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ABSTRACT

Evaluating allergenicity of natural rubber latex (NRL)
products is essential for the successful reduction of the
consumer’s exposure to potentially allergenic NRL proteins.
We have developed an ELISA Inhibition method for the
quantitation of extractable proteins from NRL products
which has good sensitivity and specificity. The method utilizes
rabbit anti-NRL protein serum as a detection mechanism.
The source of NRL proteins for immunization and as a refer-
ence protein in the assay is ammoniated raw latex (AL). By
comparison with the Western blot analysis of the rabbit sera,
it appears that the ELISA detects most of the latex proteins
present in extracts. To investigate, further, this assumption,
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we compared the ELISA Inhibition test with two other
methods for total protein measurement. We also compared
the values generated by the ELISA Inhibition test with
other immunological methods for quantitation of antigenic
and allergenic proteins. Comparisons were performed with
15 extracts from randomly selected surgical and examination
gloves. The samples were coded separately for each test to
insure the objectivity of evaluation. The antigenic protein
values obtained by the ELISA Inhibition test correlated best
with the HPLC amino acid analysis (correlation coefficient
(cc)=0.79) and with the LEAP assay (cc=0.97). The
antigenic protein levels obtained by the ELISA test were
3-10 times lower than those obtained by the HPLC analysis.
A lesser correlation was observed with the Modified Lowry
assay (cc=0.45), which is likely due to chemical interference
bias in the Lowry method. Our findings suggest that the
antigenic proteins measured by the ELISA Inhibition test
described here more closely represent the measure of the
total protein content in the extracts. It is important to note
that the relative values obtained by this method are lower
than the values obtained by other total protein methods,
possibly due to a large number of small peptides present in
NRL products, that would only be measured by the chemical
method.

INTRODUCTION

A major factor in the development of an allergy is the degree of
exposure to the allergen. A number of studies have revealed the correlation
of sensitization to natural rubber latex (NRL) proteins with duration
and frequency of the exposure to NRL products."?! Similarly, in patients
with spina bifida, the level of sensitization correlated with the number of
surgical procedures performed on the individual child.>** While avoidance
of NRL is the most effective way to prevent sensitization or latex allergic
reactions, it cannot be easily accomplished considering the ubiquitous
nature of natural rubber. Logically, reducing the levels of allergens on the
finished products should reduce the sensitization. It has been observed that
the use of low allergen gloves appears to reduce the rate of sensitization
among NRL product users.!

Reliable quantitation of NRL allergens is crucial for the adequate
prediction of the potential allergenicity of finished NRL products. Several
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methods for the quantitation of total NRL proteins,” " antigenic NRL
proteins,® or allergenic NRL proteins!!® '3 have been developed in the
past several years. The reproducibility and uniformity of the measurements
and their relevance as an indicator of allergenicity has not been, however,
fully established. The American Society for Testing Materials (ASTM)
standard method, the Modified Lowry (D5712), that is presently used, is a
chemical assay measuring total protein content.”) After several years of
experience with this method, it was established that interference of chemical
additives in NRL products represent a significant impediment to accurate
measurement of protein levels in NRL manufactured products. The method
also lacks the sufficient sensitivity needed to quantitate the reduced protein
levels found on more recently manufactured products.

A number of research laboratories applied various formats of RAST
or ELISA tests to quantitate either allergenic proteins, using sera from
NRL allergic patients,''" ¥ or antigenic proteins using rabbit anti-NRL
serum.® 1% In recent years, great progress has been achieved in identifying
allergenic proteins, but an accurate and reproducible test for allergen
quantitation has not been developed. The uncertainty of yet unidentified
NRL allergens, differences in the relative proportions of individual allergens
in various NRL products and the heterogeneity of responses in sensitized
patients, represent a hindrance to developing a relevant standardized
allergen test.

