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Increased positivity of skin test and allergenic stability of
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Summary

Background Results obtained from previous experiences with soybean hull antigens
suggest that the addition of glycerine to the extract increases positivity of the skin test.
Objective The purpose of this study was to investigate the effect of this glycerine addition
and the influence of different storage temperatures on the potency of soybean hull extracts.
Methods Twenty-two asthmatic patients admitted to emergency rooms during one of the
soybean-related Barcelona asthma epidemics were evaluated 2 years after the last epidemic
for: (1) sensitivity to prick test with glycerinated and non-glycerinated extracts, both fresh
and stored at AC, — 20°C and— 70°C for 30 days, and (2) specific IgE to a fresh hull
extract. All extracts were also studied by sodium dodecyl suphate-polyacrylamide gel
electrophoresis (SDS-PAGE).

Results No differences in positivities were detected for prick tests performed the same day
of preparation between non-glycerinated (5/22; 22.7%) and glycerinated (4/22; 18.2%)
extracts. After 30 days storage, positivities of prick test with non-glycerinated extracts
stored at 4C did not significantly differ from the results obtained on the first day. However,
prick tests performed with glycerinated extracts stored for 30 days showed increased
positivity for the extracts stored at'@ (7/22; 31%) P <0.05) as well as for those stored at
—20°C and— 70°C (9/22; 40.9%) I <0.001). This latter percentage is similar to that of
specific immunoglobulin E detected by radioimmunoassay (10/22; 45.4%). Also, for the
glycerinated extracts only, the quantitative response showed an increase in mean diameter
of the induration at 30 days at the three temperatures, even though owing to the great
standard deviation and limited number of patients, it was only significant for the extract
stored at- 20°C (P<0.01). SDS-PAGE gel densitometry at 30 days demonstrated a loss of
protein in the bands with a molecular weight higher than 66.2 kDa for non-glycerinated
extracts stored atL.

Conclusions The results of this study confirm previous observations with soybean hull
allergen extracts and indicate that (1) storage of soybean hull extracts with glycerine
addition for 30 days at the concentration studied (1:100 w/v) determines a significant
increase in the positivity of skin tests, and (2) glycerine addition stabilizes soybean hull
extracts at any of the temperatures studied.
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of soybeans in the harbour of Barcelona, Spain, were first
identified [1,2], other epidemics attributed to the same
Since severe asthma epidemics produced by the unloadiragtiology have been described [3]. Soybeans are harvested
in large amounts and transported and processed in many
Correspondence: R. Codina, Division of Allergy and Immunology, COUNtries; thus, soybean asthma is expected to be more
University of South Florida, Tampa FL, USA. frequently diagnosed, thereby posing a new diagnostic
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challenge. The diagnosis of this condition is based orpart of the seed [15,16], from Toledo (OH, USA), and
clinical features and confirmed immunologically by radio- unloaded into the silos of the Barcelona harbour.
allergosorbent tests, enzyme-linked immunosorbent assay One hundred grams of soybean hulls were grounded with
(ELISA) and skin tests, among others [4]. Hence, reliablea mortar. Extraction was performed by gentle shaking
soybean extracts are required. overnight (1:20w/v) with 0.2 ammonium bicarbonate,

A loss of activity of allergen extracts is often initiated pH7.9. The supernatant was isolated, centrifuged at
during the process of extract preparation, even when pe600xg for 15min and dialysed exhaustively for 2 days at
formed at low temperatures [5]. Two approaches have bee#4°C with a 3500 MWCO membrane (Spectra/Por MWCO
used to study the stability of allergen extracts: (1) the3500, Spectrum, Houston, TX, USA) against deionized
evaluation of thermostability at different temperatures andvater. The extract was centrifuged at 60 for 20 min
periods [6], and [2] the verification of stability after the and the total protein content determined by bicinchoninic
addition of different preservatives [7—9]. Glycerine is com-acid protein assay (Pierce Chemical Co., Rockford, IL,
monly added to extracts to stabilize the antigenic solutionJSA).
used in skin tests [10]. Although satisfactory results have The extract, part of which was 50% glycerinated (G) as
been reported for the addition of glycerine to some specifiavell as non-glycerinated (NG), was fractionated into
antigens including some cereal allergens [11], for most ofiliquots and stored (St) at°@, —20°C and — 70°C for
the allergens the duration of potency has not been rigorousI$0 days.
studied [12]. On the day of the tests, a new fresh extract was prepared

