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While less than 1% of the general population is sensitized to
latex, the U.S. Occupational Safety and Health Administration
estimates that 8–12% of health-care workers are sensitized. The
major source of workplace exposure is powdered natural rubber
latex (NRL) gloves. NRL is harvested from Hevea brasiliensis trees
and ammoniated to prevent coagulation resulting in the hydrolysis
of the latex proteins. Prior to use in manufacturing, the latex is
formulated by the addition of multiple chemicals. Thus, human
exposure is to a mixture of residual chemicals and hydrolyzed
latex peptides. Clinical manifestations include irritant contact
dermatitis, allergic contact dermatitis (type IV), and type I imme-
diate hypersensitivity response. Type I (IgE-mediated) NRL al-
lergy includes contact urticaria, systemic urticaria, angioedema,
rhinitis, conjunctivitis, bronchospasm, and anaphylaxis. Taking
an accurate history, including questions on atopic status, food
allergy, and possible reactions to latex devices makes diagnosis of
type-I latex allergy possible. To confirm a diagnosis, either in vivo
skin prick testing (SPT) or in vitro assays for latex-specific IgE are
performed. While the SPT is regarded as a primary confirmatory
test for IgE-mediated disease, the absence of a U.S. Food and Drug
Administration-licensed Hevea brasiliensis latex extract has re-
stricted its use in diagnosis. Serological tests have, therefore, be-
come critically important as alternative diagnostic tests. Three
manufacturers currently have FDA clearance for in vitro tests, to
detect NRL-specific IgE. The commercially available assays may
disagree on the antibody status of an individual serum, which may
be due to the assay*s detecting anti-NRL IgEs to different aller-
genic NRL proteins. Sensitized individuals produce specific IgE
antibody to at least 10 potent Hevea allergens, Hev b 1–Hev b 10,
each of which differs in its structure, size, and net charge. The
relative content and ratios of Hevs in the final allergen preparation
most probably could effect diagnostic accuracy. The Hev proteins
have been cloned and expressed as recombinant proteins. Sequenc-
ing demonstrates both unique epitopes and sequences commonly
found in other plant proteins. Sequence homology helps to explain

the cross reactivity to a variety of foods experienced by latex
allergic individuals. The development of recombinant allergens
provides reagents that should improve the diagnostic accuracy of
tests for latex allergy. Although clinical and exposure data have
been gathered on the factors affecting response in latex-allergic
individuals, less is known regarding the development of sensitiza-
tion. Coupled with in vitro dermal penetration studies, murine
models have been established to investigate the route of exposure
in the development of latex sensitization. Time-course and dose-
response studies have shown subcutaneous, intratracheal, or top-
ical administrations of non-ammoniated latex proteins to induce
IgE production. Both in vitro penetration and in vivo studies
highlight the importance of skin condition in the development of
latex allergy, with enhanced penetration and earlier onset of IgE
production seen with experimentally abraded skin. The diagnosis
of latex allergy is complicated by these variables, which in turn
hinder the development of intervention strategies. Further epide-
miological assessment is needed to more explicitly define the
scope, trends, and demographics of latex allergy. Diagnostic ac-
curacy can be improved through greater knowledge of proteins
involved in the development of latex allergy, and better documen-
tation of the presently available diagnostic tests. In vivo and in
vitro models can elucidate mechanisms of sensitization and pro-
vide an understanding of the role of the exposure route in latex
allergy-associated diseases. Together, these efforts can lead to
intervention strategies for reducing latex allergy in the workplace.
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Introduction