Using an ELISA Inhibition test format, we have developed a sensitive
and reproducible method for quantitation of antigenic NRL proteins.
The protocol has been validated by round robin testing in collaboration
with the ASTM and developed into a new standard, ASTM D6499-00.!')
Furthermore, we compared the antigenic protein values of several NRL
glove extracts obtained using the ELISA Inhibition Assay with the values
obtained by the other chemical and immunological methods.

EXPERIMENTAL
Antigen Preparation

For the extraction of latex proteins, we have used raw latex from
Hevea brasiliensis, which was either treated with ammonia immediately
after the harvest or preserved with glycerol in its natural form. A pool of
several samples of ammoniated latex (AL) was used to prepare AL antigen.
For the preparation of nonammoniated latex antigen (NAL), the raw latex
was obtained from H. brasiliensis clone 600 in Malaysia.
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AL was sampled immediately upon arrival to the US (five to ten weeks
from harvest). One lot of full ammonia (0.9% ammonia) and one lot of low
ammonia latex (0.4% ammonia) were collected from three different latex
suppliers. The latex was centrifuged at 76000 x g for 2h. The aqueous
protein extract was recovered by puncturing the side of the centrifuge
tube below the rubber layer to remove the aqueous fraction (C serum).
Additional rounds of centrifugation were used if the C serum remained
cloudy. The clarified aqueous extract was passed through a 0.45pum filter
and dialyzed against a 0.1 M carbonate buffer, pH. 9.6 using dialysis tubing
of MWCO 1000 (>20 volumes each over 4 changes of carbonate buffer)
for 3 days at 4°C to remove the ammonia and other chemical compounds.
The latex protein concentration was determined using ASTM DS5712-95
Modified Lowry assay and the protein was freeze-dried (lyophilized)
under nitrogen into small vials by Greer Laboratories (Lenoir, NC).

NAL was diluted with phosphate buffered saline (PBS) pH—7.2-7.4
containing 0.1% SDS and centrifuged at 10400 x g. The aqueous fraction
underneath the rubber layer was collected using a canula and syringe. The
aqueous fraction was additionally centrifuged at 40000 x g for 60 min
to separate the remaining latex particles. The extract was passed through
a 0.45 pum filter and dialyzed against a 0.1 M carbonate buffer pH. 9.6 using
dialysis tubing of MWCO 1000 (>20 volumes each over 4 changes of
carbonate buffer) for 3 days at 4°C. The latex protein concentration was
determined using ASTM D5712-95 and the protein solution was lyophilized
under nitrogen into small vials by Greer Laboratories.

Antisera Preparation

New Zealand white female rabbits (5-6 1b) were immunized with either
AL or NAL antigen, using Complete Freund’s Adjuvant (CFA, Sigma,
St. Louis, MO) or TiterMax adjuvant (CytRx, Norcross GA). For rabbits
immunized with CFA, an equal volume of antigen was mixed with CFA to
form a homogenous emulsion. Rabbits were injected subcutaneously at 2—6
sites on the dorsum with 150 pL aliquots, containing total of 750 pug of
protein. After a rest period, 2 booster injections were given using incomplete
Freund’s adjuvant (IFA) on week 4 and 5. The total amount of antigen
administered per rabbit was 1.5-3.0mg of AL and 1-1.5mg of NAL.
Starting at week 7, rabbits were bleed weekly and the anti-NRL antibody
titers were checked by an indirect ELISA. After 5 to 6 bleedings, the rabbits
were exsanguinated.

For rabbits immunized with TiterMax adjuvant, a 50/50 mix of
antigens and adjuvant was injected subcutaneously at four injection sites
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(0.4mL per rabbit). Four injections of 100 uLL each were given, one site over
each shoulder and one site over each hind quadriceps. Antibody titer
was checked by indirect ELISA. Two subsequent boost injections were
given at 2 and 10 weeks. Three weeks following the last injection the rabbits
were bled and exsanguinated.

Extraction of Proteins from NRL Products

Water-soluble proteins were extracted from surgical and examination
gloves according to the standard ASTM procedure described in D5712
and D6499 protocols. Briefly, extraction was done with 100 mM PBS, pH
7.4, in a 5:1v/w ratio at 37°C for 2h with shaking every 10-15min.
Extracts were centrifuged to remove glove powder and other particulates,
and the cleared supernatants were used in the assays.

