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Latex allergy continues to be an important medical problem.
In this review we re-examine the definition of latex allergy, the
offending allergens, the factors that enhance sensitization, the
threshold levels that sensitize and elicit reactions in sensitized
individuals, current diagnostic techniques, avoidance mea-
sures, the barrier properties of nonlatex alternatives, and the
roles of premedication and immunotherapy. Twenty years
after its resurgence, latex allergy is a well-defined condition
with established diagnostic criteria and rational treatment and
prevention strategies. However, in spite of advances associated
with molecular studies of latex allergens and improved under-
standing of immunotherapy, avoidance remains the only effec-
tive treatment. (J Allergy Clin Immunol 2000;105:1054-62.)
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Latex allergy continues to be a feature of allergy prac-
tice worldwide. In the 20 years since its resurgence,1

latex allergy has become a well-defined condition with
recognized risk groups, established diagnostic tests, and
rational treatment and prevention strategies.2-4 The cir-
cumstances that have generated numerous judicial and
legislative efforts will not be addressed in this review, nor
will broad preventative remedies be proposed; these have
been discussed elsewhere.2,5 Rather, we will focus on
unanswered specific questions of clinical significance for
the patient with latex allergy: (1) How do we define latex
allergy? (2) What specific allergens cause latex allergy?
How are these allergens absorbed? Are all patients sensi-
tized by the same allergens? (3) Given constant exposure,
are there specific factors that enhance a person’s likeli-
hood of being sensitized? (4) What are threshold levels
for sensitization in a naive individual? For reaction in a

sensitized individual? (5) What are the strengths and
weaknesses of the currently available diagnostic tech-
niques? (6) How do the barrier properties of nonlatex
alternative gloves compare with those of latex gloves?
(7) What specific avoidance measures have been shown
to work? (8) What is the role of medication and
immunotherapy in the treatment of latex allergy?

HOW DO WE DEFINE LATEX ALLERGY?

The diagnosis of latex allergy is based on the identifi-
cation of individuals with latex-specific IgE and symp-
toms consistent with IgE-mediated reactions to latex-
containing devices. The diagnosis of latex allergy should
not be made on the basis of either of these criteria alone.
Patients who have laboratory findings indicating the
presence of latex-reactive IgE antibody without clinical
reactivity may have cross-reactive antibodies of no clini-
cal significance. Likewise, patients with frankly anaphy-
lactoid symptoms but no evidence of latex-specific IgE
on serologic or skin testing may be reacting to other envi-
ronmental allergens, and the diagnosis of latex allergy
should be entertained only after an exhaustive evaluation
of other possibilities.3,6

How then should we interpret epidemiologic studies and
surveys that base their conclusions on determinations of
latex-specific IgE alone? In principle, these studies remain
valuable because, although the presence of latex-specific
IgE is not equivalent to the presence of latex allergy in an
individual patient, the seroprevalence of latex-specific IgE
in a population is directly proportional to the risk of latex
allergy in that population. However, the performance char-
acteristics of the test used to measure latex-specific IgE
must also be considered. At this time no single available
test or combination of tests or challenge procedures is suf-
ficient for the accurate diagnosis of latex allergy in all
cases. Thus comprehensive and well-designed challenge
studies will be needed to define true positives, true nega-
tives, and the limits of the testing regimens.

WHAT ARE THE SPECIFIC LATEX

ALLERGENS?

Several latex allergens have been cloned and
sequenced; others have been partially characterized. Mo-
lecular studies have largely supplanted previous attempts
to identify latex allergens by immunoblot and inhibition

Current reviews of allergy and clinical immunology
(Supported by a grant from Astra Pharmaceuticals, Westborough, Mass)

Series editor: Harold S. Nelson, MD

Latex allergy

Gerald E. Poley, Jr, MD,a and Jay E. Slater, MDb Washington, DC, and Bethesda, Md

From the aDepartment of Allergy, Immunology, and Pulmonary Medicine,
Children’s National Medical Center, Children’s Research Institute, Wash-
ington, DC, and the bLaboratory of Immunobiochemistry, Division of Bac-
terial, Parasitic, and Allergenic Products, Center for Biologics Evaluation
and Research, US Food and Drug Administration, Bethesda, Md.

The views expressed in this article are the personal opinions of the authors
and are not the official opinion of the US Food and Drug Administration
or the Department of Health and Human Services.

Received for publication Feb 25, 2000; revised Mar 2, 2000; accepted for
publication Mar 2, 2000.

Reprint requests: Jay E. Slater, MD, Laboratory of Immunobiochemistry,
DFA/CBER/DBPAP, 1401 Rockville Pike (HFM-422), Rockville, MD
20852.

1/1/106925
doi:10.1067/mai.2000.106925



J ALLERGY CLIN IMMUNOL

VOLUME 105, NUMBER 6, PART 1

Poley and Slater 1055

studies. We are now able to identify, with reasonable cer-
tainty, most of the bands that appear on electrophoretic
analysis of latex extracts (Fig 1). However, it is important
to recognize that recombinant proteins derived from
sequences cloned from Hevea plant material—even those
that bind to IgE from latex-allergic individuals—may not
represent naturally expressed proteins or proteins that are
present in finished products. The identity of the cloned
products, or even products derived directly from native
plant material, with authentic allergens in latex products
must be determined experimentally for each allergen.

Table I lists currently identified latex allergens. Most
of these (Hev b 1, Hev b 3, Hev b 5, Hev b 6, Hev b 7,
hevamine, and prenyltransferase) are fully characterized
and sequenced; for others, only partial sequences are
available. Current information suggests that Hev b 17 and
Hev b 3 are major allergens for children with multiple
congenital anomalies.8 Hev b 3 has 47% homology to
Hev b 1.9 Hev b 2 and Hev b 4 are more important for
health care workers with latex allergy.10 Hev b 5 is rec-
ognized by IgE from a majority of both health care work-
ers and latex-allergic children.11

Several reports have highlighted clinical and immuno-
chemical cross-reactivity between latex and banana,
chestnut, avocado, and other fruits.12-20 Beezhold et al21

found that, among 47 latex-allergic adults (mostly health
care workers), 17 (36%) had clinical reactivity to at least
one food, 53% were positive to prick testing with avoca-
do, and a smaller number were reactive to potato, banana,
tomato, chestnut, and kiwi. Cross-reactive allergens in
banana appear at several molecular weights between 23
and 47 kd22,23 and in avocado between 27 and 91 kd.24

Papain7 and profilin25 have also been implicated as
cross-reacting or common proteins in latex. It is notable
that none of these investigations has focused on any one
of the many identified discrete Hevea latex allergens but
rather on pooled allergen extracts. In one study that
attempted to identify individual cross-reacting latex pro-
teins, the investigators found a broad range of latex pep-
tide bands inhibited by banana extract23; in another, only
the 14-kD latex band was inhibited by a crude avocado
preparation.24

Structural homologies between Hevea proteins and food
proteins have been noted in several studies. Hevein shares
multiple domains with wheat germ agglutinin.26 Patatin
contains a region with strong homology to Hev b 7.21 How-
ever, cross-reactivity between Hev b 7 and patatin is uncer-
tain.27 Hev b 5 is strongly homologous to the complemen-
tary DNA sequence in kiwi, pKIWI501.11 Lysozymes are
present in Hevea latex and are ubiquitous; homologies
among these may elicit some of the cross-reactions seen.28

Latex antigen exposure can occur by cutaneous, percu-
taneous, mucosal, and parenteral routes, and the antigen
can be transferred by direct contact and aerosol. Aerosol
transmission of antigen has been well documented.29-31 In
another study the amounts of latex antigen measured in
air samples from different areas of the Mayo Clinic cor-
related well with the frequency of glove use and glove
changes in those areas.32 Tomazic et al33 have shown con-

vincingly that the cornstarch powder with which gloves
are dusted is a potent carrier of latex proteins.

