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INTRODUCTION 

Natural rubber latex (NRL) allergy was clearly identified in 1979 in Europe (I) and 
in 1989 in North America (2,3), although adverse reactions to natural rubber mate­
rials had occasionally been described earlier (4). Over the past 15 years, NRL has 
been increasingly acknowledged as a major cause of IgE-mediated allergy in occu­
pational and nonoccupational environments (5,6). NRL materials can cause a wide 
spectrum of immediate hypersensitivity reactions, ranging from mild urticaria to 
extensive angioedema and life-threatening anaphylaxis after cutaneous, mucosa), 
or visceral exposure. In addition, it has been shown that NRL proteins can bind 
onto glove powder and can then act as airborne allergens causing rhinitis and 
asthma (7). 

NATURAL RUBBER LATEX 

Composition 

In the chemical industry, the term latex applies to any emulsion of polymers, includ­
ing synthetic rubbers and plastics. NRL refers specifically to products derived from 
the milky fluid, or latex, produced by the laticifers of the tropical rubber tree Hevea 
braziliensis (botanical family of Euphorbiaceae). Laticifers are specialized structures 
that consist of anastamosed latex-producing cells. Upon wounding, the cytoplasmic 
content of these cells is expelled and coagulates in order to seal and protect the 
wounded sites. 

Using high-speed centrifugation, NRL can be separated into three compo­
nents: the "rubber cream" containing the rubber particles, the latex serum (C-serum), 
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and the "bottom fraction" which consists mainly of vacuolar structures called 
lutoids. Rubber particles are spherical droplets containing polymers of cis-l,4 poly­
isoprene coated with a layer of hydrophilic colloid (proteins, lipids, and phospholi­
pids). Lutoids are vacuoles with an acidic content that are involved in the 
coagulation of latex through the release of proteins interacting with rubber particles. 
Fresh NRL consists of about 30% to 40% rubber hydrocarbon and 2% to 3% protein. 
A number of NRL proteins have been purified and sequenced. Prenyltransferase 
(38 kDa) is found in the cytosol as well as in association with rubber particles. Rub­
ber elongation factor (14.6 kDa) is bound to the surface of rubber particles. These 
two enzymes are thought to play a role in the elongation of polyisoprene chains 
(8). The lutoid bodies contain defense-related proteins. Hevein ( 4. 7 kDa), a major 
protein of the lutoid bodies, is synthesized as a preproprotein (or prohevein, 
20 kDa) that is post-translationally processed into an amino-terminal fragment, 
hevein, and a carboxyl-terminal domain (14 kDa). Hevein is a lectin-like protein that 
may be involved in the coagulation of latex by bridging rubber particles (9). Hevein 
inhibits the growth of chitin-containing fungi through chitin-binding properties (10). 
Hevein shows structural homology to wheat germ agglutinin and other chitin-binding 
proteins, while the carboxyl-terminal domain demonstrates homology to wound­
inducible proteins in various plants, such as WIN I and WIN. 2 (11). Hevamine 
(29 kDa), an enzyme with lysozyme and chitinase properties, has been isolated from 
the lutoids (12). The lutoid bodies contain glycoproteins that can form complex 
microfibrils and microhelices. 

Processing 

Ammonia is added to the fresh latex obtained during tapping of the rubber tree to 
prevent premature coagulation and bacterial growth. The resulting emulsion is 
concentrated to obtain a 60% rubber content by centrifuging. Further processing 
of concentrated NRL varies considerably according to the desired properties of 
the finished product, but usually includes the following three steps: compounding, 
coagulation, and vulcanization. Compounding involves the addition of a variety 
of chemicals including sulfur compounds, antioxidants (e.g., paraphenylenediamine), 
accelerators (e.g., zinc oxide, thiurams, dithiocarbamates, mercaptobenzothiazole, 
etc.), fillers, pigments, emulsifiers, and other ingredients. Some of these compound­
ing agents, particularly the accelerators, can cause delayed type-IV hypersensitivity 
(13). The concentrated liquid NRL is converted to a solid form during the coagula­
tion, or curing, process by dehydration and/or addition of acids, metal ions, or 
surface-active agents. Vulcanization consists of a heat-catalyzed cross-linking of 
the cis-1,4 polyisoprene chains by sulfur bridges; this process imparts the character­
istic property of rubber elasticity. NRL articles are produced either by dipping or by 
extrusion/compression molding. Typically, gloves are manufactured by dipping 
porcelain formers, pretreated with a coagulant (e.g., calcium nitrate) and a releasing 
agent (cornstarch powder), into the compounded liquid NRL. The gloves are then 
passed through ovens to complete coagulation of NRL and through water baths 
to extract water-soluble proteins and processing chemicals. Finally they undergo vul­
canization and addition of donning powder. For powder-free gloves, the residual 
releasing agent can be subsequently removed from the gloves through a chlorination 
wash process. 
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PATHOGENESIS 

