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Reduction of Antigenic Protein I-,evels in
latex Gloves after Gamma Irradiation
BRADLEY D. ZEHR, $IAN GROMELSKI, PhD, DONALD BEEZHOLD, PhD

Gamma irradiation is currently the method most com-
monly used to sterilize surgical gloves. In this study,
the effect of gamma irradiation on antigenic proteins
in latex gloves was examined. Protein extraction and
quantitation were carried out using latex gloves before
and after sterilization. Antigenic protein levels were de-
termined by an ELISA assay specific for latex proteins
(LEAP) LEAP analysis revealed a significant decrease

ealth care workers are at risk for developing
allergic reactions to latex.l The majority of
these reactions are delayed-type hypersensi-
tivity reactions to chemical accelerators

added to the natural rubber latex.2 The most extreme
cases of allergic reactions are IgE-mediated type I hyper-
sensitivity reactions. Numerous repofts have shown that
residual proteins on latex medical devices cause these
type I allergic reactions.s6 Manufacturers are examining
ways to reduce the levels of extractable proteins found
on latex products. Evidence suggests that products with
lower protein levels produce fewer allergic reactions.

One factor that has hampered efforts to reduce protein
levels has been the absence of a reliable method by
which to quantitate latex proteins. The colorimetric pro-
tein assays (e.g., ln*ry and Bradford) are unreliable
because chemical accelerators found in latex cause inter-
ferences in these assays.T We have developed an ELISA
method to measure residual antigenic protein levels in
latex products.s This assay presents fewer problems with
interfering substances and is extremely sensitive. In this
study we used the assay to determine the effect of steril-
ization on residual antigenic protein levels in latex
gloves.

MATERIAIS AND METHODS
The latex glove samples were weighed and cut into

small pieces. Extraction of proteins was carried out in
phosphate-buffered saline (PBS), pH 7.2, for 2 hours
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after gamma-irradiation sterilization. This observation
may partially explain the lower levels of extractable antí
genic proteins found in sterile surgical gloves compared
with nonsterile examination gloves. However, gamma
irradiation was less effective than autoclave sterilization
in reducing protein levels. (BIOMEDICAL IN$|RUMENTA-
TI 0ì{_{!_ru_ru.10 L0 GI_19 e 4 ;2 8 : 4 8 I - + 83)_-__-___:-.

at 37"C. Antigenic protein levels in the extracts were
quantitated using the latex ELISA for antigenic proteins
(LEAP) assay.s In brief, the LEAP assay is carried out by
adsorbing latex proteins onto gGwell polystyrene ELISA
plates in 0.1 M carbonate buffer, pH 9.6, for four hours
at37"C. A purified preparation of latex protein is serially
diluted on each plate to produce a standard curve (2 to
0.03 pglml). 'The standard is twofold serially diluted in
duplicate. Similarly, samples containing unknown con-
centrations of latex proteins rwere also serially diluted.
After the flrst incubation, the plates were washed once
with PBS containing 0.1% Tween 20 (TPBS), pH 7 .2, and
unreacted sites were blocked with 10% bovine semm
albumin (BSA) in TPBS for one hour. The plates were
then washed once with TPBS, then incubated with 100 pl
of rabbit anti-latex protein antiserum (1/5,000 dilution)
overnight at 37"C. Following three washes with TPBS,
the plates were reacted with 100 pl of peroxidaseiabeled
anti-rabbit IgG (1/1,000 dilution) for one hour. After
washing five times with TPBS, a colored reaction prod-
uct was produced using o-phenylenediamine (OPD, 1
mglml) in HzO containing 0.1% HrOr. Finally, the reac-
tion was stopped by the addition of 50 pl of 4 N sulfuric
acid. The orange-colored reaction product was quanti-
tated by reading absorbency at 492 nm using an ELISA
plate reader. The concentrations of latex antigenic pro-
tein in unknown samples were determined by compari-
son with the standard latex protein.

