract kindly provided by Mr. A. S. McWilliam Cells were coated with the
extract using glutaraldehyde according lo the melhod of A\Tameas el al. (1969). Serial doubling
dilutions of inhibitor were prepared in 0 01 M phosphate buffer. pH 7-2 containing 0> 15 M NaCl and
1% bovine serum albumin (PBS-BSA)and an equal volume(50 yl )ofSI07 scrum previously diluted to
give a haemagglutination titre oi 1:4. Alter incubation for 1 h al 37°, 50 yl of I % sensitized sheep red
blood cells were added and the inhibition litres read after a further incubalion for 1 b at 37°. Results
were expressed in haemaggiutinalion inhibition units (HAIU) where one unil is the amouni of inhibitor
per well at tbe end point. Specific activity was expressed as HAIU per mg inbibitor protein (Smith and
Walborg. 1976).

Reactivily of mile componenis with iridacnin
The reactivity of mite fractions and gel filtration column effluents with tridacnin was determined in

a haemagglutination-inhibition assay using human 0 -t-ve red blood cells as previously described
(Siewartcfa/., 1980). Results were expressed asdescribed for SI 07 reactivity.

Reactivify of mite components with Con-.4
The reactivity of mite fractions and gel filtration column effluents with Con-A was determined by

double diffusion analysis using Con-A at a concentration of 5 mg/ml (Sigma Chemical Co. Ltd.) or in a
haemagglutination-inhibition assay using guinea-pig red blood cells (Smith and Walborg. 1976)
analogous lo Ibat described for the tridacnin and SI07 assays. Results were expressed as described for
SI07 reactivity.
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Isolation of Con- A reacuvc componcnt\
Con-A reactive components from mite extracts or gel filtration fractions were isolated by affinity

chromatograpby using a commerical preparation of Con-A coupled to Sepharose 4B( Pharmacia .South
Seas) equilibrated wilh 0-1 M acetate bufTerpH 6 0 containing I M NaCl and imM CaCl,. MgCI,and
MnCI,. Con-.A reacti\e components were eiuted with 7-[!)-mcth\lmannosidc (Sigma Chemical Co.
Lid.}. Column eflluenis were monitored ai 280 nm and the Con-.'\ unbound and bound fractions,
togelhor with a sample ofthe original material, were dialysed against lour changes (each ol 5 litres) of
distilled water. The dialysed samples were lyophilized and reconstituted with PBS and the protein
content determined.

Molecular weight distribution nlSKPaiuhridacnin reactive components
Samples of fraction 2 obtained by chromatography on Sephacr>l S-300 were electrophoresed

overnight in 4-30'!'ii polyacrylamide gels as described in a previous paper (Stewart and Turner. 1980).
The position of the components was determined by staining one complete section of the gel with
Conmassie Blue G-250. The gel was cut into sections containing lhe component under consideration.
macerated and incubated with 3 ml ofO 15 M w\ NaC! for 24 h on a rotating wheel al4'. The gel was
centrifuged and lhe supernatant diaKsed against 2 litres of distilled water (ihree changes) and Ihen
Kophilized. The material was rcdissoKed in 100/il PBS and examined for reactivily with tridacnin and
SI07 serum.

RESULTS
Optimum conditions for sensitizing sheep red blood cells with A. suum extract

The optimum amouni of A. suum extract required to sensitize SRBC for
agglutination by S107 serum was determined over the concentration range 1-125
mg perO-1 ml packed SRBC. The results from this experiment are shown in Table
I and it can be seen that this extract served particularly well as a source of Pc. The
miminal optimal concentration was found to be 25 mg/0-1 ml packed SRBC, and
at this concentration typical haemagglutination titres of 6 x 10** were aehieved.
The specificity ofthe reaction was determined in a haemagglutination inhibition
assay using the free hapten Pc. the lowest inhibitory concentration of which was
found to be 12 ^̂M using the assay conditions described. This assay was used to
detect Pc-containingcomponents in extracts of O.

Detection ofPc-containinj^components
In a previous paper (Stewart tv a/.. 1980). Pc-containingcomponents were not

deteeted in all mite extracts studied, and it was suggested that the double dilTusion
assay used to detect such material was insufficiently sensitive. Because of this, the

TABLE 1
Quamiiy til Ascaris suum hody fluid extract required in optimally coat sheep red hlood cells for

reactiviiv with llw mouse /t'-l myeloma SI07.