ELISA Inhibition Test for Latex Protein

Inhibition plates were prepared using low protein binding microtiter
plates, blocked with 300 pL/well of 3% nonfat dry milk/PBS overnight
at room temperature. After washing plate 3x with saline containing
0.05% Tween 20 (T-PBS), seven two-fold dilutions of each test extract
(100 pL/well) and seven two-fold dilutions of AL or NAL reference protein
beginning at 2 pg/mL were made in duplicate wells. Rabbit anti-NRL serum
(1/15000 dilution) was added to each sample dilution (100 pL/well). The
plates were incubated for 2h at 37°C.

Microtiter plates containing the solid phase antigen were prepared by
coating the polystyrene ELISA plates (Maxisorb, Nunc) with 0.3 pg/well of
latex protein in a carbonate buffer pH 9.6. After incubation for 2h at 37°C,
solid phase antigen was washed 3x with T-PBS. The non-reacted sites were
blocked for 1h with 3% nonfat dry milk/PBS and washed two times with
T-PBS.

After the 2h incubation of the inhibition plates to allow antibody
reaction with the test samples, the inhibited antiserum was transferred to
the 96-well assay plates containing the solid phase antigen. The assay plates
were then incubated for 2h at 37°C to allow remaining unbound antibody
to bind to the solid phase antigen. After washing the plates three times
with T-PBS, a 1/5000 dilution of peroxidase-labeled goat anti-rabbit IgG
(Sigma, St. Louis, MO) was added and incubated for 1 h at 37°C. The plates
were again washed three times, and a colored reaction was developed by the
addition of o-phenylenediamine (1 mg/mL) in H,O containing 0.1% H,O,.
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The color development was stopped by the addition of 50 uL/well of 4N
sulfuric acid. The reaction product was quantified by reading the optical
density at 490 nm using a microtiter plate reader. The concentration of
latex protein in the test samples was determined by comparing the optical
density of the samples to the optical density of the latex reference standard
at seven consecutive dilutions of the original extract. The inhibition assay
has a linear working range between 30 and 2000 ng/mL.

RESULTS
Pilot Studies

The inhibition format of the ELISA test has been successfully used
in the past for the quantitation of various individual allergens. Considering
that natural latex proteins contain a large number of individual proteins,
ranging in molecular weights from very small peptides to over 200kD
proteins, the basic test format had to be adapted to measure such a hetero-
geneous group of proteins. Several pilot studies were conducted to
determine the optimal test parameters specific for these antigens. We also
investigated the option to perform competitive instead of noncompetitive
inhibition. As an alternative to the two step assay, described in the method
section, the test samples together with rabbit antiserum were added directly
to the assay plates. These studies showed a higher level of inhibition with a
noncompetitive format, than with competitive inhibition in the assay plates
(Table 1). Also, the carbonate buffer pH—9.6 resulted in a greater level of
inhibition than when PBS pH—7.4 was used as a coating buffer. The non-
competitive inhibition format and carbonated buffer were selected for
further study.

A crucial parameter for this test was the selection of a standard
antigen. The protein composition on finished NRL products differ from
one another, as well as from ammoniated and nonammoniated raw latex,
which further complicates the selection of an appropriate standard protein.
As glove proteins could not be standardized, we evaluated two protein
sources, nonammoniated and ammoniated latex protein extracts, as poten-
tial standard antigens. Earlier data with immunoblots indicated that both
AL and NAL contain native proteins that may be potential allergens in
humans.["®'® Proteins in AL extracts are partially hydrolyzed, and have
quite a different appearance in immunoblots. We choose to study both
sources of antigens to determine which of them would be more appropriate
and provide more accurate measurements of glove protein levels.
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Table 1. Percent of Inhibition in Competitive and Noncompetitive Inhibition