Although severe systemic reactions have occurred
after cutaneous and respiratory exposure,34-37 it is clear
that direct mucosal and parenteral exposure poses the
greatest risk of anaphylaxis. Several reports highlight the
hazards of patients with previously mild (and easily
manageable) cutaneous or respiratory reactions who
experience more severe reactions with mucosal or par-
enteral exposure.38-43

Latex antigens appear to be readily bioavailable across
the skin and mucosal surfaces; anaphylactic reactions
have occurred after all types of exposure. However, it is
not clear that all latex antigens are equally absorbed by
all routes. Yeang et al8 have suggested that Hev b 1 and
Hev b 3, which are particle-bound proteins that appear to
be less soluble than other latex antigens, elicit reactions
predominantly in patients with spina bifida, who are
more likely to have repeated mucosal contact with latex
gloves than are health care workers who, in general, have
daily cutaneous exposure to gloves and respiratory con-
tact to airborne allergens. The bioavailability of each of
the identified latex allergens has yet to be studied.

WHAT ARE THE FACTORS THAT ENHANCE A

PERSON’S LIKELIHOOD OF BEING

SENSITIZED TO LATEX ALLERGENS?

The prevalence of latex allergy in the general popula-
tion appears to have remained at less than 1%.44-47 Dis-
tinct groups at risk for latex allergy include rubber work-
ers, children with spina bifida and other congenital
anomalies, and health care workers. The prevalence of
latex allergy in patients with spina bifida is from 24% to
60%21,48,49; among health care workers the prevalence of
latex allergy is reported to be between 5% and 15%.50-56

Several studies suggest that the most important factor
in latex sensitization is the degree of exposure. In well-
controlled studies 3 groups of investigators57-60 found that
the number of surgical procedures was the dominant fac-
tor in the development of latex allergy among children
with spina bifida. Conversely, there appeared to be no
increased risk of latex allergy associated with age or sex.
Among health care workers exposure to latex allergens is
the dominant factor in sensitization as well. Health care
workers at the beginning of their training have the same
likelihood of latex allergy as the general population.
Apprentices starting careers in animal health, pastry mak-
ing, dental hygiene or veterinary medicine, before any
significant exposure to latex allergens, had a 0.7% preva-
lence of skin reactivity to latex.61 In a cross-sectional
study of dental students in Ontario, Tarlo et al62 found no
evidence of latex allergy among 20 first- or second-year
students. However, among the third-year students the
prevalence was 6% (2/36); for fourth-year students it was
10% (4/36). In a small study of patients with spina bifida
less than 2 years old, latex avoidance decreased the sero-
conversion rate from 43% (3/7) to 0% (0/12).63 Among
1351 health care workers who took part in another study,
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12.1% had positive skin test with the Bencard skin test
reagent. When skin test reactivity rates were compared
with latex surgical glove use per worker, hospital depart-
ments with greater surgical glove consumption rates had
a higher prevalence of skin test reactivity.64 Thus it seems
that for these identified groups with frequent latex aller-
gen exposure, a predictable minority will develop latex
allergy unless latex avoidance is practiced. Exposure
appears to be the most significant factor associated with
risk of latex allergy. Other possible risk factors include
atopy and the presence of a ventriculoperitoneal shunt.65-68

Atopy was found to be a risk factor among health care

workers in some studies; however, atopy was not an inde-
pendent risk factor in a study of 59 children with spina
bifida.58 About 6% to 8% of these individuals will have
serious generalized reactions with latex exposure.69 The
risk factors leading to anaphylaxis are not known.

THRESHOLD ALLERGEN EXPOSURE LEVELS

Threshold allergen exposure levels are those levels that
can be expected to elicit allergic reactions in exposed
individuals. Any discussion of such levels with respect to
latex allergy must address several complicating factors.

FIG 1. The molecular masses of identified Hevea latex proteins. In most cases these values are calculated
from sequence information. The apparent molecular weights—based on the relative migrations of the pro-
teins through separation media—are often different.
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First, latex is a complex mixture of potent allergens.
Each of these allergens has different stability and
bioavailability characteristics and is likely to be present
in different levels in different environments, depending
on the source of exposure. An aggregate threshold level
may mask biologically significant specific allergen
thresholds. No thresholds for specific latex allergens
have been reported.

Second, unlike toxins, allergens elicit their adverse
effects in 2 stages. In the first stage the immunologi-
cally naive individual is sensitized to the allergen. This
is when the immune system develops the clonal
responses necessary for subsequent immune reactivity.
In the second stage repeated exposure to the allergen
elicits the effector response. The threshold levels for
these 2 stages are unlikely to be the same. Any discus-
sion of threshold allergen exposure levels must address
both the doses necessary to sensitize a naive individual
and the doses necessary to elicit a response in a sensi-
tized individual.

Third, the route of exposure may affect the minimum
exposure level necessary to sensitize and elicit reactions.
Sensitized individuals can react to latex allergens to
which they have been exposed by different routes. It is
likely that the sensitizing and eliciting doses of each
allergen will vary by the route of exposure as well.

Only a few investigations have estimated threshold lim-
its for IgE-mediated reactions to aeroallergens in the work-
place (Table II). In examining these data, for which the
denominator is the volume of filtered air, threshold allergen
levels vary by a factor of nearly 107, from 0.25 ng/m3 (fun-
gal α-amylase) to 1.7 mg/m3 (flour dust). This broad range
may be due, in part, to intrinsic differences in the immuno-
genicity of the inhaled allergens. However, most of the dif-
ferences are probably due to different measurement tech-
niques. Predictably, investigators who determined allergen
levels with immunoassays concluded that lower levels of
the allergen were necessary to induce symptoms than did
investigators who measured whole dust content.

The estimate of Baur et al70 of sensitizing levels for
latex allergens, measured by inhibition immunoassay,
was 0.6 ng/m3. This daunting figure is 100- to 1000-fold
less than levels routinely measured in rooms where latex
gloves are used,71,72 suggesting that only thorough
avoidance of aeroallergen exposure will prevent latex
allergy in the workplace.