.•\mount of .1 \uum extract in mg 0 1 ml packed SRBC

2.^
12.5
"̂ 5
62.5

125

Haemagglutination litre
(reciprocal)

192.000
3.072.000
6.144.000
6.144.000
1.536.000

Quantity of glutaraldehyde was kept constant ihmughout.
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two mite preparations used in that study were re-examined for the presence of
Pc-containIng eomponents using the haemagglutination-inhibition assay just
described. Both extracts reacted wilh the SI 07 serum indicating the presence of Pc
(Table 2). However, a quantitative difference, expressed in haemagglutination
inhibition units per mg protein, between the two extracts was found. The mite
material from source 2, whieh was shown previously to react with the S107 serum
in double difTusion analysis, had a 7-6-fold greater amount of Pe-eontaining
material than that from souree I. whieh did not react in the double diffusion assay.

TABLE 2
Reactivity ofmitc cxiravis prepared from two dilferenr manufacturers ami ihcir respective mile media

ivilh tridacnin. SI07 and C on-.

HDM Source I
Medium Source 1
HDM Source 2
Medium Source 2

!.

H.AIU/mg/.J. pictt'ny,\iini\ cMnici

Con-A

260
150

7.600
0

Tridacnin

2 i .040
602

3.120
0

SI07

960
19

7.360
7.816

One haemaggluUnation inhihition unit (HAIt,') is defmed as the minumum amount of material
required lo inhibit the agglutination of sensitized cells by the appropriate reagent. Results are
e.xpressed as the number of HA!U/mg of protein. The figures represent the average of three
independent experiments.

The amount of tridaenin and Con-A reactive material present in these
extracts was also determined, ll can be seen from Table 2 thai, whereas the extract
from source 2 contained more SI07 reactive material than that from source I, the
reverse was seen for tridacnin reactivity. In this instance, extract from source !
contained 6 7 times as much tridacnin reactive material. Extract from souree 2
had a 29 2-fold greater amount of Con-A reactive material than that from source
1.

Extracts ofthe media upon which the mites were grown were also tested for
reactivity with Con-A. tridaenin and S107and these results are shown in Table 2.
The mite medium from source I showed low reactivity with tridaenin and SI07,
2-8% and 1 -9% respectively ofthe reactivity shown by the mite extracts. However,
it showed 58% ofthe reactivity ofthe mite extract with Con-A. The mite medium
from source 2 had an amount of S107 reactivity comparable to thai shown by the
mite extract but, in contrast, it did not react with either Con-A or tridacnin. The
two media extracts were visibly and chemically different, and the percentage
protein content of media extracts I and 2 were 18% and 58% respectively and
carbohydrate content 82% and 42% respectively.

Molecular weight distribution of Pc-containing componenis
The molecular size ofthe S107 and tridacnin reactive eomponents in an

extract of D. pteronyssinus from source I was determined by gel-filtration on
Sephacryi S-300 (Fig. 1). Two major SlO7-reactive peaks were found, one of
which eluted in the void volume. A significant amount of Pc-containing material
was also apparent on the trailing edge of peak 2. A similar distribution pattern was
obtained for tridacnin reactivity.
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Fi({. 1. Sephacr\l S*300 elution profile of a water soluble extract of D. ptcrony.ssinu.% (40 mg). The
column was equilibrated with 0 I M Tris-HCI bulTcr(pH 8 0) plusO 15 M NaCl. The fractions were
monitored for abwrbancc at 280 nm ( • • ) iridacnin reaclivit> (A A ) and SI07 reactiviiv

C M ). Vncorresponds lo an elulion volume of 50 ml.

Further studies were undertaken using gradient polyacrvlamide gel electro-
phoresis (P.AGE). Sephacryl S-300 fraction 2 (Fig. 1) was subjected to gradient
PAGE and the separated components were eluted and tested for reactivity with the
appropriate reagent using haemagglutination inhibition assays. The results are
shown in Fig. 2. Tridacnin reactivity was associated with material with apparent
molecular weights above 130.000 daltons. The reactivity was particularly evident
in the high molecular weight region of the gel where carbohydrate rather than
protein staining was evident (Stewart and Turner. 1980). SI07 reactivity
paralleled that seen for tridacnin. but the very high moleeular weight material was
inactive. The low molecular weight component 7 did not reaet with tridaenin or
SI07.