Assay

Competitive Inhibition Non-Competitive Inhibition
Antigen
Conc. (ug/mL) pH=9.6 pH=7.4 pH=9.6 pH=7.4
4 66 58 84 72
2 56 44 72 62
1 46 36 71 53
0.5 33 26 60 45
0.25 19 19 44 33
0.12 12 12 27 23
0.06 5 9 19 15
0.03 -1 5 11 9
0.015 -5 -3 2 2
0 0 0 0 0

Values represent average of values from two independent laboratories Guthrie
Research Institute and the FDA Research Laboratory. The data include evaluation
of two coating buffers, carbonate buffer at pH =9.6 and PBS at pH=7.4.

Figure 1 shows an evaluation of protein levels in 8 glove extracts
using either a combination of a) NAL antigen and anti-NAL antiserum
on NAL coated plates (NAL assay, Fig. 1A), or b) AL antigen and anti-
AL serum on AL-coated plates (AL assay, Fig. 1B). With the NAL assay, 2
of the 8 extracts showed clear dose-response inhibition of the serum, while
the other extracts only mildly inhibited anti NAL serum, suggesting a very
low level of NRL proteins in those extracts. However, with the AL assay, 7
of 8 glove extracts showed various levels of dose-response inhibition. We
also observed that AL was a poor inhibitor in the NAL assay and that NAL
was a poor inhibitor in the AL assay. This finding was unexpected, as the
allergenic similarity of these two protein sources has been documented
in vivo and in vitro.'*!!

We anticipated that a possible reason for the lack of antigen recogni-
tion by rabbit antibodies might be the selection of adjuvant for rabbit
immunization. The sera used in the above pilot studies were generated
using TiterMax adjuvant. To address this question we evaluated the binding
capacity and specificity of our rabbit antisera in comparison with rabbit
anti-NRL sera from other laboratories, where complete Freund’s adjuvant
was used. We evaluated two rabbit sera generated by immunization with
NAL proteins, using either TiterMax (NAL-T) or CFA (NAL-F) as the
adjuvant and two sera from rabbits immunized with AL proteins and the
same combination of adjuvants (AL-T and AL-F). The assay of a direct
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Figure 1. Evaluation of antigenic protein levels in glove extracts, comparing two
sources of reference antigen. The assay plate coating antigen and the inhibition
antigen was either NAL (A) or AL (B) protein. The inhibition curves of glove
extracts were compared to inhibition curves of both NAL and AL antigens.

binding and antigen recognition capacity was performed in plates coated
with preparations of NAL or AL protein extracts (Fig. 2). The data shows
variability in the capacity of these sera to react with different protein
preparations. While anti-NAL sera demonstrated a higher titer for both
NAL and AL proteins, the most critical factor for binding with protein
from various sources appeared to be the adjuvant used for immunization.
CFA was clearly a stronger adjuvant than TiterMax for the generation of
anti-NRL antibodies. Both, the adjuvant used and the form of the protein
antigen for the rabbit immunization appeared critical for the capacity of
immune sera to react with NRL proteins.

Preparation and Validation of Assay Reagents

Our pilot data indicated that the AL reagents react better with glove
extracts, therefore we selected AL as a preferred source of antigen for
the further development of the assay protocol. To minimize possible effect
of the variations in the protein composition among different samples of AL,
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NNAL-7 T

OD values

anti-NAL(F) anti-NAL(T) anti-AL(F) anti-AL(T)
rabbit sera (1:10,000})

Figure 2. Evaluation of rabbit anti-NRL sera reactivity with various sources of
NRL protein. Plates were coated with (2 pg/well amount) various preparations of
AL and NAL antigens. Sera (1/10000 dilution) from rabbits immunized with either
NAL or AL antigen using Titermax adjuvant (NAL-T, AL-T) or complete Freund’s
adjuvant (NAL-F, AL-F).

a new AL protein antigen was prepared as a mixture of extracts from
three high-ammonia and three low-ammonia NRL samples. Figure 3
shows SDS-PAGE analysis of the individual AL samples (top). The Western
blots of the individual samples and the mixture of all six samples (bottom)
were performed with rabbit anti-AL and anti-NAL sera.