There is convincing evidence from both in vitro and in vivo experiments that 
immediate hypersensitivity reactions caused by NRL materials are mediated through 
specific IgE antibodies directed against NRL proteins that persist in manufactured 
products (5,6). Exposure to the NRL proteins occurs by direct contact with the latex 
product and by inhalation of NRL-contaminated powder aerosolized from pow­
dered gloves. Significant amounts of rapidly elutable endotoxin can contaminate 
NRL gloves and are also present in glove-generated aerosols (14). Animal models 
have shown mixed results regarding the role of glove-associated endotoxin. In pre­
sence of high dose endotoxin (250,000 EU), the production of Hev b 5 specific IgE 
was augmented (15). Coexposure to nonammoniated latex (NAL) and low levels 
of endotoxin (up to 25,000 EU) decreased NRL-specific lgE but enhanced nonspeci­
fic airway hyperreactivity (16). Given the nature of these findings, further research to 
investigate the effects of endotoxins on lgE responses to NRL is necessary. 

NRL Allergens 

Immunoblotting studies conducted by numerous investigators have identified lgE­
binding proteins with molecular weights ranging from 2 to 200 kDa in raw NRL 
and eluates from NRL-manufactured products ( 17-27). Antigens with molecular 
weights of 14, 20, 24, 27, 30, 36, and 46kDa have been consistently identified. Varia­
tions in specific antigen reactivity may be due to differences in source materials, 
including fresh latex or NAL, ammoniated latex, and finished products. Ammonia 
treatment and other manufacturing procedures can cause aggregation and/or preci­
pitation of NRL peptides (27-30). Antigenic variability may also result from the 
methods used for extracting and identifying antigens from NRL products as these 
methods can lead to conformational alteration and degradation of NRL proteins 
(30-32). Furthermore. significant differences can be detected in the pattern of lgE 
reactivity between subjects with NRL allergy (24,26,27,32,33), possibly as a result 
of differences in the patients' mode of sensitization. Although most studies have 
failed to demonstrate a correlation between the pattern of lgE reactivity to NRL 
proteins and clinical manifestations of NRL allergy, some investigations suggest that 
spina bifida is often associated with the development of IgE antibodies against 
24-kDa and 27-kDa proteins (29,34). 

Substantial progress has been made in the purification and molecular charac­
terization of NRL allergens. To date, 13 allergens have been officially named by 
the International Union of Immunological Societies Allergen Nomenclature Com­
mittee (35), and several of these exist in multiple isotypes (Table 1) (26,29,30,36-47). 
Using a proteomic approach, 47 lgE binding proteins were analyzed, resulting in the 
identification of several known allergen (Hev b 6, 7, 9, and 11) and five new allergen 
candidates (UDP-glucose pyrophosphorylase, isoflavone reductase, rotamase, thior­
edoxin, and citrate binding protein) (48). Except for Hev b 4, the named NRL aller­
gens have been cloned and produced by recombinant technologies. The recombinant 
proteins have been characterized, and for several of the allergens, the T and B cell 
epitopes have been identified (49-52). Detailed information regarding these allergens 
can be found in recent reviews (53-55). The use of recombinant or highly purified 
natural proteins in both laboratory and clinical studies has lead to information on 
the relative importance of the various individual allergens. By skin-prick testing 
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Table 1 Natural Rubber Latex (NRL) Allergens 

Potential 
Molecular Plant cross-

weight allergen reacting Accession 
Allergen Common name (kDa) family allergens no. References 