In previous experiences using soybean hull extracts, afrom the same hull sample with the same methodology. To
increase in positivity of the skin test performed with avoid adsorption of the proteins on the walls of the vials, the
glycerinated extracts was observed [4,13,14], a fact thaiprick test solutions were prepared in siliconated tubes.
to our knowledge, has not been reported in the literature.

The present paper was designed to (1) study the effect cgrick test

glycerine addition in soybean hull extracts when they are

used for skin testing, and (2) assess breakdown and loss @he skin test was performed by the same person with the

antigenicity of soybean hull extracts with or without gly- usual prick technique [17] throughout the study. The results

cerine addition and stored at different temperatures 1 montbf the test were read at 15 min and considered positive when

after preparation. the largest and smallest diameter of the wheal divided by
two was equal to or greater than 3 mm and greater than that
obtained with the negative control (saline solution). The

Materials and methods histamine positive control was greater than 3mm in all
patients.
Subjects In the present study, a 1:100 dilution (protein content of

Twenty-two asthmatic patients (age range: 27—-64 year 10ug/mL) was used instead of a 1:10 dilution (LagmL)

mean: 51 years) admitted to the emergency room of ﬁveb which all patients were positive in' a .preliminary piI'ot
hospitals in Barcelona during an outbreak of severe acutStUdy' The aim was t(_)_conflrm qua_mtltatlvely and qualita-

. : ﬁvely whether the addition of glycerine and also the storage
soybean asthma were studied [13,14]. Patients were select%jr 30 days at different temperatures determine any modi-
because they had all had a positive cutaneous prick test tfo

soybean hull allergen extract at 1:10 (3agmL) dilution in ication in positivity of skin test. Thereforg, each |nd|v.|dual
. . was simultaneously tested for the following extracts: non-
previous studies.

. ) lycerinated fresh (NGF); non-glycerinated stored for 30
A group of 22 patients (21-63 years; mean 54 years_) thglays at 4C (NG-St 4), — 20°C (NG-St 20) and— 70°C
had been treated at the emergency-room on a non-epiden ﬁIG-St 70); the same was done for glycerinated extracts:
day, served as a control group for the prick test performe E- G-St 4_’ G-St 20 and G-St 40 '

with glycerine alone at a dilution of 50%. . : . I 0
A blood sample was taken from each patient for specific A prick test with glycerine alone at a dilution of 50%,

immunoglobulin (IgE) evaluation to fresh non-glycerinated preC|s_er the same as that used in th? preparat|o_n of
extract. which was considered as a reference extract glycerinated extracts, was also performed in the 22 patients
' ' and 22 asthmatic controls.

Antigen extract preparation Identification of specific IgE to soybean hull allergens