The new AL protein preparations were evaluated by inhibition assay
using either a mix of (a) three low ammonia preparations, (b) three high
ammonia preparations, or (c) a pool of all six preparations as a coating
antigen (Fig. 4). The rabbit anti-AL serum was inhibited by both high
and low ammonia preparations in a similar pattern and the ability of the
inhibited serum binding to the coating antigen was comparable. With the
pool of both high and low ammonia preparations used as a coating antigen,
the inhibition curves showed the best dose-response pattern. The mixture of
all six preparations was used for further studies and to generate antisera.
Rabbits were immunized with the pool of low and high ammonia AL
antigen in complete Freund’s adjuvant. The assay produced consistent
data when based on the standard curve obtained with these reagents.
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SDS-PAGE and Western blots of three low-ammonia and three
high-ammonia NRL extracts and a pool of all six preparations in comparison

Figure 3.
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Figure 4. Comparison of new AL antigen preparations in the ELISA inhibition
assay. Anti-AL serum was inhibited with several AL antigen preparations
(AL-D =original AL antigen, AL-H =pool of three high-ammonia preparations,
AL-L =pool of three low ammonia preparations, AL-POOL = pool of AL-H and
AL-L preparations, GL-85=glove extract). All preparations were evaluated using

either AL-L, AL-H or AL-POOL as a coating antigen.
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The inhibition curves generated in the three individual laboratories had an
intra-laboratory relative standard deviation (RSD) of 4.3-5.3% within the
assay. When combined, the inter-laboratory RSD averaged 9.4% across
the standard curve. In order to evaluate the specificity of the antigen
pool and the capacity of the new antiserum to react with glove proteins,
we tested a number of extracts from NRL medical gloves (Fig. 5). The intra-
laboratory variability of the inhibition curves was again very low, while an
increased variability in analysis of the glove extracts, with an RSD of 27%,
was found among laboratories.

Comparison of the ELISA Inhibition Test with
Other NRL Protein Assays

To evaluate relationship of the ELISA Inhibition test with other
methods, the protein levels obtained by this test were compared to the
levels obtained by other methods routinely used to quantitate NRL
proteins. The antigenic protein levels obtained by the ELISA inhibition
assay were compared with the total protein values measured by either the
Modified Lowry assay (ASTM D5712), or by amino acid analysis. The
ELISA inhibition assay was also compared with another antigenic protein

: ~ @FoA
16 EGRI
— a0 |ONOSH .|

protein level (pg/ml)

86 87 8 8 90 91 92 93 94 95 9 97 98 99 100
glove samples

Figure 5. Antigenic protein values in 15 glove extracts determined by the ELISA
Inhibition.
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method, the LEAP assay, and with the RAST inhibition assay that measures
allergenic proteins using patient IgE. The same glove extract preparations
were used in all tests.

The antigenic protein levels obtained by the ELISA inhibition assay
were markedly lower than the total protein values for the same extracts
(Table 2) This was not surprising, considering the different nature of protein
detection for the various methods. While the ELISA is an immunological
method, and appears to measures all proteins capable of inducing
antibody response in rabbits, the Modified Lowry assay D5712 is a chemical
method that measures all protein in the NRL extracts.”) The protein
measurement in the Lowry method can be biased by the interference of
chemical additives in NRL products.') The amino acid analysis also meas-
ures total protein content including all small peptides and single amino acids
that may have no antigenic properties and probably are not be recognized
by the ELISA test. Correlation coefficients among values obtained by these
methods are presented in Table 3. The highest correlation of the ELISA

Table 2. Comparative Evaluation of Protein/Antigen/Allergen Levels in Various
Glove Extracts (in pg/mL)