Hev b I Rubber 58/ 14.6 Papain, fig A Yl20685 29,30,36 
elongation 
factor 

Hev b 2 ~ 1-3-glucane 34/36 PR-2 AF311749 37,38 
Hev b 3 Small rubber 24 082803 29 

particle 
protein 

Hev b 4 Cyanogenic 100-115 BI729486 38 
glucosamide 

Hev b 5 Acidic protein 16 Kiwi U42640 30,39 
Hev b 6.01 Hevein 20 M36986 II 

preprotein 
Hev b 6.02 Hevein 5 PR-3 Banana, P02877 37 

avocado 
Kiwi 

Hev b 6.03 C-terminal 14 PR-4 Potato ?02877 26,37,40 
domain 

Hev b 7.01 Patatin homolog 42 U80598 41 
(B-serum) 

Hev b 7.02 Patatin homolog 44 Potato AJ223038 26 
(C-serum) 

Hev b 8 Profilin 14 Profilin Pollen. AJ243325 42 
celery 

Hev b 9 Enolase 51 Molds AJl32580 43 
Hev b 10 Mn-superoxide 26 Molds LI 1707 44 

dismutase 
Hev b II Class I chitinase 33 PR-3 Banana. AJ238579 45 

~ 

avocado 
Hev b 12 Lipid transfer 9.4 PR-14 Stone fruits. AY057860 46 

protein peach 
Hev b 13 Early nodule- 42 Patatin ?83269 47 

specific 
protein 

Note: Allergens are named according to the International Union of Immunological Societies nomenclature. 
Representative accession nwnbers are given. Additional information can be obtained at www.allergen.org. 
Abbre1•iacio11: PR. pathogenesis-related proteins. 

the NR-allergic health care workers with recombinant Hev b 2, 3. 5. 6, 7. and 8, it was 
found that Hev b 5 (62%), Hev b 6 (66%), and Hev b 7 (41%) were the most common 
allergens for health care workers (56). More recently. health care workers were skin 
tested with purified native NRL proteins Hev b l, 2. 3, 4. 6. 7, and 13 and with recom­
binant Hev b 5 (57). In this study, Hev b 2 (63%). 5 (65%). 6 (63%), 7 (45%), and 13 
(63%) were found to be the most reactive. Interestingly, reactivity of native Hev b 2 
(63%) and rHev b 2 (7%) differed significantly between these studies suggesting that 
the glycosylation on the native protein (compared to the nonglycosylated recombinant 



Latex Allergy 441 

form) may play an important role in reactivity to individual Hev b allergens. The 
contribution of glycosylation to the reactivity /potency of specific NRL allergens 
has not been well studied. 

Assessment of Exposure to NRL Allergens 

NRL is widely used in the manufacturing of medical devices (gloves, catheters, 
drainage tubes, anesthetic masks, tourniquets, dental dams, etc.) as well as in the 
production of a variety of everyday articles, including household gloves, toys, bal­
loons, condoms, baby pacifiers, sports equipment, elastic straps, mattresses, tires, 
and adhesives. Various in vitro methods have been used to estimate the allergenic 
content of NRL materials, including total protein measurements and ELISA and 
RAST inhibition methods. Total protein assays are easy to perform, but they lack 
sensitivity and specificity. The results of these assays are strongly influenced by the 
presence of various chemicals in NRL products that can interfere with these tests 
(58). Unless precipitation techniques are used to remove interfering substances 
(59), the results of these tests are unreliable. A modified Lowry test was standardized 
by the American Society for Testing and Materials (ASTM, D5712) with a protein 
precipitation step using trichloroacetic acid and phosphotungstic acid to eliminate 
the interfering substances. This method results in a reasonable estimate of the total 
protein in the NRL product. ASTM standards recommend that all examination and 
surgical gloves should contain less than 200 µg/dm 2 of total protein when assessed 
by this standard test (60). 