How likely is it that individuals are sensitized by
aeroallergen exposure alone? Assuming a tidal volume of
500 mL, an ambient level of 1 ng/m3 would result in
exposure to only 18 ng in a normal 40-hour work week
(0.5 L/breath × 15 breaths/min × 60 min/h × 40 h × 10–3

m3/L × 1 ng/m3 = 18 ng). In contrast, latex gloves proba-
bly deposit far more allergen directly on the skin. In a sur-
vey of the allergen content of latex gloves, powdered
examination gloves contained on average the equivalent
of more than 600 µg of latex allergen per gram of glove.73

Even if only a small fraction of this were bioavailable, the
absorbed allergen dose would be significantly greater
than the aeroallergen level near the threshold. However, as
aeroallergen levels increase (up to 600 ng/m3 in one
study71), the relative contribution of the inhaled aeroaller-
gen can become significant.

Threshold limits do not provide information on the
incremental degree of sensitization that occurs with
increasing exposure or, conversely, the reduction in sen-
sitization and reaction rates associated with decreased
exposure. Dose-response studies such as these are diffi-
cult to design and perform.

WHAT ARE THE STRENGTHS AND

WEAKNESSES OF THE CURRENTLY

AVAILABLE DIAGNOSTIC TECHNIQUES?

Although the physician can often make the diagnosis
of latex allergy by taking a careful history of latex expo-
sure and associated symptoms, confirmatory testing is
often necessary. Patch tests74 and flow cytometry75 for
the diagnosis of latex allergy remain investigational. The

TABLE I. Hevea brasiliensis proteins

Name Trivial name/molecular mass Reference

Hev b 1 Rubber elongation factor/C: 14590, A: 14600 102, 103, 104, GB: X56535
Hev b 2 β-1,3 Glucanase/C: 41305, A: 34-36000 10, 116, GB: U22147
Hev b 3 Small rubber particle protein/C: 22300, A: 24-27000 9, 108, EMBL: AJ223388
Hev b 4 Microhelix component/A: 100-115000 10
Hev b 5 Acidic latex protein/C: 17455, A:24-36000 11, 106, GB:U42640, U51631
Hev b 6.01 Preprotein/C: 21859, A: 20000
Hev b 6.02 Mature hevein/C: 4719, A: 5000 95, 100, 110, GB: M36986/P02877
Hev b 6.03 C-domain: 14000
Hev b 7 Patatin-like proteins/C: 42995, A: 46,000 111, 112, 113, GB: U80598
Hevamines (A/B) C: 29550, A: 30000 101, SP: P23472
Prenyltransferase A: 38000 98, 118, PIR: A34310
Hev b 8 Latex profilin/A: 14000, C: 14194 25, 114, 119, GB: Y15042
Hev b 9 Latex enolase/A: 51000 115, 120
Hev b 10 Manganese superoxide dismutase/A: 26000, C: 22915 115, 122, GB: AJ249148

Accession numbers for computerized databases: GB, GenBank; SP, Swiss Protein; PIR, NBRF PIR; EMBL, European Molecular Biology Laboratory. C, calcu-
lated; A, apparent.
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identification of latex-specific IgE may be made by 2
methods: skin testing and serum testing.

Worldwide, skin testing is commonly used to diagnose
latex allergy. In Canada the Bencard skin test reagent was
used in several published studies but is no longer avail-
able from the manufacturer. Stallergenes (France) and
Lofarma (Italy) market commercially available ammoni-
ated latex extracts. The Mayo Clinic reported a 5-year
retrospective experience systemic reaction rate for latex
skin testing of 152 to 200/10,000 skin tests.76 In the Unit-
ed States a latex skin test reagent made from nonammo-
niated latex is currently under investigation.77 As a result,
US physicians predominantly use serologic tests to con-
firm the diagnosis of latex allergy.

One recent study compared 3 of the currently available
tests for latex-specific IgE: CAP RAST FEIA (Pharma-
cia UpJohn), microplate AlaSTAT (Diagnostics Prod-
ucts), and HY-TEC-EIA (HYTEC). Intra-assay agree-
ment was 96%. The AlaSTAT and CAP assays were
equivalent in sensitivity and specificity. Each produced
about 25% false-negative results. The HY-TEC produced
27% false-positive results.78

These 3 commercially available assays can be very
useful in confirming latex allergy. However, none of the
tests demonstrates complete diagnostic reliability; there-
fore caution should be exercised when patients have dis-
cordant latex IgE tests and histories. Patients with con-
vincing histories of allergic reactions and a negative CAP
or AlaSTAT test may be challenged with a confirmatory
test (Table IV). Careful consideration of a patient with a
negative history and positive HY-TEC result should also
be given.78 A negative challenge test in this case may
allow a worker to return to the workplace.

HOW DO BARRIER PROPERTIES OF

NONLATEX ALTERNATIVE GLOVES

COMPARE WITH THOSE OF LATEX GLOVES?

For years, avoidance has been the only effective option
for latex-allergic glove wearers. Health care workers and
patients alike have been concerned that nonlatex gloves
will compromise their health and safety. In static tests
vinyl and latex gloves are comparable when taken from
the manufacturer’s box. However, dynamic testing has
shown vinyl gloves to have significantly higher failure
rates when they are compared directly with latex gloves
under the same conditions. Double gloving offers little
advantage during routine procedures.

Numerous authors have evaluated latex, vinyl, nitrile,
and thermoplastic elastomer gloves for their ability to
withstand tearing or rupture and to prevent the passage of
fluid and microbial pathogens. Although stretch vinyl
exhibits lower failure rates than standard vinyl does, the
higher in-use leakage rates associated with vinyl gloves
suggest decreased durability and potentially compro-
mised barrier protection when this synthetic is used. The
handling characteristics of nitrile examination gloves
demonstrate that they could be an acceptable alternative
to latex examination gloves. In general, nitrile gloves
appear to be comparable to latex gloves in dynamic fail-
ure tests (Table V).

WHAT SPECIFIC AVOIDANCE MEASURES

HAVE BEEN SHOWN TO WORK?

To date, avoidance of latex-containing products has
been the only means to prevent serious allergic reactions.
Primary latex exposure prevention for the nonsensitized is
a more recent concept and involves minimizing or elimi-
nating latex contact for individuals of known risk groups
from the outset.63 Secondary latex prevention for the latex-
allergic subject involves screening to identify asympto-
matic79 individuals or known symptomatic patients.6

Avoidance measures may include discussion of the Medi-
Alert emblems and latex fruit allergy syndrome.80

For individuals with latex allergy, latex avoidance is a
balance between disease prevention, lifestyle choices,
and livelihood. A stepwise approach for latex-reactive
patients, based on the severity of disease, may help these
individuals achieve the balance that is best for them.
Some authors have written of a latex-safe environment,

TABLE II. Threshold aeroallergen levels

Allergen Concentration (work area) Reference

Fungal α-amylase 0.25 ng/m3 (bakery) 125
Latex 0.6 ng/m3 70, 127

(different hospital rooms)
Rat urinary 0.1-68 µg/m3 123

aeroallergen (laboratory)
Western red cedar 0.2-0.4 mg/m3 (sawmill) 126
Flour 1.7 mg/m3 (bakery) 124

Modified from Baur X, Chen Z, Liebers V. Exposure-exposure relationships
of occupational inhalative allergens. Clin Exp Allergy 1998;28:537-44.70

Used with permission.