Sample # ELISA® LOWRY?® LEAP® RAST¢ AA°®
86 0.33 69 0.31 0.27 6.2
87 2.90 133 15.95 1.46 8.9
88 3.30 118 9.98 0.02 59.2
89 2.70 21 3.40 0.01 9.6
90 2.06 165 13.00 0.32 6.2
91 0.13 10 0.25 0.01 11.4
92 17.46 128 114.00 0.49 120.5
93 1.76 110 5.90 0.08 90.9
94 12.37 106 20.90 2.80 64.1
95 0.24 41 0.28 0.00 2.5
96 2.80 37 6.50 0.08 9.6
97 0.02 10 0.02 0.00 2.8
98 0.10 24 0.02 0.00 8.0
99 0.06 16 0.02 0.00 2.0

100 0.14 10 0.02 0.00 3.8

“ELISA values—average of data from three different laboratories.
PLOWRY values—average of data from four different laboratories.
‘LEAP data was determined at GRI.

JRAST values—average of data from two different laboratories.
°AA data was determined at Baxter Corp.



10: 32 16 January 2011

Downl oaded At:

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

™

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

ANTIGENIC PROTEIN IN NATURAL RUBBER LATEX 273

Table 3. Correlation Coefficients of Glove Extracts Values of Total/Antigenic/
Allergenic Protein Levels*

Testing Methods

ELISA LOWRY LEAP RAST AA
ELISA 1.00 0.51 0.89 0.58 0.78
LOWRY 0.51 1.00 0.48 0.46 0.55
LEAP 0.89 0.48 1.00 0.23 0.75
RAST 0.58 0.46 0.23 1.00 0.28
AA 0.78 0.55 0.75 0.28 1.00

*Data from Table 3 used for CC calculations.

Inhibition assay was with the LEAP assay and with the amino acid analysis.
When the ELISA inhibition values were compared to the levels of allergenic
proteins obtained by the RAST inhibition assay, a lower level of correlation
was observed. Limited skin testing performed with the same NRL protein
extracts indicated a similar correlation level as with the RAST inhibition
assay data (not shown).

DISCUSSION

The past experience in quantitation of NRL proteins and/or allergens
has indicated a significant degree of complexity. Potential factors contribut-
ing to the complexity are: (a) the multitude and heterogeneity of NRL
proteins; (b) variations in the composition and relative proportion of
individual proteins on finished NRL products; (c) heterogeneity of human
IgE responses and (d) incomplete identity of allergenic proteins. In view of
a need for standardized quantitative evaluation of the allergenicity of
NRL products, the most appropriate approach was to develop methods
that measure most NRL proteins. The basic assumption was that the total
amount of protein is proportional to the amount of antigenic proteins,
and thus would indirectly reflect the potential allergenicity of NRL prod-
ucts. The Modified Lowry assay was developed as an ASTM standard
(D5712) and has been used to quantitate total proteins on NRL products
for several years. With continuing problems of chemical interferences
and a relatively high limit of detection, the need for a better assay was
apparent. In the process of developing new assays, efforts have been
aimed at methodologies that would quantitate only biologically relevant
proteins, i.e., those proteins that have antigenic and/or allergenic properties.
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Several methods have been already used in research and clinical labora-
tories, but the accuracy or relevance of the measurement has not been
fully established, and none of the methods have been standardized outside
of the individual laboratories.

The main purpose of this study was to develop an assay that: (a)
could be suitable for the quantitation of biologically pertinent proteins,
and (b) could be validated and standardized. The comparison of the inter-
and intra-laboratory data obtained by the ELISA Inhibition showed good
reproducibility and the sensitivity to 0.5 pg/mL level. With the common
well-defined NRL protein source used as a reference protein and as the
antigen for rabbit antisera generation, the test could be easily standardized.
The ELISA Inhibition test was recently accepted as a new national ASTM
D6499 standard. A critical factor for the measurement accuracy was found
to be the selection of proper reagents. The choice between NAL extract as
a source for NRL proteins in the native form, and AL extract, which
represents the actual source material for NRL products, has been a subject
of many discussions. We evaluated the performance of both sources of NRL
proteins as a potential reference antigen in the ELISA Inhibition assay.