Many studies have found a marked discordance between the total amount of 
protein eluting from NRL devices and their allergenic potential, as assessed by 
skin-prick testing (61-64). For some studies this was due to the failure in removing 
interfering chemicals, but the lack of correlation may also be due to the nonaller­
genic nature of some proteins found in NRL products. Immunochemical assays pro­
vide a more sensitive and biologically relevant method for determining allergen levels 
in NRL products (58). ELISA and RAST inhibition methods have been used to esti­
mate the antigen content in NRL products (58,63,65). These methods have shown 
considerable variations in the allergen content between different brands of gloves · 
and even between different batches of the same brand of gloves (58,63,65). The 
ASTM has developed a standardized method for quantifying the allergenic potential 
of latex materials using an inhibition ELISA (ASTM D6499 assay). This test uses a 
well-characterized rabbit-antilatex reference antisera and an ammoniated NRL pro­
tein reference standard, prepared as industry reference materials, to measure antigen 
levels. The ASTM recommends the presence of less than IO µg/ dm2 of antigenic pro­
tein on examination and surgical gloves when assessed by this standard method. lgE 
inhibition assays (RAST inhibition) commonly used by individual laboratories are 
affected by the source of specific lgE and the quality of allergen reference standard. 
Current work at the ASTM is focused on standardizing monoclonal antibody assays 
that measure specific allergens. A commercial kit using monoclonal antibodies is 
available to measure Hev b I, 2, 5, and 6 as individual ELISA determinations and 
then combine the results as an indicator of allergenicity. A recent report suggests that 
measuring only Hev b 5 and Hev b 13 produces a reliable estimate of the allergenic 
potential (66). While additional work is necessary to standardize an allergen assay, 
in vivo and in vitro methods have shown that the total protein and allergen content 
of NRL gloves can be significantly reduced by washing the gloves during the 
manufacturing process (62,67). 
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Exposure to NRL allergens can occur from direct contact of NRL materials 
with the skin, and mucosa! and serosal membranes. It has also been demonstrated 
that NRL protein allergens can bind to powder particles on gloves (or on any pow­
dered rubber product, such as toy balloons) and can become potent airborne allergens 
(20,60,68-70). Using an inhibition assay, Swanson et al. (71) quantified airborne 
NRL allergens collected using personal and area samplers at various work sites in 
a hospital. The amount of airborne NRL allergens correlated with the frequency of 
glove use, although considerable variation was found among subjects with the same 
type of job. Substantial amounts of allergens were recovered from coats and surgical 
scrub suits, suggesting that resuspension from clothing and settled dust may lead to 
secondary or even remote inhalation exposure. Twenty percent of airborne powder 
particles were in a respirable size and therefore capable of causing asthma. In a pro­
spective study, NRL aeroallergen levels were strongly correlated with the use of pow­
dered NRL gloves in the operating room and were similar to that found in 
nonsurgical days when low-allergen gloves were used (72); Another study found that 
powdered surgical gloves generated lower levels of airborne allergens than did exam­
ination gloves, and the allergen was primarily associated with larger particles of size 
more than 10 µm (73). In contrast, powdered examination gloves produced a higher 
proportion of allergenparticles in the respirable range (73). 

EPIDEMIOLOGY 

Incidence and Prevalence 

The incidence of NRL allergy has changed significantly in many occupational set­
tings since the previous edition of this book in 1999. From 1989 to 1999 a number 
of studies had documented a high incidence of NRL allergy in individuals with 
occupational exposure to NRL. Most affected were glove wearers and manu­
facturers (74-81), and patients undergoing multiple surgical procedures (82), parti­
cularly in early infancy, such as children with spina bifida and urogenital 
abnormalities (83-87). Epidemiological studies documented NRL allergy in about 
10% of workers manufacturing medical gloves (74) and NRL toys (88). Prevalence 
figures for NRL allergy had ranged from 2.8% to 17% among health-care workers, 
including physicians, nurses, laboratory technicians, hospital housekeepers, and den­
tal-care providers (75-80). The highest prevalence rates, ranging from 29% to 65%, 
were found in children with spina bifida (83-87). In addition, NRL allergy due to 
gloves was increasingly described in workers in nonmedical environments, including 
those exposed to chemicals (89), hairdressers (90), and greenhouse workers (81 ). Few 
reports have assessed the incidence of NRL allergy. In dental hygiene apprentices 
reported by Gautrin et al. (91), 110 students were followed after entering the 
program between 1993 and 1995. On follow-up up to 32 months after entry, seven 
developed skin sensitization to NRL (6%), while the cumulative incidence of prob­
able occupational rhinoconjunctivitis was 1.8% and probable occupational asthma 
was 4.5%. 