The extract used throughout the study was prepared frortdentification of specific IgE to fresh soybean hull allergens
soybean hulls, previously shown to be the most allergenievas performed by a solid phase radioimmunoassay (RIA)
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assay as follows: fresh hull extract was adsorbed to high- For the NG extracts, no significant differences in posi-
binding Removawell strips (Immulon 4, Dynatech Labora-tivity were observed between NG-F extract: 5/22 (22.7%)
tories, Inc., Chantilly, VA, USA). Each well was coated and NG extract after storage for 30 days, either@t:46/22
with 1ug of protein in 10QuL of 0.1m of carbonate- (22.7%),—20°C: 4/22 (18.2%) or— 70°C: 4/22 (18.2%)
bicarbonate buffer, pH9.6. The plates were incubated in &pNS).
humid box overnight at room temperature and washed four For the G extracts stored for 30 days, there was an
times with 0.1v of PBS, pH 7.5, containing 0.01% Tween increase in positivity compared with G-F extract: 4/22
20 (Sigma Chemical Co., St Louis, MO, USA). One hundred(18.2%), when stored at°C: 7/22 (31.0%) P =0.05); 9/
pL of serum of the 22 patients diluted at 1:2 in washing22 (40.9%) P<0.001) at— 20°C and— 70°C.
buffer containing 1% BSA (Sigma Chemical Co) were When positivities obtained with both NG and G extracts
added to each well, incubated overnight and washedwere compared after 30 days’ storage dC4differences
After the addition of 10Q.L of *2°L-labelled rabbit antihu- were observed (22.7% vs. 31.09%) 0.05). Moreover, at
man IgE (Pharmacia Diagnostics AB, Uppsala, Sweden}-20°C and — 70°C differences were also significant
diluted 1:2, the plates were incubated overnight, washe@18.2% vs. 40.9%)K <0.001), showing a clear increase in
again and the radioactivity counted in a gamma counterpositivity with the G extract.
Binding that was 200% above the mean of four normal
control sera was interpreted as positive but borderline, anQuantitative results (Table 2) After 30 days storage, all G
binding above 400% was considered clearly positive. extracts increased the mean diameter of the pricks, but only
the differences between non-glycerinated and glycerinated
extracts stored at—20°C are statistically significant
(P<0.01).
SDS-PAGE of extracts preserved under different conditions Prick tests with glycerine alone were positive in 3/22
for 1 month and with freshly prepared extract was carried13.6%) patients and in 2/22 (9.1%) asthmatic controls
out in 13cm long, 5% to 17% acrylamide linear-gradient(pNS).
gels according to the discontinuous system of Laemmli [18].
Antigen extracts containing 5@y of protein were treated
with SDS and 2-mercaptoethanol (5%), boiled for 10 min,
allowed to cool and then applied to the stacking gel. A seSolid-phase RIA assay demonstrated IgE antibody positiv-
of molecular weight standards was also run in each geity in 10/22 (45.4%). IgE values for eight of these subjects
(Pre-stained SDS-PAGE Standards, Low Range, BIO-RADeached levels, between 2000 and 32000%. To correctly
Laboratories, Richmond, CA, USA). evaluate that positivity was found in only 45.4% of the
Electrophoresis was carried out at 24 mA/gel until theasthmatic epidemic patients, it must be remembered that this
tracking dye reached the bottom of the gel. After electro-study was conducted 2 years after the local authorities
phoresis, the gels were stained with Coomassie Brilliarintervened in the unloading of soybean into the silos to
Blue R-250 (BIO RAD Laboratories) and stained bands ofprevent the release of dust into the atmosphere. Positivity of
the different hull extract were scanned for absorbancepecific IgE to soybean during the epidemic outbreaks was
by laser densitometry (UltroScan XL laser densitometer84.9% [2].
Pharmacia LKB Biotechnology, Uppsala, Sweden).

SDS-PAGE

Evaluation of specific IgE

SDS-PAGE

Bands obtained by SDS-PAGE with fresh soybean hull
The mean of prick test results was compared using thextract and extracts stored at@, — 20°C and— 70°C for
Student’st-test and variance analysis by Fisher-SnedecoB0 days, with and without the addition of glycerine, are
F-test.P<0.05 was considered significant. shown in Fig. 1.