Natural rubber latex (NRL) allergy has become an important
occupational health concern, particularly among health-care
workers. Shoup (1998) noted that latex allergy did not appear
in the literature until 1979. Although references to allergic-type
reactions to rubber appeared over 65 years ago (Downing,
1933; Stern, 1927), there has been little interest in the topic
until the 1990s. Figure 1 illustrates the escalating number of
publications appearing in the literature in the past decade. It is
not known to what extent the interest in latex allergy coincides
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with prevalence of the disease. It is generally believed that the
U.S. Centers for Disease Control and Prevention’s recommen-
dation (CDC, 1987) for the use of latex gloves to prevent HIV
transmission was a seminal event. In addition, the U.S. Occu-
pational Safety and Health Administration has required em-
ployers to provide gloves and other protective measures against
blood-borne pathogens since 1992. Use of latex gloves in-
creased from 12 billion pairs used in 1987 to 200 billion pairs
used in 1997 (Valliere, 1999). Interestingly, latex gloves have
been used in the health-care industry for over 100 years
(Shoup, 1998). What has changed in the last decade is unprec-
edented increase in the use of latex gloves, changes in the
manufacturing process by some manufacturers, and the switch
to one-time-use disposable gloves (Shoup, 1998). Also, latex
gloves are widely used today outside the health-care field by
such diverse professionals as hairdressers, police officers,
painters, and food-service workers (NIOSH, 1997). As NRL is
used in the manufacture of a wide variety of products, allergic
individuals face considerable difficulty in minimizing exposure
to latex in the workplace once sensitization has occurred.
Therefore, the common use of latex in household items and in
medical environments has increased the possibility of sensiti-
zation to latex. Although there is no consensus on the preva-
lence of latex allergy, it is nonetheless considered a serious
medical problem for a growing number of patients and a
disabling occupational disease among health-care workers.

Processing of NRL

NRL is harvested fromHevea brasiliensistrees, primarily in
Southeast Asia. Upon collection, chemicals, including ammo-
nium hydroxide, formaldehyde, or zinc oxide are added to
prevent coagulation, deterioration, and bacterial growth. Treat-
ment with ammonia causes the proteins within the latex to
undergo hydrolysis. The raw latex is centrifuged to separate the
large rubber particles from aqueous “serum” layers containing

very small rubber particles, soluble and insoluble proteins,
carbohydrates, and lipids. Prior to manufacturing, the latex is
further formulated to enhance the barrier properties of latex
film by the addition of anti-oxidants and accelerators (thiu-
rams, carbamates, and/or mercapto compounds) and other
chemicals. Dipped latex products are produced by immersing
molds into tanks of compounded rubber. In the case of latex
gloves, lubricants that facilitate donning and removal, such as
cornstarch, may be added by dipping the gloves into a powder
slurry. Proteins, liberated from the latex, attach to the powder
as the slurry dries onto the gloves. This powder can act as a
carrier for latex proteins and may potentially have adjuvant
effects (Ruhlet al., 1994). In addition, protein-laden powder
particles can become aeroallergens during donning and re-
moval of gloves (Tarloet al., 1994). Therefore, exposure to
latex involves a mixture of residual chemicals and hydrolyzed
latex peptides. The hydrolyzed nature of the allergens compli-
cates efforts to identify major allergens and the development of
reagents forin vivo and in vitro diagnostic tests.

Symptoms of NRL Allergy

Powdered NRL gloves have long been known to be respon-
sible for irritant contact dermatitis, which is a relatively com-
mon reaction, perhaps related to occlusion, a moist environ-
ment, and other irritants such as residual soap. The most
common immunologic reaction resulting from the use of latex
gloves is allergic contact dermatitis, caused by rubber additives
including thiurams, carbamates, and mercaptobenzothiazoles.
This is due to a type-IV or delayed hypersensitivity immuno-
logic response (Heeseet al., 1991).

Since 1988, an increasing number of cases of type-I allergic
reactions have been reported (Sussman and Beezhold, 1995).
Between 1988 and 1992, the FDA received 1000 reports of
allergic reactions to NRL. The typical clinical presentation
includes contact urticaria, allergic rhinoconjunctivitis, and
asthma. The most serious type-I response is anaphylaxis, which
is characterized, in severe cases, by airway obstruction. Life-
threatening anaphylactic shock occurs during surgery in sen-
sitized patients, due to absorption of latex protein allergens
from NRL surgical gloves. Fifteen deaths have been attributed
to latex-allergic reactions from exposure to NRL barium enema
tips, which subsequently have been removed from the market-
place.

Prevalence of NRL Allergy

The reported prevalence of NRL sensitization in the general
population is considered to be less than 1% (Liss and Sussman,
1999; NIOSH, 1997). High risk groups for sensitization and the
development of clinical NRL allergy include health-care work-
ers with reported prevalence from 6 to 17% (ACAA, 1995;
Kaczmareket al., 1996; Kibby and Akl, 1997; Lagieret al.,
1992; Yassimet al., 1994). The U.S. Occupational Safety and
Health Administration estimates the range from 8 to 12%.