TABLE III. Commercial latex skin test reagents

Latex skin Protein

test reagent concentration Reference

Bencard No longer available from manufacturer 45, 64
Stallergènes 22 µg/mL 91
ALK-Abelló 1, 10, and 100 HEP units 91
Lofarma 12.5 µg/mL 58, 128, 129

HEP, Histamine equivalent potency.

TABLE IV. Latex provocational and challenge studies

Test Reference

Modified glove provocational protocol 132
Two-stage latex provocation test 130
Glove use with laminar flow helmet and inhalation 131

chamber
Hooded exposure chamber 121

Modified from Kurtz KM, Hamilton RG, Adkinson NFJ. Role and applica-
tion of provocation in the diagnosis of occupational latex allergy. Ann Aller-
gy Asthma Immunol 1999;83:634-9. Used with permission.
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suggesting that complete latex avoidance is impossible
and, for the most part, unnecessary.81,82 Substantial
reductions in latex allergen exposure may be achieved by
eliminating powdered latex gloves in the patient’s imme-
diate environment; this is a sensible minimal step for all
individuals with latex allergy. Patients with immediate
reactions to latex that result in serious morbidity or life-
threatening anaphylaxis require the most stringent avoid-
ance measures, including the complete avoidance of
unnecessary exposure to latex-containing medical83 and
consumer devices. When exposure is unavoidable,
choosing products that have a reduced latex content84-86

may reduce the morbidity associated with exposure.

WHAT IS THE ROLE OF MEDICATION AND

IMMUNOTHERAPY IN THE TREATMENT OF

LATEX ALLERGY?

The role of premedication in the management of
patients who are allergic to latex who require surgery is
questionable. Case reports differ as to whether preopera-
tive treatment with antihistamines and glucocortico-
steroids prevents or modifies the severity of the allergic
reaction.87-89 No controlled studies have been performed.

Because avoidance can be difficult and premedication is
of doubtful value, immunotherapy would appear to be an
important option. Latex allergy is an IgE-mediated dis-
ease, and immunotherapy with well-characterized and
potent mixtures of relevant allergens should be curative.
Case reports of latex-specific immunotherapy have now
appeared in the literature. Toci et al90 reported oral latex
desensitization with noncompounded ammoniated latex in
3 health care workers who had severe clinical latex aller-
gy. Beginning at a 1:10,000 dilution of the lowest positive
skin test concentration of latex, doubling doses were
administered at 15-minute intervals until a final dose of

2 mg was reached. Thereafter, subjects received 1 mg of
latex orally 2 to 3 times daily. After desensitization, latex
skin test size diminished significantly in each of the 3
patients. All were able to return without undue symptoms
to their jobs, which involved heavy latex exposure.

Pereira et al91 treated an extremely reactive radiology
technician with ammoniated latex. Latex sensitization
was demonstrated by radioallergosorbent and positive
skin prick tests to 2 different latex skin test reagents.
Increasing weekly doses of latex vaccine (ALK-Abelló)
were given by subcutaneous injection, beginning with
0.003 µg. At the patient’s request the schedule was accel-
erated (by using a 1-µ/mL vaccine concentration) with
injections 3 hours apart. A systemic reaction occurred at a
dose of 0.5 µg. Ultimately, a weekly maintenance dose of
0.4 µg protein was achieved. The mean diameter of latex-
specific skin tests declined steadily during the course of
immunotherapy. Clinical symptoms improved steadily
and the individual returned to work in an environment
with significant latex exposure. Specific controlled provo-
cation tests with use of latex gloves conducted in an air-
tight environment confirmed her lack of symptoms for up
to 6 hours after exposure.

Alternative approaches to immunotherapy include
allergen-specific immunotherapy, epitope-specific im-
munotherapy, and DNA vaccine immunotherapy. The
availability of cloned and purified latex allergens (Table
I) raises the possibility of specific immunodiagnosis and
specific immunotherapy.7,9 The T-cell and B-cell epi-
topes of several latex allergens have been identified in
mice and humans.92-95 A DNA vaccine for Hev b 5 elicit-
ed a specific antibody response in BALB/c mice.96,97

At this time, premedication and allergen immunother-
apy remain investigational in the treatment of latex aller-
gy, and avoidance remains the mainstay of therapy and
prevention.

TABLE V. Barrier studies

Author Material Failure rate (%) Conditions Test

Newsom et al135 Vinyl 10 Surgery European Standard Test for Punctures
Latex

Rego et al136 Vinyl 12-61 Simulated use ASTM D5151
Latex 0-4
Nitrile 1-3

Korniewicz et al137 Vinyl 53 Full use FDA watertight leak test
Latex 3

Dodds et al138 Surgical 12.5 Hand surgery Bacterial contamination before and after
Korniewiscz et al139 Single/double latex 53/19.7 vinyl, Single/double after clinical Dye and water leaks

and vinyl 4.1/3.8 latex protocol to mimic stress
Hamann et al134 Latex and 80-100 (latex), 180 min exposure at 37°C Bacteriophage φX174 plaque assay

thermoplastic 30 (thermoplastic) with shaking
elastomer

Olsen et al140 Latex and vinyl 24 vinyl, 2 latex Patient care (1) Before and after quantitative hand 
culture with modified glove juice
method, (2) quantitative external glove
culture after patient contact, (3) ASTM
watertight test

ASTM, American Society for Testing and Materials; FDA, US Food and Drug Administration.



1060 Poley and Slater J ALLERGY CLIN IMMUNOL

JUNE 2000

REFERENCES

1. Nutter AF. Contact urticaria to rubber. Br J Dermatol 1979;101:597-8.
2. Levy DA, Charpin D, Pecquet C, Leynadier F, Vervloet D. Allergy to

latex. Allergy 1992;47:579-87.
3. Kelly KJ, Kurup VP, Reijula KE, Fink JN. The diagnosis of latex aller-

gy. J Allergy Clin Immunol 1994;93:813-6.
4. Slater JE. Latex allergens. In: Lockey RF, Bukantz SC, editors. Aller-

gens and allergen immunotherapy. New York: Marcel Dekker; 1999. p
255-71.

5. Sussman GL. Latex allergy: its importance in clinical practice. Allergy
Proc 1992;13:67-9.

6. Melton AL. Managing latex allergy in patients and health care workers.
Cleve Clin J Med 1997;64:76-82.

7. Baur X, Chen Z, Rozynek P, Duser M, Raulf-Heimsoth M. Cross-react-
ing IgE antibodies recognizing latex allergens, including Hev b 1, as
well as papain. Allergy 1995;50:604-9.

8. Yeang HY, Cheong KF, Sunderasan E, Hamzah S, Chew NP, Hamid S,
et al. The 14.6 kD (REF, Hev b 1) and 24 kD (Hev b 3) rubber particle
proteins are recognized by IgE from spina bifida patients with latex
allergy. J Allergy Clin Immunol 1996;98:628-39.

9. Wagner B, Krebitz M, Buck D, Niggemann B, Yeang HY, Han KH, et
al. Cloning, expression, and characterization of recombinant Hev b 3, a
Hevea brasiliensis protein associated with latex allergy in patients with
spina bifida. J Allergy Clin Immunol 1999;104:1084-92.