The increasing incidence and prevalence of NRL allergy during that I 0-year 
period were attributed in part to the advent of Standard Precautions in the last half 
of the 1980s, which resulted in inc·reased use of NRL devices as a protective barrier 
against viral infections. The increased demand for, and production of, NRL gloves 
may also have played a role, with the potential for saturation of NRL proteins in the 
leeching fluid during production and other changes in manufacturing processes (92). 
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The increased need for tapping of rubber trees and, in some cases, the treatment of 
Hevea trees with phytohormones to stimulate the production of latex could h.ave 
enhanced the biosynthesis of some proteins by Iaticifers, especially defense-related 
proteins (9,93). Increased recognition of NRL allergy by exposed workers and phy­
sicians is also likely to have contributed to the apparent increase in the prevalence of 
the disease during that time. 

Because exposure appears to be the most significant risk factor for developing 
NRL allergy, it is not surprising that with recognition and intervention measures, 
the incidence has fallen. Work-related allergic responses from NRL carried by glove 
powder should no longer be a problem in most occupational settings. As noted, the 
most reported occupational sensitization was in health-care workers, primarily from 
the use of high-protein, powdered NRL gloves (6). With this understanding, the pro­
tein content of NRL gloves has been significantly reduced by many manufacturers 
(94). and low-powdered or nonpowdered gloves are available. Several recent studies 
suggest that when instituted, such changes are very effective in reducing the risk of 
occupational sensitization in health care workers (95- 10 I). Despite the reductions 
in incidence of NRL allergy reported from health care facilities where glove changes 
have been made, it is likely that a significant proportion of facilities have not made 
specific changes in glove usage. Efforts have been made by NRL glove producers to 
reduce powder and NRL protein content of NRL gloves used for health care (94). 
However there is no clear published report to suggest overall effectiveness of this in 
facilities that have not specifically purchased low-protein, powder-free gloves. Recent 
reports from various areas of the world indicate that prevalence rates of latex sensiti­
zation range from 5.4% to 9.7% among hospital employees with daily NRL contact 
(102-104). Similarly, it may be expected that improvements in powdered gloves 
may be slower in non- health care occupations (l 05, I 06). 

Risk Factors 

Although exposure to NRL is intuitively the most relevant risk factor for the initia­
tion of NRL allergy, a clear dose-response relationship between occupational expo­
sure to NRL and IgE-mediated sensitization has not been consistently demonstrated 
in prevalence surveys. This is because assessment of exposure based on self-reported 
use of NRL gloves does not reflect the actual level of exposure, as colleagues working 
in the same environment represent a significant source of airborne allergen (107,108). 
In addition, cross-sectional studies may be affected by survival bias, because workers 
with NRL sensitization may tend to use fewer NRL gloves ( I 09). Two epidemiolo­
gical surveys have provided direct evidence supporting a causal role of exposure to 
NRL gloves. In a cross-sectional survey of dental students and staff, Tarlo et al. (80) 
documented a progressive increase in risk of sensitization to NRL by years of expo­
sure as shown by skin-prick test responses to a low-ammoniated raw NRL solution. 
None of the year 1 or 2 students tested were sensitized (before significant clinical use 
of NRL gloves), whereas 6% of year 3 students, I 0% of year 4 students, and 25% of 
the staff were sensitized. Symptoms of asthma, rhinoconjunctivitis, and contact urti­
caria associated with NRL glove exposure were significantly more frequent among 
those with positive skin tests to NRL. In a prospective cohort study of apprentices, 
Gautrin et al. (I IO) found that the cumulative incidence rate of skin reactivity to 
NRL was significantly higher among dental hygiene students using NRL gloves 
on a regular basis (6.3%) than among animal health technologists (1%) or pastry 
makers (1.6%). 
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The prevalence of sensitization among workers exposed to NRL has never been 
compared adequately with the figures observed in the general adult population. Pre­
valence rates of skin reactivity to NRL extracts varied from 0.6% to 4.9% in appren­
tices assessed before starting occupational exposure ( 111) and in individuals attending 
a health-screening visit (112), a preoperative visit (82), or an allergy clinic (l 13). The 
figures for clinical allergy to NRL were usually lower, ranging from 1.2% to 3.1% 
(82,112,113). Higher prevalence rates of NRL sensitization have generally been 
reported in studies that assessed the levels of NRL-specific IgE antibodies among 
blood donors (from 3.6% to 7.6%) (114-117). In a population-based survey derived 
from the Third National Health and Nutrition Examination Survey (1988-1991), 
Garabrant et al. (118) found that the prevalence of NRL-specific IgE antibodies 
was not higher among health care workers than among the general population. 
The reported prevalence rate of NRL sensitization in the general population was, 
however, much higher (18.4%) than the figures reported in other unexposed popula­
tions, raising concern about the specificity of the method used for measuring specific 
IgE antibodies. 