FIG. 1. Number of publications using the key words “latex allergy.” Bars
are total publications for a given year.
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Children with spina bifida have reported prevalences of 28 to
67% (Slater, 1992; Sussmanet al., 1991). Health-care workers
are exposed to latex proteins from routine wearing of NRL
gloves or inhaling airborne NRL-laden glove powder. The
dermal and inhalation routes of exposure are believed to lead to
the development of sensitization. Spina-bifida children are
exposed to NRL through multiple surgical procedures predis-
posing them to latex hypersensitivity. It is thought that expo-
sures to NRL early in life makes these children more vulner-
able to development of latex-specific IgE antibody and type-1
latex hypersensitivity.

In addition to symptoms of contact sensitivity to NRL
gloves, work related latex allergic complaints, anaphylactic
events during surgery, and the presence of atopy and food
allergy are critical elements of a clinical history (Lisset al.,
1999). Latex-allergic patients have a high prevalence of food
allergy, particularly to certain fruits, which has been recog-
nized as a “latex-fruit syndrome” (Brehleret al., 1997). Pa-
tients with food allergy may be at increased risk for developing
latex allergy. In 1991, latex and banana were reported to
cross-react (M’Raihiet al., 1991). The most common cross-
reacting foods in addition to banana include avocado, chestnut,
kiwi, potato, and tomato (Beezholdet al., 1996) while less
commonly cross reacting are apple, apricot, celery, cherry, fig,
grape, melon, papaya, and peach. Clinically, the presentation
may include local perioral itching but occasionally also food-
induced life-threatening anaphylactic shock (Fernadez de
Corres et al., 1993). While the occurrence of symptomatic
cross-reactions to foods is commonly associated with latex
sensitization, whether sensitization to food is a significant route
for latex allergy orvice versaremains to be determined.

Diagnosis

The identification of susceptible individuals can be ascer-
tained with a medical-history questionnaire. Although a latex
skin-prick test (SPT) is a sensitive indicator of IgE sensitiza-
tion, a Food and Drug Administration-approved skin test ex-
tract is not currently available in the USA. “Home-made” NRL
glove extracts are unreliable and unpredictable. Where extracts
are available, latex skin testing requires qualified specialists
familiar with the correct technique and interpretation. This
includes, but is not exclusive to, the initiation of testing with
well-diluted solutions and the availability of emergency equip-
ment for treatment of possible systemic reactions (Kellyet al.,
1994). Blood tests for latex protein-specific IgE antibodies
using radioallergosorbent tests (RAST) or enzyme-linked im-
munosorbent assays (ELISA) and Western blots can identify
about 75% of persons with IgE sensitivity (Kellyet al., 1993).
While the SPT is regarded as the primary test for IgE-mediated
disease, the absence of U.S. FDA-licensedHevea brasiliensis
latex extract has restricted SPT use in the U.S. This has led to
increased importance and use of serological tests as an alter-
native diagnostic tool.

Assessment of Diagnostic Kits

Clinical accuracy of serological tests is based on the ability
to discriminate between individuals who score positive or
negative on SPT, which serves as a “gold standard.” In the
absence of an FDA-licensed extract, there is a need to compare
performance of diagnostic tests on sera from a population that
has had SPT testing using a validated non-ammoniated latex
extract, and has undergone evaluation with a medical history
questionnaire (Hamiltonet al., 1999; Hamilton and Adkinson,
1996, 1998). Three manufacturers have currently obtained
510K (safe medical device) clearance from the FDA for their
latex in vitro reagents: the CAP System (Pharmacia-UpJohn),
the AlaSTAT (Diagnostic Products Corporation), and the HY-
TEC assay (HYCOR Biomedical). Overall, the currently FDA-
cleared latex IgE serological assays produce 25–28% false
negative and 27% false positive IgE antibody results (Hamilton
et al., 1999).

Although commercial assays are based on non-ammoniated
latex as their primary allergen, there are differences in their
performance. A comprehensive analysis of paired performance
of the available FDA-cleared latex anti-IgE assays indicates
that systematic biases within the assays results in poor associ-
ation between the serological assays and SPT for the diagnosis
of latex allergy. This was established using the results of
non-ammoniated latex SPT as the diagnostic standard to eval-
uate 311 individuals of whom 131 were positive and 180
negative, based on questionnaire results and SPTs for latex
allergy. Sera from these individuals were tested for non-am-
moniated latex IgE antibody concentration using the 3 sero-
logical kits. The kits were compared using Receiver Operating
Characteristic (ROC) curves and commercially available soft-
ware (GraphROC for Windows, 2.0) to evaluate test outcomes.
ROC plots graphically display the entire spectrum of a test’s
performance for a particular sample group of allergic and
non-allergic subjects. With an ROC curve, the accuracy of a
test is described by plotting all the sensitivity vs. specificity
pairs resulting from varying the IgE antibody concentration
cut-off point for accepting or rejecting the outcome as positive.