10. Sunderasan E, Hamzah S, Hamid S, Ward MA, Yeang HY, Cardosa MJ.
Latex B-serum b-1,3-glucanase (Hev b II) and a component of the micro-
helix (Hev b IV) are major latex allergens. J Nat Rubb Res 1995;10:82-
99.

11. Slater JE, Vedvick T, Arthur-Smith A, Trybul DE, Kekwick RGO. Iden-
tification, cloning and sequence of a major allergen (Hev b 5) from nat-
ural rubber latex (Hevea brasiliensis). J Biol Chem 1996;271:25394-9.

12. M’Raihi L, Charpin D, Pons A, Bongrand P, Vervloet D. Cross-reactiv-
ity between latex and banana. J Allergy Clin Immunol 1991;87:129-30.

13. Young MC, Osleeb C, Slater J. Latex and banana anaphylaxis [abstract].
J Allergy Clin Immunol 1992;89:226.

14. Ross BD, McCullough J, Ownby DR. Partial cross-reactivity between
latex and banana allergens. J Allergy Clin Immunol 1992;90:409-10.

15. Lavaud F, Cossart C, Reiter V, Bernard J, Deltour G, Holmquist I. Latex
allergy in patient with allergy to fruit [letter]. Lancet 1992;339:492-3.

16. Ceuppens JL, Van Durme P, Dooms-Goossens A. Latex allergy in
patient with allergy to fruit [letter]. Lancet 1992;339:493.

17. de Corres LF, Moneo I, Munoz D, Bernaola G, Fernandez E, Audicana
M, et al. Sensitization from chestnuts and bananas in patients with
urticaria and anaphylaxis from contact with latex. Ann Allergy
1993;70:35-9.

18. Rodriguez M, Vega F, Garcia MT, Panizo C, Laffond E, Montalvo A, et
al. Hypersensitivity to latex, chestnut, and banana. Ann Allergy
1993;70:31-4.

19. Makinen-Kiljunen S, Alenius H, Ahlroth M, Turjanmaa K, Palosuo T,
Reunala T. Immunoblot inhibition detects several common allergens in
rubber latex and banana [abstract]. J Allergy Clin Immunol
1993;91:242.

20. Llatser R, Zambrano C, Guillaumet B. Anaphylaxis to natural rubber
latex in a girl with food allergy. Pediatrics 1994;94:736-7.

21. Beezhold DH, Sussman GL, Liss GM, Chang NS. Latex allergy can
induce clinical reactions to specific foods. Clin Exp Allergy
1996;26:416-22.

22. Delbourg MF, Guilloux L, Moneret-Vautrin DA, Ville G. Hypersensitiv-
ity to banana in latex-allergic patients: identification of two major
banana allergens of 33 and 37 kD. Ann Allergy Asthma Immunol
1996;76:321-6.

23. Alenius H, Makinen-Kiljunen S, Ahlroth M, Turjanmaa K, Reunala T, Palo-
suo T. Crossreactivity between allergens in natural rubber latex and banana
studied by immunoblot inhibition. Clin Exp Allergy 1996;26:341-8.

24. Ahlroth M, Alenius H, Turjanmaa K, Makinen-Kiljunen S, Reunala T,
Palosuo T. Cross-reacting allergens in natural rubber latex and avocado.
J Allergy Clin Immunol 1995;96:167-73.

25. Vallier P, Balland S, Harf R, Valenta R, Deviller P. Identification of pro-
filin as an IgE-binding component in latex from Hevea brasiliensis:
clinical implications. Clin Exp Allergy 1995;25:332-9.

26. Wright HT, Brooks DM, Wright CS. Evolution of the multidomain pro-
tein wheat germ agglutinin. J Mol Evol 1985;21:133-8.

27. Sowka S, Hafner C, Radauer C, Focke M, Brehler R, Astwood JD, et al.
Molecular and immunologic characterization of new isoforms of the
Hevea brasiliensis latex allergen hev b 7: evidence of no cross-reactivi-
ty between hev b 7 isoforms and potato patatin and proteins from avo-
cado and banana. J Allergy Clin Immunol 1999;104:1302-10.

28. Yagami T, Sato M, Nakamura A, Shono M. One of the rubber latex
allergens is a lysozyme. J Allergy Clin Immunol 1995;96:677-86.

29. Baur X, Jager D. Airborne antigens from latex gloves [letter]. Lancet
1990;335:912.

30. Lagier F, Badier M, Charpin D, Martigny J, Vervloet D. Latex as aeroal-
lergen. Lancet 1990;336:516-7.

31. Jaeger D, Kleinhans D, Czuppon AB, Baur X. Latex-specific proteins
causing immediate-type cutaneous, nasal, bronchial, and systemic reac-
tions. J Allergy Clin Immunol 1992;89:759-68.

32. Swanson MC, Bubak ME, Hunt LW, Yunginger JW, Warner MA, Reed
CE. Quantification of occupational latex aeroallergens in a medical cen-
ter. J Allergy Clin Immunol 1994;94:445-51.

33. Tomazic VJ, Shampaine EL, Lamanna A, Withrow TJ, Adkinson NF,
Hamilton RG. Cornstarch powder on latex products is an allergen car-
rier. J Allergy Clin Immunol 1994;93:751-8.

34. Spanner D, Dolovich J, Tarlo S, Sussman G, Buttoo K. Hypersensitivi-
ty to natural latex. J Allergy Clin Immunol 1989;83:1135-7.

35. Beuers U, Baur X, Schraudolph M, Richter WO. Anaphylactic shock
after game of squash in atopic woman with latex allergy [letter]. Lancet
1990;335:1095.

36. Chen MD, Greenspoon JS, Long TL. Latex anaphylaxis in an obstetrics
and gynecology physician. Am J Obstet Gynecol 1992;166:968-9.

37. Ber DJ, Davidson AE, Klein DE, Settipane GA. Latex hypersensitivity:
two case reports. Allergy Proc 1992;13:71-3.

38. Leynadier F, Pecquet C, Dry J. Anaphylaxis to latex during surgery.
Anaesthesia 1989;44:547-50.

39. Turjanmaa K, Reunala T, Tuimala R, Karkkainen T. Allergy to latex
gloves: unusual complication during delivery. BMJ 1988;297:1029.

40. Taylor JS, Cassettari J, Wagner W, Helm T. Contact urticaria and ana-
phylaxis to latex. J Am Acad Dermatol 1989;21:874-7.

41. Sussman GL, Tarlo S, Dolovich J. The spectrum of IgE-mediated
responses to latex. JAMA 1991;265:2844-7.

42. Laurent J, Malet R, Smiejan JM, Madelenat P, Herman D. Latex hyper-
sensitivity after natural delivery. J Allergy Clin Immunol 1992;89:779-80.

43. Oei HD, Tjiook SB, Chang KC. Anaphylaxis due to latex allergy. Aller-
gy Proc 1992;13:121-2.

44. Turjanmaa K. Incidence of immediate allergy to latex gloves in hospi-
tal personnel. Contact Dermatitis 1987;17:270-5.

45. Liss GM, Sussman GL. Latex sensitization: occupational versus gener-
al population prevalence rates. Am J Ind Med 1999;35:196-200.