In addition to repeated exposure to NRL products, atopy seems to be the prin­
cipal determinant for the development of NRL sensitization. Atopy (defined either 
by immunological tests to common inhalant allergens or by the history) is two­
to five-fold more frequent in health care personnel with NRL allergy than in their . 
coworkers without NRL allergy (75, 76,78-80, 119,120). However, the predictive 
value of atopy with regard to the development of immunological sensitization and 
occupational asthma due to NRL is low (79). In a recent study, sensitization to 
hevein (Hev b 6.02) was associated with the HLA class II alleles DQB 1 ·0302 
(DQ8) alone and DQB1 ·o302(DQ8)-DRB1 ·04 (DR4) haplotype among health-care 
workers with NRL allergy (121). Pre-existing dermatitis of the hands is thought to 
enhance the risk of NRL allergy by facilitating the transcutaneous passage of 
NRL proteins (122). Hand eczema has been found more frequently in subjects with 
NRL allergy than in their nonallergic coworkers (75, 78-80). In spina bifida children, 
the development of NRL allergy is associated with atopy and the number of surgical 
procedures (84,87). Exposure to NRL in infancy is likely to be the crucial factor 
leading to the high prevalence of NRL sensitization in spina bifida children as com­
pared with adults affected by similar neurological disorders and NRL exposure 
(123). Reports suggest that allergy to foods can develop before the onset of clinical 
allergy to NRL products (124), although the role of food allergy as an independent 
risk factor for the initiation of NRL allergy remains uncertain. 

CLINICAL MANIFESTATIONS 

Skin and Systemic Reactions 

The severity of clinical manifestations of NRL allergy varies according to the route 
of exposure. Cutaneous exposure to NRL causes local urticaria usually restricted to 
the site of NRL contact, although systemic reactions have been occasionally 
reported (3,125,126). In glove wearers, skin symptoms take the form of pruritus, 
erythema, and hives beginning 20 to 30 minutes after donning NRL gloves. Symp­
toms of glove-induced itching and redness of the hands have, however, a low predic­
tive value with regard to the presence of NRL allergy, because questionnaire surveys 
have shown that a high proportion {up to 50%) of health care workers experience 
glove-related skin symptoms consistent with contact dermatitis in the absence of 
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any demonstrable allergic sens1uzation to NRL (75, 77-79,91 ). In addition to 
immediate skin reactions, NRL-exposed workers can also present with persistent 
dermatitis related to irritant contact dermatitis or delayed hypersensitivity reaction 
to rubber additives, disinfectants, or drugs (13). Delayed skin reactions to patch tests 
with NRL suggest that allergic contact eczema to NRL proteins can develop in sub­
jects with or without concomitant urticaria (105,122,127). 

Mucosa!, visceral, and parenteral exposures to NRL are associated with the 
greatest risk for developing severe systemic reactions. Anaphylactic reactions have 
been documented during surgical procedures (2,85,128), deliveries (129), gynecologi­
cal examinations (130), dental treatment (128), barium enema using balloon-tipped 
catheters (131 ,132), and condom-protected sexual intercourse (133). NRL has 
become the second most common cause of perioperative anaphylactic reactions, 
accounting for 16% of such adverse events (134). NRL-induced reactions during sur­
gery are characterized by a delayed onset after induction of anesthesia (2). There is 
also some suggestion that intravenous exposure to NRL allergens can result from 
injection ports in intravenous lines. plungers on syringes, and stoppers on medication 
vials (135). Systemic reactions have also been described after ingestion of foods con­
taminated by NRL allergens when handled by personnel wearing gloves (l 36). 
Finally, it should be kept in mind that urticaria and anaphylaxis can occur after 
remote exposure to NRL allergens transferred from the workplace on hands and 
clothes (137). Fatal anaphylactic reactions induced by NRL seem, however, to be a 
rare consequence of NRL allergy (132,138), although a recent survey of U.K. theatre 
managers found that 18 major anaphylactic reactions and four deaths had occurred 
among about 500 NRL-allergic patients after they had undergone surgery (139). 