Many factors go into the selection of a cut-off point that are
independent of the performance of a diagnostic kit. These
factors are properties of the circumstances of the clinical ap-
plication and include the outcomes and the relative values of
those outcomes, the costs to the patient (and others) of incor-
rect information (false-positive and false-negative classifica-
tions), and the costs and benefits of various treatment options.
These characteristics are not properties of the tests themselves
but interact with test results to affect usefulness. As a conse-
quence, selection of cut-off points for a diagnostic kit, which
favor sensitivity over specificity orvice versa,varies, depend-
ing on the application of the results. Therefore, using sensitiv-
ity or specificity as the only criteria for selection of a diagnostic
test may not be optimal. ROC analysis provides information on
the relationship between specificity and sensitivity so that, the
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greater area under the ROC curve, the more optimal the rela-
tionship between sensitivity and specificity.

Using ROC curve analysis and a standardized SPT outcome
for 311 individuals as a “gold standard“, the HY-TEC system
demonstrated significantly greater (p , 0.01) area under the
curve (AUC, 0.9246 0.017) than CAP (0.8696 0.024) or
AlaSTAT (0.8586 0.024), suggesting it is the most accurate of
the 3 FDA-cleared latex-specific IgE antibody tests. Results of
these analyses indicate that the HY-TEC system, at a maxi-
mum diagnostic efficiency cut off of 0.11 kIU/L of IgE yields
a significantly greater AUC than CAP or AlaSTAT. At this
cutoff, the HY-TEC system has an increased sensitivity of as
much as 9.2% over CAP and AlaSTAT (at their respective
maximally efficient cutoffs of$0.35kIU/L and$0.35kIU/L),
with a reduction in specificity of only 4.4%, clearly indicating
that it is the most sensitive of the 3 tests. It should be kept in
mind that the HY-TEC assay, using the 0.11kIU/L cutoff, will
still mis-classify 16.8% of SPT-positive individuals as being
negative, and 7.2% of SPT-negative individuals as being pos-
itive. For comparison, the HY-TEC test using a 0.05kU/L
cutoff yields a diagnostic sensitivity of 91.6%, with a diagnos-
tic specificity of 73.3%. Comparing the two HY-TEC cutoffs
(0.05 and 0.11) indicates a loss of sensitivity at the higher
cutoff of 8.4%, with a gain in specificity of 20.5%

In addition to its application to the evaluation of diagnostic
kits, ROC analyses also provide support for the proposed
hypothesis (Matssonet al., 1998) that IgE antibody assays can
detect different subsets of IgE antibody of a given specificity,
possibly as a result of differential specificities of their allergen-
containing reagents. There are several possible reasons for this:
different batches of source NRL are known to vary up to
25-fold in their total allergen content (Yeang and Hamilton,
1998); sensitized individuals produce specific IgE antibody to
at least 10 potentHeveaallergens, Hev b 1–Hev b 10; each of
these allergens differs in its structure, size, net charge (pI),
relative allergenicity, and abundance in natural rubber latex.
Moreover, aqueous latex extracts vary widely in their relative
content of rubber particle-associated proteins Hev b 1 (rubber
elongation factor [14.6 or 58 kD tetramer]) and Hev b 3
(prenyltransferase or small rubber-particle protein [23-27 kD]).
The relative content and ratios of all hevein proteins in the final
allergen preparation most probably could alter the diagnostic
accuracy of a specific test. Other potential causes of allergen-
containing reagent heterogeneity include variable stability during
storage and variable binding of allergen to labels (e.g., biotinyl-
ated co-polymer in AlaSTAT) or solid supports (sponge in CAP;
cellulose disc in HYTEC)(Yeang and Hamilton, 1998).

Animal Models

Animal models are frequently used to conduct mechanistic
studies that, due to test article toxicity or sensitization poten-
tial, would be unethical to perform in humans. Additionally
intervention strategies can be developed and evaluated in ani-

mal models. To this end several animal models of latex allergy
have been developed.