{.solution of C(>n-.\ reactive material

Whole mite extracts from both sources, together with Sephacryl S-300
fraction 2 from source I. were fractionated by Con-A affmity chromatography.
Con-.A bound material was eluted stepwise with 0 05 M and I M jr-D-
methyimannoside and the resulting fractions were examined for reactivity with
either SI07, tridacnin or Con-A. The results obtained with the whole extracts are
shown in Table 3.

Con-A alTmity chromatography removed all ofthe Con-A reactive material
in the extracts of mites from bolh sources. However, only 16-6% and 5 2% ofthe
bound material from sources I and 2 respectively were recovered by elution with
a-D-melhylmannoside. in marked contrast to the almost complete recovery of
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Fig. 2. Gradient (4-.10"i.i) PAGE analysis ot"ScphatT> I S-300 traction 2 (280 ng). One section ofthe gel
wa^ stained with ( iK>masMe Blue G-25() and scanned usln^a donsitomcter (lower panel). ( omponenis
were eluted from the unstained section ofthe gel and tested lor their reacti\it\ with tridacnin (centre

panel) or S107 serum (upper panel). Reacti\ it> with these two reagents is expressed asa reciprocal.

tridacnin and SI07 rcaclivc material. The low yield ofCon-A bound maierial was
further indicated by the poor reactivity ofthe Con-A bound materials with Con-A
in double dilTusion analysis in contrast to the original extracts. Quantitative
evidence of low yields was obtained by the Con-A affinity chromatographic
separation of'"I-Iabelled Sephacr\ I S-300 fraction 2 from source I in which it was
show n that ofthe 50% radiolabel binding to the Con-A column, only 10% could be
eluted b\ I M :r-D-methylmannoside with a further 3% being eluted after shutting
down the column in the presence of 1 M :f-D-methylmannosidefor2 days.

Elution with I M .z-D-methylmannosideat a slightly higher temperature than
that used with 0 05 M a:-D-methylmannoside was chosen, since studies showed
that this procedure resulted in a 2-3-fold higher yield of S107 reactive materiaL
This procedure did not significantly increase the yields of either tridacnin or
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Con-.A reactive materials. The influence of higher temperatures on the yield of
Con-A reactive material was not investigated.

The haemagglutination inhibition studies showed that the Con-A bound
material from both mite extracts reacted with both S107 and tridacnin with higher
specific activities than the original extracts. Further, in each mite extract, there
was material which reacted with S107 and tridacnin but not Con-A. For the mite
extract from souree 2, 33% ofthe tridacnin reactive material and 23% ofthe S107
reactive material did not react with Con-A. In the mite extract from source 1. 48%
ofthe tridacnin reactive material and 17% ofthe S107 reactive material did not
react with Con-A. The percentage carbohydrate in each of the fractions was
determined (Table 3). These studies showed that the original mite extract from
source 2 contained about 3-4 times as much carbohydrate as did that from source
1. Increasing amounts of carbohydrate were seen in the 0 05 M and 1 M a-D-
methylmannoside eluates from both sources of mite, but the eluates from the
source 2 extract contained significantly more carbohydrate than the correspond-
ing eluates using the extract from source 1.

Immunochemical identity of Con-A. SW7 and tridacnin reactive components
Double diffusion analysis {Fig. 3) indicated that the major immunopreeipitin

band seen in the Con-A unbound material was antigenically identical to that seen
in the Con-A bound material, notwithstanding their different reactivity with
Con-A. CIE analysis (Fig. 4) conftrmed this observation and, further, showed that
the major antigen in both Con-A bound and unbound fraetions corresponded to
allergen Dpt 4 described in a previous paper (Stewart and Turner. 1980). In
addition, three other antigens were detected in the Con-A bound fraction.

1

2

FIR. 3. Agarose gel double diffusion analysis of Con-A unbound niaterial (I) at 3 mg/ml and Con-A
bound material (2) at I 5 mg/ml. against (A) rabbit anti-HDM antiserum and (C) Con-A at 5 mg/ml.
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Studies were undertaken to determine which ofthe antigen(s) identified by
CIE contained the hapten Pc. Unstained CIE plates of Sephacryl S-300 fraction 2
were ineubated with '"I-radioiabelled SI07 antibody and the results from this
study are shown in Fig. 5. Only one Pc-containing antigen was detected and this
corresponded to allergen Dpt 4.

B

Fig. 4. Crossed immunoelectrophoresis of Con-A unbound (A) and Con-A bound (B) material from
Sephacryl S-300 fraction 2. CIE was performed using 15 yg and 30 /jg of bound and unbound material

respectively and an antibody concent nit ion or20 fi\ pcrcm- gel area.