46. Tarlo SM, Sussman GL, Holness DL. Latex sensitivity in dental students
and staff: a cross-sectional study. J Allergy Clin Immunol 1997;99:396-401.

47. Turjanmaa K, Makinen-Kiljunen S, Reunala T, Alenius H, Palosuo T.
Natural rubber latex allergy: the European experience. Immunol Aller-
gy Clin North Am 2000;15:71-88.

48. Charous BL. The puzzle of latex allergy: some answers, still more ques-
tions. Ann Allergy 1994;73:277-81.

49. Yassin MS, Sanyurah S, Lierl MB, Fischer TJ, Oppenheimer S, Cross J,
et al. Evaluation of latex allergy in patients with meningomyelocele
[abstract]. J Allergy Clin Immunol 1992;89:224.

50. Lagier F, Vervloet D, Lhermet I, Poyen D, Charpin D. Prevalence of latex
allergy in operating room nurses. J Allergy Clin Immunol 1992;90:319-22.

51. Settipane GA. Latex allergy: another occupational risk for physicians.
Allergy Proc 1992;13:79-84.

52. Berky ZT, Luciano WJ, James WD. Latex glove allergy: a survey of the
US Army Dental Corps. JAMA 1992;268:2695-7.

53. Zaza S, Reeder JM, Yalew L, Jarvis WR. Reactions to latex-containing
products among oeprating room personnel: International latex confer-
ence: sensitivity to latex in medical devices [abstract] 1992;18.

54. Arellano R, Bradley J, Sussman G. Prevalence of latex sensitization
among hospital physicians occupationally exposed to latex gloves.
Anesthesiology 1992;77:905-8.

55. Hunt LW. The epidemiology of latex allergy in health care workers.
Arch Pathol Lab Med 1993;117:874-5.

56. Kaczmarek RG, Silverman BG, Gross TP, Hamilton RG, Kessler E,
Arrowsmith-Lowe JT, et al. Prevalence of latex-specific IgE antibodies
in hospital personnel. Ann Allergy Asthma Immunology 1996;76:51-6.



J ALLERGY CLIN IMMUNOL

VOLUME 105, NUMBER 6, PART 1

Poley and Slater 1061

57. De Swert LF, Van Laer KM, Verpoorten CM, Van Hoeyveld EM, Cadot
P, Stevens EA. Determination of independent risk factors and compara-
tive analysis of diagnostic methods for immediate type latex allergy in
spina bifida patients. Clin Exp Allergy 1997;27:1067-76.

58. Bernardini R, Novembre E, Lombardi E, Mezzetti P, Cianferoni A,
Danti DA, et al. Risk factors for latex allergy in patients with spina bifi-
da and latex sensitization. Clin Exp Allergy 1999;29:681-6.

59. Alenius H, Kurup V, Kelly K, Palosuo T, Turjanmaa K, Fink J. Latex
allergy: frequent occurrence of IgE antibodies to a cluster of 11 latex
proteins in patients with spina bifida and histories of anaphylaxis. J Lab
Clin Med 1994;123:712-20.

60. Kelly KJ, Pearson ML, Kurup VP, Havens PL, Byrd RS, Setlock MA,
et al. A cluster of anaphylactic reactions in children with spina bifida
during general anesthesia: epidemiologic features, risk factors, and
latex hypersensitivity. J Allergy Clin Immunol 1994;94:53-61.

61. Gautrin D, Infante-Rivard C, Dao TV, Magnan-Larose M, Desjardins D,
Malo JL. Specific IgE-dependent sensitization, atopy, and bronchial
hyperresponsiveness in apprentices starting exposure to protein-derived
agents. Am J Respir Crit Care Med 1997;155:1841-7.

62. Tarlo SM, Sussman GL, Holness DL. Latex sensitivity in dental students
and staff: a cross-sectional study. J Allergy Clin Immunol 1997;99:396-401.

63. Cremer R, Hoppe A, Kleine-Diepenbruck U, Blaker F. Longitudinal
study on latex sensitization in children with spina bifida. Pediatr Aller-
gy Immunol 1998;9:40-3.

64. Liss GM, Sussman GL, Deal K, Brown S, Cividino M, Siu S, et al.
Latex allergy: epidemiological study of 1351 hospital workers. Occup
Environ Med 1997;54:335-42.

65. Niggemann B, Bauer A, Jendroska K, Wahn U. Latex allergy as a cause
of eosinophilia in cerebrospinal fluid in a child with a ventricular shunt.
J Allergy Clin Immunol 1997;100:849-50.

66. Niggemann B, Buck D, Michael T, Wahn U. Latex provocation tests in
patients with spina bifida: who is at risk of becoming symptomatic? J
Allergy Clin Immunol 1998;102:665-70.

67. Bode CP, Fullers U, Roseler S, Wawer A, Bachert C, Wahn V. Risk fac-
tors for latex hypersensitivity in childhood. Pediatr Allergy Immunol
1996;7:157-63.

68. Nieto A, Estornell F, Mazon A, Reig C, Garcia-Ibarra F. Allergy to latex
in spina bifida: a multivariate study of associated factors in 100 consec-
utive patients. J Allergy Clin Immunol 1996;98:501-7.

69. Palczynski C, Walusiak J, Ruta U, Gorski P. Occupational allergy to
latex—life threatening reactions in health care workers: report of three
cases. Int J Occup Med Environ Health 1997;10:297-301.

70. Baur X, Chen Z, Liebers V. Exposure-response relationships of occupa-
tional inhalative allergens. Clin Exp Allergy 1998;28:537-44.

71. Liss GM, Sussman GL, Deal K, Brown S, Cividino M, Siu S, et al.
Latex allergy: epidemiological study of 1351 hospital workers. Occup
Environ Med 1997;54:335-42.

72. Allmers H, Brehler R, Chen Z, Raulf-Heimsoth M, Fels H, Baur X.
Reduction of latex aeroallergens and latex-specific IgE antibodies in
sensitized workers after removal of powdered natural rubber latex
gloves in a hospital. J Allergy Clin Immunol 1998;102:841-6.

73. Jones RT, Scheppmann DL, Heilman DK, Yunginger JW. Prospective
study of extractable latex allergen contents of disposable medical
gloves. Ann Allergy 1994;73:321-5.

74. Wakelin SH, Jenkins RE, Rycroft RJ, McFadden JP, White IR. Patch
testing with natural rubber latex. Contact.Dermatitis. 1999;40:89-93.

75. Kwittken PL, Pawlowski NA, Douglas SD, Campbell DE. Measure-
ment of human IgE to natural latex proteins: comparison of flow cytom-
etry and enzyme-linked immunosorbent assays [abstract]. J Allergy
Clin Immunol 1992;89:225.

76. Valyasevi MA, Maddox DE, Li JT. Systemic reactions to allergy skin
tests. Ann Allergy Asthma Immunol 1999;83:132-6.

77. Hamilton RG, Adkinson NF Jr. Natural rubber latex skin testing
reagents: safety and diagnostic accuracy of non-ammoniated, ammoni-
ated and latex glove extracts. J Allergy Clin Immunol 1996;98:872-83.