Respiratory Symptoms 

In the early 1990s, it was demonstrated that exposure to airborne NRL allergens 
bound to powder particles of gloves (or to any dusted rubber products, such as 
toy balloons) could result in allergic respiratory reactions, including rhinoconjuncti­
vitis and asthma (7,20, 140). These respiratory symptoms have been described pri­
marily among workers manufacturing or using NRL gloves (74, 79). A survey of 
hospital employees showed that asthma is a common manifestation of NRL allergy, 
and this has been documented through specific inhalation challenges in approxi­
mately half of the participants who demonstrated skin sensitization to NRL 
(i.e., 2.5% of all employees) (79). Surveillance programs and medicolegal statistics 
indicate that NRL has become one of the leading causes of occupational asthma 
in the 1990s (141,142). However, only 39% to 68% of subjects with NRL-induced 
occupational. asthma identify NRL gloves as the cause of their asthma, since the 
work relatedness of respiratory symptoms can be obscured by several factors 
(143 ,144). Thus, exposure to airborne NRL allergens is most often intermittent 
and indirect, resulting from inhalation of NRL allergens disseminated in the air 
by coworkers handling NRL gloves (107). As a result, subjects who do not use 
NRL gloves but who experience asthma at work tend to ascribe their asthma to 
substances other than NRL. 

The possibility of respiratory allergy to NRL should be also considered in non­
medical occupations. Rhinoconjunctivitis and asthma caused by NRL gloves have 
been reported in greenhouse workers (81), hairdressers (105) , food processors 
(145), laboratory workers (146), and pharmaceutical industry workers (89). Although 
powdered NRL gloves are the most frequent source of exposure to airborne NRL, 
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respiratory reactions have occasionally been described in workers exposed to NRL 
dust generated by grinding dolls (88) and by processing elasticized fabrics (147). In 
nonoccupational environments, respiratory symptoms can result from exposure to 
deflating or bursting toy balloons. One report has suggested that . NRL can cause 
eosinophilic bronchitis, which is characterized by NRL-related cough and sputum 
eosinophilia in the absence of demonstrable airflow obstruction or nonspecific 
bronchial hyperresponsiveness (148). At present, it remains unknown whether this 
syndrome progresses to typical asthma. 

Food Allergy 

It was recognized early on that individuals with NRL allergy experience allergic reac­
tions after ingestion of banana, kiwi, avocado, and chestnut with an unusually high fre­
quency. In recent years, the list of plant-derived foods causing allergic reactions in 
NRL-allergic subjects has been extended to include potato, tomato, passion fruit, 
melon, fig, pineapple, mango, peach, plum, almond, and pepper (124,149-151). 
Approximately 30% to 50% of individuals with NRL allergy show clinical hypersensi­
tivity to some plant-derived foods, while an even higher proportion (about 70%) 
demonstrates lgE antibodies against these allergens (124,149,150). The association 
between allergy to NRL and to plant-derived foods is usually referred to as the 
"latex-fruit syndrome." The symptoms that are experienced by individuals with 
the latex-fruit syndrome range from itching of the throat to oral and facial swelling, 
rhinoconjunctivitis, and anaphylactic shock. It is noteworthy that these hypersensitiv­
ity reactions to foods may develop after cessation of occupational exposure to NRL 
(151). In addition, several reports have described an association between NRL allergy 
and sensitization to latex from the weeping fig (Ficus benjamina) (152), to enzymes 
extracted from the latex of papaya ( Carica papaya) (124, 153,154), and to pollen 
(150,155,156). Conversely, a substantial proportion of subjects with fruit allergy show 
IgE-mediated sensitization to NRL, although only a minority of them will develop clin­
ical hypersensitivity reactions to NRL products (l 57,158). Several proteins have been 
identified to be involved in this immunological cross-reactivity between NRL and phy­
logenetically distant plants, including class I chitinases containing an N-terminal 
hevein-like domain (Hev b 6.02), a beta-1,3-glucanase (Hev b 2), a patatin-like protein 
(Hev b 7), and the pan-allergen profilin (Hev b 8) (50,149,155,156,159-161). 