For non-glycerinated extracts, kept atClfor 30 days
(Fig. 1, lane 4), bands with a molecular weight ranging from
66.2—97.4 kDa disappeared. These results are confirmed by
gel densitometry (Fig. 2, No. 4) which also illustrates a
pattern of bands similar to that of fresh extract (Fig. 2,
Qualitative results (Table 1) Pricks with NG-F, prepared No. 2) in extracts kept at 20°C and— 70°C (No. 6 and 8).
and performed the same day, were positive in 5/22 (22.7%) For glycerinated extracts, densitometry of the gel con-
patients, while those with G-F solution were positive in 4/22firms preservation of the protein bands compared with fresh
(18.2%) (pNS). extract, even for the extract stored &CA(Fig. 2, No. 3,5, 7
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Table 1. Prick test results obtained with

soybean hull extract: qualitative evaluation. Temperature in which
Extract (1:100) Day 1 stored for 30 days Skin test positivit{o)
Non-glycerinated Fresh 5(22.7)
4°C 5(22.7)
—20°C 4 (18.2)
—70°C 4 (18.2)
Glycerinated Fresh 4(18.2)
4°C 7 (31.0)*t
—20°C 9 (40.9)**tt
—70°C 9 (40.9)**1t

*P=0.05 compared with fresh non-glycerinatedP’20.001 compared with fresh non-
glycerinated. P <0.05 compared with stored non-glycerinated kept at the same tempera-
tures. TP<0.001 compared with stored non-glycerinated kept at the same temperatures.

and 9). This can also be clearly observed, despite thé&nuisfound no variation in potency of extracts stored with
distortion produced by glycerine, in the separation ofor without glycerine [7,8], the results of the present study
extracts by SDS-PAGE (Fig. 1, lanes 3, 5, 7 and 9). concur with those reported by Nelsehal [10] for Salsola
pestifer in which 50% of glycerinated extracts, at a protein
Discussion concentration of 0.kg/mL, ma.intained their poten_cy at
4°C and 17C for 12 months. Hiatet al [6] also described
One of the problems when working with antigen extracts issimilar results in ragweed at even higher temperatures.
the loss of antigenicity. This loss of potency may be dueVarjonenet al [11] reported a good stability of extracts of
either to the action of proteolytic enzymes contained in thewheat, rye and barley flours when stored for 21 months at
extract or to denaturation of the antigenic proteins, resultingl °C in an aqueous solution containing 50% glycerol. Thus,
in alteration of their conformational epitopes [19,20]. Only these findings suggest that addition of glycerine to the
by studying each antigen individually is it possible to extracts studied determines a good stability at low tempera-
predict how a specific antigenic extract will be affected bytures and even at°€. This latter temperature is the one at
these factors and establish optimal storage conditions.  which clinicians maintain the extracts to later perform skin
In the present study on soybean hull extracts, laseand challenge tests.
densitometry of SDS-PAGE gel confirms breakdown for The previously mentioned protein diminution detected by
the NG extract stored at°C for 30 days only. This fact SDS-PAGE in NG extracts kept af@ for 30 days did not
indicates that storage at 20°C and — 70°C preserves affect positivity of skin test. A possible explanation could be
protein degradation and confirms the preserving capacitfound in the densitometric analysis of the SDS-PAGE which
of glycerine for proteins contained in soybean hull extract.demonstrated degradation in high molecular weight pro-
Whereas other extract stability studies williternaria  teins, while those of low molecular weight are conserved.

Table 2. Prick test results obtained with

soybean hull extract: quantitative evaluation Temperature in which
Extract (1:100) Day 1 stored for 30 days Skin test positivity* (mm)
Non-glycerinated Fresh 1.40
4°C 1.55
—20°C 0.90
—70°C 1.04
Glycerinated Fresh 1.04
4°C 2.09
—20°C 2,72
—70°C 1.90