78. Hamilton RG, Biagini RE, Krieg EF. Diagnostic performance of Food
and Drug Administration–cleared serologic assays for natural rubber
latex-specific IgE antibody: the Multi-Center Latex Skin Testing Study
Task Force. J Allergy Clin Immunol 1999;103:925-30.

79. Sussman GL, Liss GM, Deal K, Brown S, Cividino M, Siu S, et al. Inci-
dence of latex sensitization among latex glove users. J Allergy Clin
Immunol 1998;101:171-8.

80. Diez-Gomez ML, Quirce S, Cuevas M, Sanchez-Fernandez C, Baz G,
Moradiellos FJ, et al. Fruit-pollen-latex cross-reactivity: implication of
profilin (Bet v 2). Allergy 1999;54:951-61.

81. Holzman RS. Latex allergy: an emerging operating room problem.
Anesth Analg 1993;76:635-41.

82. Jezierski M. Creating a latex-safe environment: Riddle Memorial Hospi-
tal’s response to protect patients and employees. J Emerg Nurs
1997;23:191-8.

83. Bernstein ML. Latex-safe emergency cart products list. J Emerg Nurs
1998;24:58-61.

84. Yunginger JW, Jones RT, Fransway AF, Kelso JM, Warner MA, Hunt LW.
Extractable latex allergens and proteins in disposable medical gloves and
other rubber products. J Allergy Clin Immunol 1994;93:836-42.

85. Heilman DK, Jones RT, Swanson MC, Yunginger JW. A prospective,
controlled study showing that rubber gloves are the major contributor to
latex aeroallergen levels in the operating room. J Allergy Clin Immunol
1996;98:325-30.

86. Lundberg M, Wrangsjo K, Eriksson-Widblom K, Johansson SG.
Reduction of latex-allergen content in Swedish medical catheter bal-
loons—a survey of 3 years’ production. Allergy 1997;52:1057-62.

87. Sockin SM, Young MC. Preoperative prophylaxis of latex anaphylaxis
[abstract]. J Allergy Clin Immunol 1991;87:269.

88. Kwittken PL, Becker J, Oyefara B, Danziger R, Pawlowski NA, Swein-
berg S. Latex hypersensitivity reactions despite prophylaxis. Allergy
Proc 1992;13:123-7.

89. Setlock MA, Cotter TP, Rosner D. Latex allergy: failure of prophylaxis
to prevent severe reaction. Anesth Analg 1993;76:650-2.

90. Toci G, Shah S, Al-Faqih A, Beezhold D, McGeady SJ. Oral latex
desensitization of healthcare workers [abstract]. J Allergy Clin
Immunol 1998;101(Suppl):S161.

91. Pereira C, Rico P, Lourenco M, Lombardero M, Pinto-Mendes J,
Chieira C. Specific immunotherapy for occupational latex allergy.
Allergy 1999;54:291-3.

92. Raulf-Heimsoth M, Chen Z, Rihs HP, Kalbacher H, Liebers V, Baur X.
Analysis of T-cell reactive regions and HLA-DR4 binding motifs on the
latex allergen Hev b 1 (rubber elongation factor). Clin Exp Allergy
1998;28:339-48.

93. Scheiner O, Wagner B, Wagner S, Krebitz M, Crameri R, Niggemann
B, et al. Cloning and molecular characterization of Hev b 3, a spina-bifi-
da–associated allergen from Hevea brasiliensis latex. Int Arch Allergy
Immunol 1999;118:311-2.

94. Slater JE, Paupore EJ, O’Hehir RE. Murine B-cell and T-cell epitopes
of the allergen Hev b 5 from natural rubber latex. Mol Immunol 1999;
36:135-43.

95. Beezhold DH, Kostyal DA, Sussman GL. IgE epitope analysis of the
hevein preprotein: a major latex allergen. Clin Exp Immunol
1997;108:114-21.

96. Slater JE, Colberg-Poley AM. A DNA vaccine for allergen immunother-
apy using the latex allergen Hev b 5. Arb Paul Ehrlich Inst Bundesamt
Sera Impfstoffe Frankf A M 1997;91:230-5.

97. Slater JE, Paupore E, Zhang YT, Colberg-Poley AM. The latex allergen
Hev b 5 transcript is widely distributed after subcutaneous injection in
BALB/c mice of its DNA vaccine. J Allergy Clin Immunol
1998;102:469-75.

98. Light DR, Dennis MS. Purification of a prenyltransferase that elongates
cis-polyisoprene rubber from the latex of Hevea brasiliensis. J Biol
Chem 1989;264:18589-97.

99. Dennis MS, Henzel WJ, Bell J, Kohr W, Light DR. Amino acid
sequence of rubber elongation factor protein associated with rubber par-
ticles of Hevea latex. J Biol Chem 1989;264:18618-26.

100. Lee H, Broekaert WF, Raikhel NV. Co- and post-translational process-
ing of the hevein preproprotein of latex of the rubber tree (Hevea
brasiliensis). J Biol Chem 1991;266:15944-8.

101. Jekel P, Hartmann B, Beintema JJ. The primary structure of hevamine,
an enzyme with lysozyme/chitinase activity from Hevea brasiliensis
latex. Eur J Biochem 1991;200:123-30.

102. Czuppon AB, Chen Z, Rennert S, Engelke T, Meyer H, Heber M, Baur
X. The rubber elongation factor of rubber trees (Hevea brasiliensis) is
the major allergen in latex. J Allergy Clin Immunol 1993;92:690-7.

103. Goyvaerts E, Dennis M, Light D, Chua N. Cloning and sequencing of
the cDNA encoding the rubber elongation factor of Hevea brasiliensis.
Plant Physiol 1991;97:317-21.



1062 Poley and Slater J ALLERGY CLIN IMMUNOL

JUNE 2000

104. Attanyaka DP, Kekwick RG, Franklin FC. Molecular cloning and
nucleotide sequencing of the rubber elongation factor from Hevea
brasiliensis. Plant Mol Biol 1991;16:1079-81.

105. Alenius H, Kalkkinen N, Lukka M, Turjanmaa K, Reunala T, Makinen-
Kiljunen S, et al. Purification and partial amino acid sequencing of a 27-
kD natural rubber allergen recognized by latex-allergic children with
spina bifida. Int Arch Allergy Immunol 1995;106:258-62.

106. Akasawa A, Hsieh LS, Martin BM, Liu T, Lin Y. A novel acidic aller-
gen, Hev b 5, in latex: purification, cloning and characterization. J Biol
Chem 1996;271:25389-93.

107. Alenius H, Kalkkinen N, Lukka M, Reunala T, Turjanmaa K, Makinen-
Kiljunen S, et al. Prohevein from the rubber tree (Hevea brasiliensis) is
a major latex allergen. Clin Exp Allergy 1995;25:659-65.

108. Yeang HY, Ward MA, Zamri AS, Dennis MS, Light DR. Amino acid
sequence similarity of Hev b 3 to two previously reported 27- and 23-
kDa latex proteins allergenic to spina bifida patients. Allergy
1998;53:513-9.

109. Oh SK, Kang H, Shin DH, Yang J, Chow KS, Yeang HY, et al. Isolation,
characterization, and functional analysis of a novel cDNA clone encod-
ing a small rubber particle protein from Hevea brasiliensis. J Biol Chem
1999;274:17132-8.