B

Fig. 5. Crossed radioimmunoelectrophoresis of Sephacryl S-300 fraction 2. CIE |A) was performed
using ! 15 ^gol'fraction ? a n d a rabbil aiUi-/J./f/c*('t/iu//H(s antibody concenlration of 10 /;! percm-gel
area. The plalc was subsci|ucnlly incubated with '-^l-labelied S107 anilbody. The autoradiograph (B)

was exposed for 14 days.
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Allergenicity of Con-A hound material
The allergenicity ofthe Con-A bound and unbound fractions from Sephacryl

S-300 fraction 2 was determined by direct RAST binding studies and the results
are shown in Fig. 6. The Con-A bound material eluted with 0 05 M 7.-D-
methylmannoside was found to be allergenic, although slightly less so than either
the Sephacryl S-300 fraction 2 or the Con-A unbound material.

3 -

X
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o

01 1 10
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100 1000

Fig. 6. Direcl RAST binding curve obtained for the whole mite extract ( • • ). Sephacr\! S-300
fraction 2 (D D ). Con-A unbound maierial ( • • ) and Con-A bound rnaterial ( A A ) using
pooled mile allergic serum. Coupling of the fractions to individual CNBr activated paper discs was

achieved using 50 yl allergen over the concentration range 0 1 -500 tJ%/vn\ (as protein).

DISCUSSION
The sensitive haemagglutination-inhibition assay described in this report has

facilitated the detection of Pc-coniain ing components in an extraet of/), pteronys-
sinus (source 1) which was hitherto thought to be devoid of such material (Stewart
et al... 1980) as judged by double ditTusion. This assay has been shown to be
superior to that described by Leon and Young (1970) in that .1. suum coated cells
remained stable for several months, unlike 13-lipoprotein coated cells which
remain stable for only 2 days. Further, the haemagglutination titres obtained with
the SI 07 serum using.!. .vi/i/mcoatedcel!s were several orders of magnitude higher
than that obtained using B-lipoprotein coated eells.

Extracts of mites from two difTercnt manufacturers were examined for
reactivity with S107. tridacnin and Con-A, and each extract showed a ditTerent
pattern of reactivity towards these reagents. Mite extraets from source I reacted
strongly with tridacnin. whereas those from source 2 reacted strongly with StO7.
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The mite medium from source 1 reacted weakly with all the reagents but the mite
medium from source 2 reacted strongly with the S107 reagent. In contrast, this
latter extract did not react with SI07 as iudged by double diffusion (Stewart et al.,
1980).

The Con-A reaetive material present in mite extracts from both sources was
isolated by afTinity chromatography but. whilst all this material appeared to bind
to the matrix, recovery using ar-D-methylmannoside was poor. Similarly, poor
recoveries ofT Con-A columns, using this sugar, have been reported for other
glyeoproteins(Hunt. Bull is and Brown. 1975; Choi and Jensen, 1975). The Con-.A.
reactive material which was eluted was also shown to react with SI07 and
tridacnin. However. Con-A afTtnity chromatography did not remove all ofthe
tridacnin and S107 reactivity. The Con-A unbound fraction was shown to be
devoid of Con-A reactive sugar residues as judged by both haemagglutination-
inhibition and double dilTusion analyses. It therefore does not represent a popula-
tion of molecules which contains the Con-A reactive moiety but fails to bind to the
Con-A matrix, a situation which has been reported in other studies {Lloyd. 1970;
Findlay. 1974).

On the basis ofthe above data we cannot exclude from these reactivities any
activity due to mite media components, but the nonreactivity of the media
extraets. both with allergic human sera and rabbit anti-mite extract, suggest that
the conclusions drawn regarding allergen Dpt4discussedbelow are valid.

The major antigen In the Con-A bound material isolated from Sephacryl
S-300 fraction 2 (source I) was antigenically indistinguishable from that in the
Con-A unbound fraction and corresponded to allergen Dpt 4 (Stewart and Turner,
1980). This allergen was shown by various techniques to react with SI07.
tridacnin and Con-A. Thus, it appears thai allergen Dpt 4 exists as isoallergens,
each one differing either in the degree of glycosylation or in the type of carbo-
hydrate residues comprising the glycan part ofthe allergen. Extrapolating further,
the data suggest that allergen Dpt 4 exists in a minimum of two forms: in one form
as a giycoprotein containing Pc and tridacnin reactive sugar residues such as
N-acetylgalactosamine (Uhlenbruck. Baldo and Steinhausen. 1975) and in the
other containing Pc. tridacnin reactive sugar residues and Con-A reaetive sugar
residues. In this regard, it has been shown that heterogeneity in the glycan part of
glycoproteins is the rule rather than the exception (reviewed by Beeley. 1974). It is
not known whether allergen Dpt 4 exists without any sugar residues.