Historically, guinea pigs have been used to investigate sys-
temic and dermal anaphylaxis (Kuby 1992) and recent inves-
tigations by Hayeset al.(2000) have shown hairless guinea pig
skin to be a good surrogate for human skin with respect toin
vitro penetration of latex proteins. Aamir,et al. (1996) dem-
onstrated that guinea pigs immunized subcutaneously with
non-ammoniated latex or components of NRL mixed with
Freund’s complete adjuvant developed latex-specific antibod-
ies capable of mediating dermal and systemic responses. The
major shock organ for the guinea pig is the lung, which makes
it a good model for evaluating pulmonary responses; however,
the major reaginic antibody for the guinea pig is IgG1, in
contrast to IgE for the human.

Rabbit models of latex allergy have also been evaluated, due
to the size of the animal and the advantages it offers in the
conduct of physiological studies. In these studies, Reijula,et al.
(1994) demonstrated an increase in latex-specific IgG in serum
and lung lavage fluid of immunized animals, with all sensitized
animals developing an immediate wheal and flare reaction
following intradermal skin testing with latex. Histological
evaluation of the lungs of sensitized rabbits following intratra-
cheal exposure revealed a granulomatous interstitial and bron-
chial inflammation with eosinophils and histiocytes.

Due to the increased knowledge of the immunology of the
mouse and its similarity to the human immune system, the
immunological reagents and transgenic and genetic knockout
animals available, and the reduced cost associated with pur-
chasing and housing mice, mouse models have been become
widely used in investigations of hypersensitivity responses.
Kurup, et al. (1994) first demonstrated the immunological
responses in mice following either intraperitoneal or intranasal
exposure to latex proteins in BALB/c and C57BL/6 mice. Mice
showed elevations in total IgE and latex-specific IgG of all
subclasses, peripheral blood, and lung eosinophilia as well as
elevated serum levels of IL-4 and IL-5. Lung histology, after
pulmonary challenge, showed chronic inflammatory infiltrates,
most notably around bronchioles and small vessels. Knockout
mice have been used in evaluating the role of IL-4 in the
pathogenesis of latex allergy (Xia et. al. 1999). Following
pulmonary challenge with latex proteins, IL-4 knockout mice
did not show elevations in IgE or eosinophils. However, these
animals exhibited increased airway resistance (although re-
duced as compared to wild-type mice) after challenge as com-
pared to controls. Pulmonary pathology was found to be sim-
ilar between wild-type and IL-4 knockout mice. The authors
conclude from these studies that other factors in addition to IgE
and eosinophils may be responsible for pulmonary response in
latex allergy. Care must be taken in interpreting these data as
they may relate to humans, in that IgG1 can function to sensi-
tize mast cells in mice.

Although clinical and exposure data have been gathered on
the factors affecting the elicitation of responses in latex allergic
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individuals, less is known regarding the development of sen-
sitization. Coupled within vitro dermal penetration studies,
murine models were established to investigate the role of the
route of exposure in the development of latex sensitization.
Mice were shown to develop increased levels of total and
latex-specific IgE following exposure to latex proteins by res-
piratory (intranasal and intratrachael), subcutanous (sc), and
dermal exposure. Time-course and dose-response studies have
shown that multiple subcutaneous administrations of as little as
0.19mg of non-ammoniated latex proteins (NAL) elicited IgE
production in 5 weeks. Animals exposed sc, intratracheally, or
topically to 12.5mg of non-ammoniated latex demonstrated
IgE production within 2, 3, and 5 weeks, respectively (Wool-
hiser et al., 2000). Immunoblot analysis of sera from these
animals demonstrated differing patterns of protein recognition
with sera from sc-exposed mice showing a unique recognition
of a 27 kD protein and mice exposed via the intratracheal route
demonstrating a high degree of recognition of a 92 kD protein.
As discussed in the following section, different patterns of
sero-recognition for specific proteins have been demonstrated
between health-care workers and children with spina bifida.
Data from these mouse models suggests that route of exposure
may be involved in determining the primary proteins respon-
sible for sensitization.

Much of the focus on intervention strategies and mouse
models has been on respiratory exposure. The use of powdered
latex gloves has been demonstrated to increase the amount of
latex allergen recovered by air and dust sampling and inter-
vention strategies where powdered latex gloves have been
replaced with non-latex or powder-free latex gloves have been
effective in decreasing aeroallergen levels. Recent investiga-
tions have focused on dermal exposure as a route of sensitiza-

tion. Both in vitro penetration andin vivo studies highlight the
importance of skin condition in the development of latex
allergy, with enhanced penetration and earlier onset of IgE
production seen with experimentally abraded skin.