110. Chen Z, Posch A, Lohaus C, Raulf-Heimsoth M, Meyer HE, Baur X.
Isolation and identification of hevein as a major IgE-binding polypep-
tide in Hevea latex. J Allergy Clin Immunol 1997;99:402-9.

111. Beezhold DH, Sussman GL, Kostyal DA, Chang NS. Identification of a
46-kD latex protein allergen in health care workers. Clin Exp Immunol
1994;98:408-13.

112. Kostyal DA, Hickey VL, Noti JD, Sussman GL, Beezhold DH. Cloning
and characterization of a latex allergen (Hev b 7): homology to patatin,
a plant PLA2. Clin Exp Immunol 1998;112:355-62.

113. Sowka S, Wagner S, Krebitz M, Arija MA, Yusof F, Kinaciyan T, et al.
cDNA cloning of the 43-kDa latex allergen Hev b 7 with sequence sim-
ilarity to patatins and its expression in the yeast Pichia pastoris. Eur J
Biochem 1998;255:213-9.

114. Nieto A, Mazon A, Estornell F, Boquete M, Carballda F, Martinez A, et
al. Profilin, a relevant allergen in latex allergy [abstract]. J Allergy Clin
Immunol 1998;101(Suppl):S207.

115. Posch A, Chen Z, Wheeler C, Dunn MJ, Raulf-Heimsoth M, Baur X.
Characterization and identification of latex allergens by two-dimen-
sional electrophoresis and protein microsequencing. J Allergy Clin
Immunol 1997;99:385-95.

116. Chye ML, Cheung KY. Beta-1,3-glucanase is highly-expressed in lati-
cifers of Hevea brasiliensis. Plant Mol Biol 1995;29:397-402.

117. Yagami T, Sato M, Nakamura A, Komiyama T, Kitagawa K, Akasawa
A, et al. Plant defense-related enzymes as latex antigens. J Allergy Clin
Immunol 1998;101:379-85.

118. Cornish K. The separate roles of plant cis and trans prenyl transferases
in cis-1,4-polyisoprene biosynthesis. Eur J Biochem 1993;218:267-71.

119. Fuchs T, Spitzauer S, Vente C, Hevler J, Kapiotis S, Rumpold H, et al.
Natural latex, grass pollen, and weed pollen share IgE epitopes. J Aller-
gy Clin Immunol 1997;100:356-64.

120. Posch A, Chen Z, Dunn MJ, Wheeler CH, Petersen A, Leubner-Metzger
G, et al. Latex allergen database. Electrophoresis 1997;18:2803-10.

121. Kurtz KM, Schaefer JA, Hamilton RG, Adkinson NF. Conjunctival,
nasal, and bronciale provoation of latex allergic subjects employing the
hooded exposure chamber (HEC) [abstract]. J Allergy Clin Immunol
1998;101:824A.

122. Kurup VP, Alenius H, Kelly KJ, Castillo L, Fink JN. A two-dimension-
al electrophoretic analysis of latex peptides reacting with IgE and IgG

antibodies from patients with latex allergy. Int Arch Allergy Immunol
1996;109:58-67.

123. Cullinan P, Lowson D, Nieuwenhuijsen MD, Gordon S, Tee RD, Ven-
ables KM, et al. Work related symptoms, sensitisation and estimated
exposure in workers not previously exposed to laboratory rats. Occup
Environ Med 1994;51:589-92.

124. Musk AW, Venables KM, Crook B, Nunn AJ, Hawkins R, Crook GD, et
al. Respiratory symptoms, lung function, and sensitisation to flour in a
British bakery. Br J Ind Med 1989;46:636-42.

125. Houba R, Heederik DJ, Doekes G, van Run PE. Exposure-sensitization
relationship for alpha-amylase allergens in the baking industry. Am J
Respir Crit Care Med 1996;154:130-6.

126. Noertjojo HK, Dimich-Ward H, Peelen S, Dittrick M, Kennedy SM,
Chan-Yeung M. Western red cedar dust exposure and lung function: a
dose-response relationship. Am J Respir Crit Care Med 1996;154:968-73.

127. Baur X, Chen Z, Allmers H. Can a threshold limit value for natural rub-
ber latex airborne allergens be defined? J Allergy Clin Immunol
1998;101:24-7.

128. Novembre E, Bernardini R, Brizzi I, Bertini G, Mugnaini L, Azzari C,
et al. The prevalence of latex allergy in children seen in a university hos-
pital allergy clinic [see comments]. Allergy 1997;52:101-5.

129. Bernardini R, Novembre E, Ingargiola A, Veltroni M, Mugnaini L,
Cianferoni A, et al. Prevalence and risk factors of latex sensitization in
an unselected pediatric population. J Allergy Clin Immunol
1998;101:621-5.

130. Hamilton RG, Adkinson NF Jr, Multi-Center Latex Skin Testing
Study Task Force. Diagnosis of natural rubber latex allergy: multicen-
ter latex skin testing efficacy study. J Allergy Clin Immunol 1998;
102:482-90.

131. Laoprasert N, Swanson MC, Jones RT, Schroeder DR, Yunginger JW.
Inhalation challenge testing of latex-sensitive health care workers and
the effectiveness of laminar flow HEPA-filtered helmets in reducing
rhinoconjunctival and asthmatic reactions. J Allergy Clin Immunol
1998;102:998-1004.

132. Hamilton RG, Adkinson NF Jr. Validation of the latex glove provoca-
tion procedure in latex-allergic subjects. Ann Allergy Asthma Immunol
1997;79:266-72.

133. Kurtz KM, Hamilton RG, Adkinson NF Jr. Role and application of
provocation in the diagnosis of occupational latex allergy. Ann Allergy
Asthma Immunol 1999;83:634-9.

134. Hamann CP, Nelson JR. Permeability of latex and thermoplastic elas-
tomer gloves to the bacteriophage phiX174. Am J Infect Control
1993;21:289-96.

135. Newsom SW, Smith MO, Shaw P. A randomised trial of the durability
of non-allergenic latex-free surgical gloves versus latex gloves. Ann R
Coll Surg Engl 1998;80:288-92.

136. Rego A, Roley L. In-use barrier integrity of gloves: latex and nitrile
superior to vinyl. Am J Infect Control 1999;27:405-10.

137. Korniewicz DM, Kirwin M, Cresci K, Larson E. Leakage of latex and
vinyl exam gloves in high and low risk clinical settings. Am Ind Hyg
Assoc J 1993;54:22-6.

138. Dodds RD, Guy PJ, Peacock AM, Duffy SR, Barker SG, Thomas MH.
Surgical glove perforation. Br J Surg 1988;75:966-8.

139. Korniewicz DM, Kirwin M, Cresci K, Sing T, Choo TE, Wool M, et al.
Barrier protection with examination gloves: double versus single. Am J
Infect Control 1994;22:12-5.

140. Olsen RJ, Lynch P, Coyle MB, Cummings J, Bokete T, Stamm WE.
Examination gloves as barriers to hand contamination in clinical prac-
tice. JAMA 1993;270:350-3.