In addition to allergen Dpt 4. Con-A allmity chromatography resulted in the
isolation of several other components which did not appear to be antigenically
related to Dpt 4 and were not studied further. Little was deduced regarding the
nature ofthe material which was not eluted from the Con-A matrix except that the
bound material comprised protein which could be radiolabelled and, further, that
this material probably contains little tridacnin or S107 reactivity since the
majority of this material was accounted for in the unbound. 0 05 M and I M x-D-
methylmannoside eluates. The high molecular weight allergen Dpt 13 shown to be
present in the Sephacryl S-300 fraction 2 (Stewart and Turner. 1980) did not bind
to the Con-A column.

The apparent molecular weight ofthe SI 07 and tridacnin reactive material
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was studied by gradient PAGE and these studies showed that this material was
heterogeneous in this regard, paralleling that determined for allergen Dpt 4 and its
antigenically related material, namely 140,000-531,000 daltons (Stewart and
Turner, 1980). In addition, tridacnin reactivity, in contrast to SI07 reactivity, was
found to be assoeiated with carbohydrate staining material with apparent
molecularweightsin the range 531.000-2 X 10̂  daltons.

The association of Con-A reactivity and the presence ofthe hapten Pc has
previously been reported for pneumococcal C polysaccharide (Cifonelli et al...
1966) and a C-substance like peptido-polysaccharide from Epidermophyton
floceosum (Baldo, Fletcher and Pepys. 1977). Similarly, in our laboratory, we
have characterized a high molecular weight glycoprotein from A.scaris suum body
fluid which contains Pe. and reacts with Con-A (McWilliam. Stewart and Turner,
unpublished observations). These data suggest that the association of Con-A
specific sugar residues and Pc may be a general characteristic of C-substances and
that Con-A affmity chromatography would provide a useful technique for their
isolation.

The use of lectins has been suggested as a possible means of standardizing
allergen extracts (Baido and Uhlenbruck, 1977b) but we feel that our .studies
provide a cautionary note in regard to mite extracts, particularly the fmding that
mite media components, whieh often eontaminate mite extracts (Dasgupta and
Cunliffe. 1970: Chapman and Platts-Mills. 1978), react with lectins or similar
reagents despite their being non-allergenic. Similarly, the existence of a mite
allergen which exists in isoallergenic forms difTerentiated not only by molecular
weight but also by different carbohydrate residues, notably those reacting with
Con-A. suggests difTicuIties, particularly if Con-A were used to standardize mite
extracts. Further, extracts from both sources gave comparable RAST inhibition
titres (data not shown) despite their disparate reactivities with SI07. tridacnin and
Con-A. Failure to correlate the tridacnin reactivity of several commercially
available extracts with either RAST inhibition or skin test assays has also been
reported (Turner t'/a/.. 1980).

In conclusion, we have confirmed our previous observations that there exists
in extracts of house dust mite. D. pieronyssinus. an allei^en(s) containing the
hapten Pc. In addition, we have shown that this allergen corresponds to the
allergen Dpt 4 described in a previous paper (Stewart and Turner, 1980) and.
further, that it also reacts with tridacnin and Con-A. These studies contrast with
those reported for D. farinae (Baldo and Uhlenbruck. 1977a), where it was
reported that the Con-A reactive allergen did not react with tridaenin and vice
versa. However, neither of the isolated allergens were tested in a haemagglutina-
tion inhibition assay which is probably a more sensitive assay than gel diffusion
and, also, neither were tested for antigenic cross-reactivity with an anti-whole mite
extract antiserum. Despite this, however, these studies and ours again confirm the
existence of high molecular weight glycoprotein allergens in both D. pteronyssinus
and D. farinae which are different from the low molecular weight allergens
described by other workers (Ishii eial. 1973; Biliotti, Romagnani and Ricci, 1975:
Chapman and Platts-Mills, 1978; Stewart and Turner. 1980). Studies are presently
under way to determine the significance of these allergens.
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