Hayeset al. (2000) demonstrated an increase in percutane-
ous penetration through abraded human skin. A strong corre-
lation exists between the degree of skin abrasion and the
amount of proteins penetrating, with less than 1% penetrating
through intact skin and up to 30% penetrating abraded skin
(Fig. 2). Proteins penetrating the skin ranged from approxi-
mately 4 to 27 kDa in size. These molecular weights corre-
spond to several of the major latex allergens.In vivo studies in
mice showed an earlier elevation in IgE in mice where the skin
was abraded prior to exposure; however, following 53 days of
repeat exposure, IgE levels were comparable in mice regard-
less of skin condition (Fig. 3). This data indicates that skin
condition is important in cases of acute exposure but may not
be as significant with chronic exposure.

Decreased pulmonary conductance and compliance follow-
ing challenge with methacholine (ip) or latex protein (iv) have
been demonstrated in mice previously exposed to latex via the
intranasal route (Thakkeret. al., 1999). Increased bronchocon-
striction has also been demonstrated in mice sensitized by the
dermal route and challenged with methacholine and latex pro-
teins by the pulmonary route (unpublished results).

Animal models are also being used to investigate the role of
concurrent exposure to other chemicals and agents in the
workplace on the development of latex allergy. Intranasal
co-exposure to endotoxin with recombinant Hev b 5 increases
the Hev b 5-specific IgE response without altering total IgE

FIG. 2. In vitro percutaneous penetration of non-ammoniated latex protein
into and through human and hairless guinea-pig skin. Values for skin, receptor
fluid, and mass balance represent the mean percentage of the applied125I-
labeled latex protein dose. The number shown in each bar represents the total
number of skin samples combined from all penetration studies. Mass balance
percentages were calculated by adding together the counts for the skin,
receptor fluid, and soap and water washes. Unpairedt-tests were performed to
compare data obtained from abraded skin versus intact skin where **p , 0.01.

FIG. 3. Time course of total IgE response following topical application of
non-ammoniated latex to intact or abraded skin. BALB/c female mice were
topically exposed to vehicle (glycerol buffer/acetone) or 50-g, non-ammoni-
ated latex proteins 5 days/week. Blood was collected via tail vein on the days
shown, and was analyzed for total IgE by ELISA. Data points represent means
for each group (n 5 5). **Indicates statistical difference from vehicle-exposed
mice atp , 0.01 using a Dunnett’s test.
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(Slateret al., 1998). However, other laboratories have found
that intranasal co-exposure of endotoxin with a mixture of
non-ammoniated latex proteins suppresses the elevation in total
and latex specific IgE compared to the response observed to
non-ammoniated latex alone (Meadeet al., unpublished). Con-
current with the decrease in latex specific IgE, these animals
had elevated IgG2a levels. Investigation of the effects of co-
exposure of latex with glutaraldehyde, a common contaminant
in health-care environments, revealed an augmentation of the
latex-specific IgE response at concentrations of glutaraldehyde
near the OSHA-permissible exposure limit. These observations
underscore the complexity of the mechanisms involved in the
development of an allergic response to a complex mixture.

Molecular Characterization of Latex Proteins

NRL is a cytoplasmic exudate of the lacticifer layer of the
tree and contains most of the cytosolic organelles and proteins
found in any plant cell. Immediately upon tapping, NRL is
further complexed by the addition of ammonium hydroxide to
prevent coagulation. This allows products to be manufactured

by dipping molds into the liquid latex (gloves, condoms, cath-
eters, and balloons). Products manufactured from a dry rubber,
rubber that is allowed to coagulate at the tree, have signifi-
cantly lower protein levels than dipped products.

The ammonia treatment causes the proteins found in latex to
undergo hydrolysis (Fig. 4). Prior to manufacturing, the latex is
further formulated by the addition of chemicals such as thiu-
rams or carbamates to accelerate coagulation times and en-
hance the barrier properties of latex film. As noted above, these
added chemicals are responsible for the type-IV allergic reac-
tions. Therefore, exposure to latex involves a complex mixture
of residual chemicals and the hydrolyzed latex peptides. The
roles of the chemicals in type-1 allergic responses to latex
proteins are not known, but they have been postulated to
function as haptens. The hydrolyzed nature of the protein
allergens complicates efforts to identify major allergens and
the development of appropriate reagents forin vivoandin vitro
diagnostic tests.