In the earlier studies, the Western blot analysis showed that NAL
contains the largest number of discreet protein bands that are recognized
by either human or rabbit sera.'® On the other hand, human anti NRL
serum showed a more complete inhibition of AL than NAL protein pre-
paration.!"®'”) Based on the linearity of standard curves and the recognition
of proteins in glove extracts obtained in our study, we have selected a
pool of six extracts of AL proteins as the preferred antigen. We further
showed that not only the type of protein affects the assay, but also that
the adjuvant used for immunization of rabbits is affecting specificity of
rabbit antibodies. The Freund’s complete adjuvant appeared to produce
antisera with higher titer and less dependent on the conformation of immu-
nizing antigen than the TiterMax adjuvant. The AL protein and Freund’s
complete adjuvant was determined to be more appropriate for the assay,
based on our testing of glove extracts and the fact that AL is the source
material for NRL gloves.

When glove extracts were evaluated using the AL reagents, the result-
ing values of antigenic protein were comparable to the LEAP assay, which
is very similar to the ELISA Inhibition assay in regards to both, the mechan-
ism of detection and the source of reagents.®! The chemical methods
that measure total protein content, however, showed higher values than
the two ELISA tests. This was especially evident with the Modified Lowry
method, where all proteins and peptides are detected and in addition a
chemical interference can cause false positive reactivity and produce
markedly higher values. The higher values obtained by the amino acid
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analysis, which does not have the same bias as the Modified Lowry, can be
attributed to the detection of small peptides and single amino acids. Another
cause for the observed higher values obtained by chemical methods in com-
parison with immunological methods is that chemical assays measure casein,
a non-latex protein component to some latex formulations that would not
be detected by the ELISA tests.”® Small peptides, single amino acids and
casein are not detected by the immunological methods and are irrelevant as
potential allergens.

The values of the protein levels of 15 glove extracts obtained by the
ELISA Inhibition test correlated well with the LEAP test and with the
amino acid analysis. A lesser correlation was found with the Modified
Lowry assay. The interference of chemical additives to NRL gloves is
probably the main reason for the lack of good correlation between the
Modified Lowry and the ELISA Inhibition assay. A good correlation with
the amino acid analysis indicate that the ELISA Inhibition assay indeed
measures most proteins, except small peptides and single amino acids.

The ELISA Inhibition assay values demonstrated a less good
correlation with the allergen measurement by the RAST inhibition assay.
A likely reason for the observed discrepancy is a variation in relative pro-
portions of individual allergenic proteins on NRL products and a variation
in relative levels of the IgE antibodies specific for individual allergens in
human sera. This will be also an important issue in the development of a
general allergen test, as these variations may significantly affect the accuracy
of the test. The similar argument can be used in the comparison of the
ELISA Inhibition test with the skin test values. The preliminary evaluation
of glove extracts studied herein on a small sample of only 10 NRL allergic
individuals provided an equivocal information. A recent skin testing study
with individual allergens showed that some patients, who had positive skin
test with the crude AL protein preparation, reacted to only one or none of
the seven major allergens tested.”'! As in the case of the RAST test, this
data suggest that sensitized individuals have been exposed to different aller-
genic proteins and different amounts of particular allergens. These data
also suggest that other proteins, in addition to known major allergens
may be allergenic.

In general, a direct comparison of absolute protein values obtained by
the ELISA Inhibition test with the values obtained by other methods for
the quantitation of NRL proteins, antigens or allergens may be difficult due
to significant differences in their detection mechanisms, differences in the
reference proteins and the specific biases of each method. The ELISA
Inhibition assay appears to accurately reflect the protein content of NRL
products and indirectly estimates their relative potential allergenicity. The
quantitation of antigenic proteins, includes in measurements all proteins
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that are known allergens or could be potential allergens, This approach
overcomes the significance of the wvariability in protein composition
among NRL products that may be an issue in development of a specific
allergen test.
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