RESULTS
Numerous surgical and examination gloves have been

tested for extractable antigenic protein using the LEAP
assay. In general, the data indicate that surgical gloves
have lower levels of residual protein than do examina-
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Figure 1. Antigenic latex protein levels (VS/d of randomly
chosen surgical and examination gloves.

tion gloves (Figure 1). One possible explanation for this
discrepancy may be differences in the sterilization treat-
ments these types of gloves are subjected to. To test
this hypothesis, seven glove types (a single lot was used
for each type) were sampled before and after steriliza-
tion (25-50 KGy). One pair of gloves at each test point
was analyzed for extractable latex protein using the
LEAP assay (Figure 2). The resulting data (Table 1)
demonstrate a decrease in extractable protein levels
after gamma-ray sterilization. Statistical analysis (paired
t-test) of protein levels before and after gamma-ray steril-
ization indicated a significant decrease following steril-
ization (p < 0.01). One additional glove type (H) was
tested before and after sterilization by autoclaving (Ta-
ble 1). This treatment produced the greatest decrease in
residual latex protein levels. The reductions in antigenic
protein levels by sterilization for all gloves tested ranged
from l7o/oto 90%. Interestingly, the reduction by steriliza-
tion was independent of the starting protein level, as
indicated by the lack of correlation between protein lev-
els in nonsterile gloves and percentage reductions (Fig-

ure 3). Possibly this lack of correlation was due to

Table 1. Residual Protein Levels Oyo?"o;îffitîf"uroj*Ififi'*T"ar EightTvpes of Gloves Sampled

Sterilized
Right t€ft Right Nonsterile Sterilized 7o Reduction

gamma-ray dosage variations from lot to lot.
As shown in Table 1, ceftain glove types demonstrated

considerable variability between gloves within the sam-
pled pairs. This raised the possibility that the observed
reduction could have been the result of glove-to-glove
variability. To address this possibility, two films were
cast from a single sample of liquid text. One film was
further processed by gamm a-ray sterilization before test-
ing the films for extractable protein. Again, a75o/o reduc-
tion due to sterilization was observed (Table 2).

DISCUSSION
Residual protein levels in latex medical gloves are

known to cause type I allergic reactions.l Research is
being conducted to elucidate the latex protein allergens
and the parameters that are important in their removal
from latex medical devices.e Important issues include
identifying the mechanisms by which latex exposure
occurs, identifying the relevant protein allergens, and
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Figare 2. Mean antigenic protein values beÍore and after steril-

ization for each glove pair ($g/g) by LEAP assay.
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* paired t-test using the differences between nonsterile and gamma-ray-sterilized gloves yields significance at p < 0.01.
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Figure 3. calculated percentage reductions in antigenic pro-
tein levels by gamma-ray sterilization of latex gloves plotted
against nonsterile values.

Table 2.I,F,AP Values of Nonsterile and
Sterilized l-atex Film

LEAP (pglg)
Nonsterile Gamm a-ra1'- sterilized % Reduction

5,580 1.370

removing the offending latex allergens.l0 It is generally
agreed that latex protein exposure occurs by absorption
through the skin, by mucous membrane contact, and
by inhalation of latex protein-laden glove powders.r,n, rz

In this study, we used an ELISA technique to examine
manufacturing parameters that influence extractable
protein levels. we observed that sterile surgical gloves
had lower levels of extractable proteins than did exami-

nation gloves. Several differences between the manufac-
turing processes for examination gloves and surgical
gloves may account for the lower levels of latex protein
in surgical gloves. It is known that leaching reduces
extractable proteins,e and surgical gloves undergo addi-
tional processing steps. Additionally, surgical gloves are
sterilized, and the sterilization process may influence
protein levels. In this study, we demonstrated a dramatic
decrease (50%) in extractable antigenic latex proteins
following gamma sterilization. It is not clear, however,
why gamma irradiation reduces the protein levels. It is
speculated that cross linking of the proteins by gamma
rays may render them insoluble and less easily ex-
tracted. Alternatively, gamma rays may break peptide
bonds, reducing the lengths of the peptide chains and
making the smaller peptides difficult to detect. However,
this is unlikely since the LEAP assay defects peptides
that are 1,000 KD or less in size.

Autoclave sterilization was found to be very effective
in reducing antigenic protein levels in the one sample
so tested. Interestingly, the prevalent method of steril-
izationwas changed from autoclaving to gamma irradia-
tion during the 1960s. This change has been implicated
in the adverse reactions to glove starch powders (starch
granuloma).l3 It has been shown that autoclave steriliza-
tion reduces skin-prick test positivity in comparison with
gamma sterilization.la Our limited data suggest that auto-
clave sterilization may be more efficient in the reduction
of antigenic latex proteins and thus may produce a safer
product.
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