To better understand latex allergy, it is important to identify
the major protein allergens in latex. When analyzed by 2-D
electrophoresis, non-ammoniated latex contains more that 250
peptides of which at least 30 bind IgE from latex allergic
patients (Kurupet al., 1994). Multiple investigators, using a
variety of methodologies, have succeeded in characterizing a
number of these latex protein allergens. Typically, Western
blot analysis with patient sera has been used to identify the
IgE-binding proteins. Analysis indicates that patient reactivity
is very heterologous (Fig. 5). To identify the allergens, proteins
are isolated from non-ammoniated latex and characterized us-
ing routine biochemical characterization.

Many of NRL proteins have been cloned, sequenced, and
expressed as recombinant proteins. Currently, 10 proteins have
been characterized and given allergen designations (Table 1)
by the International Union of Immunological Societies. There
appears to be selective reactivity to certain proteins. Although
the reasons for this are unclear, it is hypothesized to be due to
the different routes of exposure. For example, Hev b 1 and 3
are more common allergens for patients with spina bifida or

FIG. 4. SDS–PAGE analysis of latex proteins. Non-ammoniated latex
(NAL) protein shows a discrete banding pattern, while protein isolated from
ammoniated latex (AL) demonstrates a smear of peptides indicating hydrolysis.

FIG. 5. IgE Western blot of se-
rum from 10 latex allergic patients
(2-letter designations) demonstrating
variable reactivity to multiple latex
proteins in non-ammoniated latex (N)
and peptides in ammoniated latex
(A).
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other urogenital malformations (medical exposure), while
other proteins are more common allergens in health-care work-
ers (occupational exposure). In a recent study (Yipet al.,
2000), 6 recombinant proteins (Hev b 2, 3, 5, 6, 7, and 8) were
used for skin testing in latex-sensitive health-care workers.
This study revealed Hev b 5, 6, and 7 to be the most common
allergens for health-care workers. Reactivity to Hev b 5 was
62%, for Hev b 6 was 65%, and for Hev b 7, 41%, in this group
of 29 subjects. Twenty-seven (27/29) patients reacted to at
least one of the recombinant proteins, with 11 subjects being
mono-sensitized. Of the mono-sensitized patients, 5 were sen-
sitized to Hev b 5, 3 to Hev b 6, and 3 to Hev b 7. Of the 27
patients reacting to at least 1 recombinant protein, all reacted to
Hev b 5, 6, or 7; thus, a combination of Hev b 5, 6, and 7
produced a positive reaction in 27/29 (93%) of the latex aller-
gic patients. Mono-sensitized patients had significantly lower
anti-latex IgE levels (AlaSTAT), suggesting that the reasonin
vitro diagnostic tests have lower sensitivity than skin testing,
may be due to insufficient quantities of these specific proteins
in the non-ammoniated latex preparations used for producing
the diagnostic kits (Beezholdet al., 1999). The use of recom-
binant allergens should provide reagents that greatly improve
the diagnostic accuracy of tests for latex allergy.

Patients with food or plant allergies, while they commonly
test positive for latex byin vitro diagnostic tests (i.e., AlaSTAT
or CAP), generally are asymptomatic upon latex exposure
(Garcia-Ortizet al., 1998; Vallieret al., 1995). Plant protein
sequence homology or a limited number of common epitopes
could explain the cross reactivity to a variety of the foods.
Using overlapping synthetic peptides, linear IgE-binding
epitopes have been determined for several latex allergens. At
least 4 latex allergens have been epitope-mapped using syn-
thetic peptides (Banerjeeet al., 1997; Beezholdet al., 1997,
1999; Chenet al., 1996; Slateret al., 1999). Hev b 1 was found
to contain 2 major epitopes, with protein sequence homology
and limited cross reactivity to papain from papaya (Chenet al.,
1996). Hev b 5 was shown to contain at least 6 epitope regions
(Slater et al., 1999, Beezholdet al., 1999). Hev b 5 has