*Mean diameter for the wheal (mm). P<0.01 compared with fresh glycerinated.
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Fig. 1. SDS-PAGE of soybean hull extracts (bf¥lane) stained
with Comassie Blue and silver nitrate. Lane 1, molecular weight
markers; lane 2, fresh non-glycerinated extract; lane 3, fresh
glycerinated extract; lane 4, non-glycerinated extract, 1 month at
4°C; lane 5, glycerinated extract, 1 month &G4 lane 6, non-
glycerinated extract, 1 month at 20°C; lane 7, glycerinated
extract, 1 month at- 20°C; lane 8, non-glycerinated extract, 1
month at— 70°C; and lane 9, glycerinated extract, 1 month at
— 70°C. No degradation of protein bands is observed, except for
NG extract kept at 4C for 30 days (lane 4) where a degradation in
high molecular weight proteins is observed while those of low
molecular weight are conserved.
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The antigens which triggered the soybean asthma outbreaks e
in Barcelona, are known to have a molecular weight belowM«a g32 & ¥
14 kDa [15].

Concerning the skin test results, the present study conFig. 2. Laser densitometry of the SDS-PAGE gel of Fig. 1.
firms previous observations [4,13,14] that glycerine addi-Numbers 2, 4, 6 and 8 correspond to the non-glycerinated fresh
tion to hull extract increases positivity of NG extract. €xtract, kept for 1 month at°€, —20°C and —70°C, respec-
Compared with F extract, an increase in positivity of gtively; numbers 3, 5, 7 and 9 are identical extracts but are

: lycerinated. The pattern number 4 confirms the results obtained
extract stored for 30 days af@ was observed, being even 9 ;
' DS-PAGE for N ki f
more pronounced for the extracts stored-a20°C and by SDS-PAGE for NG extract kept at@ for 30 days observed in

Fig. 1
— 70°C. Results found with G extracts stored for 30 days at 9

—20°C and— 70°C were also significantly more positive
than those found with NG extracts stored at the same Previous observations corroborate the glycerine effect
temperatures, which further supports a role of glycerine irfound in the present study. In the pilot study, referred to
positivity of skin test. This effect is also verified in the in Material and Methods, an increase in mean diameter of
quantitative evaluation of prick test results, but onlythe wheal from 1.4mm obtained with fresh extract to
becomes significant when mean diameters are comparesié mm with G extract was verified even after only 24 h of
after storage at- 20°C, probably due to the large standard storage. Also in a second study [4], an increase in skin test
deviation and limited number of patients. response after the addition of glycerine to the extract was
The positivity effect of glycerine may be exerted on andetected: NG prick tests were positive in 29/90 (32.2%)
individual's skin because the encounter of the antigen andubjects and for the G ones in 52/95 (57.7Px) 0.003; NG
the individual's antibodies is facilitated. However, the extracts were used up to 10 days after preparation, whereas
positivities of fresh extract, both G and NG prepared theG extracts were used up to 1 month after preparation. This
same day, do not significantly differ. Hence, it can besame effect of glycerine addition was also observed in other
assumed that the effect of glycerine addition takes placexperiences [13,14].
during the storage period. In the group of non-epidemic asthmatic patients
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(considered non-sensitive to soybean) used as controls in the
referred study [4], prick tests with NG extracts were positive
in 6/135 (4.4%) subjects and with G extracts in 7/107 7
(6.5%); thus, it seems that glycerine addition to the extract
increases positivity only in skin tests of patients sensitive to

soybean antigens.

If the results of the present study are confirmed, they may

yield clinical implications in skin testing as well as in other

in-vivo immunological provocation tests. In fact, the effect ¢
of glycerine on the extract permitted the sensitivity of prick
test to be as great as that obtained by RIA or amplified
ELISA, as shown in a previous [4] and in the present study10
in which the percentage of positivity of prick test performed
with stored G extract was very similar to the percentage of

positivities obtained by RIA.
In conclusion, although further work should be conducte

to corroborate these results, the present study suggests ﬂlazt
addition of glycerine stabilizes soybean hull extracts even at

4°C and increases positivity of prick test.
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