sequence homology with a protein from kiwi, but the epitopes
appear in regions of limited homology reducing the likelihood
that this protein is responsible for cross reactivity with kiwi
(Beezholdet al., 1999). Hev b 6 contains at least six epitopes
(Banerjeeet al., 1997; Beezholdet al., 1997) the most impor-
tant of which are found in the N-terminal mature hevein.
However, the epitopes in Hev b 6 are in regions of high
homology to hevein-like proteins and class-I chitinases that are
widely distributed in plants. Recent evidence suggests that Hev
b 6 is responsible for much of the cross reactivity to fruits
(Sanchezet al., 1999; Blancoet al., 1999; Poschet al., 1999;
Hanninenet al., 1999; Chenet al., 1998; Mikkolaet al., 1998).
Hev b 7 has structural homology to a potato phospholipase
called patatin, although 15 epitomes have been found
(Beezholdet al., unpublished; Kostyalet al.,1998), the exper-
imental evidence suggests that little of the cross-reactivity with
potato is due to cross reactivity with patatin (Sowkaet al.,
1999). Hev b 8 was identified as a member of the profilin
family, a well known pan-allergen, but few latex allergic
individuals react to Hev b 8 (Yip et al., 2000) suggesting that
it is not responsible for extensive cross-reactivity. It appears
that the hevein family of proteins is a previously unrecognized
pan-allergen responsible for much of the cross reactivity of
latex with other plant and food allergens (Blancoet al., 1999).

Prevention

Individuals develop sensitivity to NRL by multiple routes
including inhalation and compromised skin. Repeated physical
contact with latex enhances the potential for developing a
response. This is especially problematic for health-care work-
ers who may wear dozens of gloves daily. Once the immune
system is sensitized there may be no safe level of latex expo-
sure and workers are at risk for severe allergic reactions. The
only treatment is avoidance. The American Academy of Al-
lergy and Asthma Immunology (AAAAI, 1993; AAAAI and
ACAAI, 1997; ACAAI, 1995) have developed guidelines for
diagnosing and managing care to persons with latex allergy

TABLE 1
NRL IgE-Binding Allergens

Allergen Common name MW (kDa) SPT reactivity to rHev b (13) Epitopes identified

Hev b 1 Rubber elongation 58/14.6 nd T and B cells
Hev b 2 b 1–3-glucanase 34–36 7% (2/29) No
Hev b 3 Small rubber particle protein 24–27 7% (2/29) No
Hev b 4 Microhelix protein ;100 nd No
Hev b 5 Acidic protein 16–24 62% (18/29) T and B cells
Hev b 6 Hevein preprotein 20, 14, 5 65% (19/29) B cells
Hev b 7 Patatin homologue 43 41% (12/29) B cells
Hev b 8 Profilin 14 3% (1/29) No
Hev b 9 Enolase 51 nd No
Hev b 10 Mn-superoxide dismutase 26 nd No

Note.Allergen names designated by IUIS Allergen Nomenclature Subcommittee.
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(Fig. 6). Important points are: (1) the recording of a medical
history focusing on symptoms, (2) availability of clinical test-
ing for latex allergy in high-risk individuals, and (3) avoidance
of NRL by identified latex-allergic individuals. For allergic
patients, medical and dental procedures should be performed in
a latex-safe environment with no direct NRL exposure from
gloves, catheters, adhesives, or tourniquets. Only non-latex
gloves should be used. Patients with irritant contact dermatitis
should avoid excessive washing, hand occlusion, and the use of
irritants such as soaps. Type-IV hypersensitivity should be
diagnosed by appropriate patch tests and the implicated aller-
gen avoided. Workers with severe latex-induced rhinoconjunc-
tivitis and asthma may require workplace relocation. But
avoidance needs to be part of prevention. Although it is known
that the latex proteins are the responsible allergens, the corn-
starch powder used with latex gloves easily absorbs and dis-
perses aerosolized latex dust when gloves are snapped on and
off. Low-allergen powder-free NRL gloves are available and
manufacturers are working to lower allergenic protein levels.
As these products become widely used the incidence of new
sensitization is expected to decline. Additional effective work-
place practices should include identification of areas contami-
nated with latex. Monitoring of workplace environments where
latex gloves are used has revealed that latex particle concen-
trations can exceed 200mg/m3, and concentrations as low as

0.6 mg/m3 have been linked to NRL-specific allergic response
(Baur et al., 1998). Therefore, it may be beneficial if workers
use good housekeeping to remove latex-containing dusts. In-
deed, removal of NRL gloves has been shown to reduce
aeroallergens below the detection limit (Allmerset al., 1998)
and allowed severely symptomatic individuals to return to their
original workplace (Tarloet al., 1994). To establish effective
remediation, education programs and training materials about
latex allergy need to be provided to workers. High-risk workers
should also be screened for latex allergy symptoms. Detecting
symptoms early is essential for prevention of long-term health
effects (NIOSH, 1997).
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