DIAGNOSTIC PROCEDURES 

Immunological Tests 

Most studies have shown that in vitro measurement of NRL-specific IgE using 
RAST or ELISA methods is less reliable than skin testing (20.122, 162-164 ). There 
are three FDA-cleared commercial in vitro assays whose diagnostic performance 
has been carefully compared with skin testing (165). The CAP system (Pharmacia 
Inc.) and the Alastat microtiter plate assay (Diagnostics Products Corp.), the most 
commonly used tests, perform comparably, with sensitivities around 75% and speci­
ficities of about 97%. The Hy-Tech assay (Hycor) has a greater sensitivity (92%) but 
a lower (73%) specificity (166). Although anaphylactic events have been reported 
after skin tests with NRL extracts (l 62), most investigators agree that skin testing 
can be performed safely and should be, for the time being, the recommended 
procedure for demonstrating lgE sensitization to NRL. The use of homemade 
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extracts of NRL materials is not recommended for routine testing, because these 
extracts are of variable allergenic activity (167). Standardized and validated extracts 
of NRL are becoming commercially available (168). Further characterization of rele­
vant NRL allergens will make it possible to achieve proper allergen standardization. 

Inhalation Challenges 

Recent studies have provided evidence that clinical history and immunological test­
ing are sensitive but not specific tools for diagnosing NRL-induced occupational 
asthma (Table 2) (143,144,169). Among workers investigated for possible occupa­
tional asthma caused by NRL gloves, the nature of reported symptoms, including 
the presence of work-related urticaria and rhinitis, and their timing in relation to 
workplace exposure do not discriminate between subjects with and without NRL­
induced asthma. Awareness of a specific temporal relationship between exposure 
to NRL gloves and the development of asthma symptoms is more frequently 
reported by subjects with NRL-induced asthma (143,144). Skin-prick tests to 
NRL are positive in almost all subjects who demonstrate an asthmatic response to 
inhalation challenge with NRL gloves, providing a high negative predictive value 
for the presence of NRL-induced occupational asthma. Conversely, positive immu­
nological tests do not necessarily indicate that NRL is involved in the development 
of asthmatic reactions. The combination of skin-prick tests with the clinical history 
increases the sensitivity from 87% to 94% and the negative predictive value from 50% 

Table 2 Validity of Procedures for Diagnosing NRL-Induced Occupational Asthma as 
Compared with Specific Inhalation Challenges 

PPV NPV 
Sensitivity (%) Specificity (%) (%) (%) References 

Clinical history 92 32 24 94 169 
87 14 75 50 143 
89 50 77 71 144 

NSBH 90 7 68 25 143 
90 JO 65 33 144 

Skin-prick tests JOO 21 74 100 143 
to NRL JOO 20 70 100 144 

Specific lgE to 95 40 75 80 144 
NRL 

Clinical 94 36 76 71 143 
history + skin 
test to NRL 

NSBH"+skin 84 70 84 70 144 
test to NRL 

Note: The prevalence rates of NRL-induced occupational asthma, as ascertained by specific inhalation 
challenges in the studies by Baur et al., Vandenplas et al., and Quirce et al. were 19% (12/62), 69% 
(31 / 45), and 63% (19/30), respectively. 
3 Methacholine PC20 value less than 4 mg/ ml. 
Abbreviations: PPV, positive predictive value; NPV. negative predictive value; NSBH, baseline nonspecific 
bronchial hyperresponsiveness; NRL, natural rubber latex. 
Source: From Refs. 143, 144. 169. 
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to 71%, while the positive predictive value remains unchanged (from 75% to 76%). 
According to the study by Quirce et al. (143,144) the best specificity (70%) and posi­
tive predictive value (84%) are provided by a positive skin-prick test response and an 
airway hyperresponsiveness. These findings indicate that a diagnostic approach com­
bining the clinical history with immunological testing remains less reliable than the 
specific inhalation challenges. On the other hand, monitoring of peak expiratory flow 
rates does not allow for precise identification of the agent causing occupational 
asthma, because workers may be exposed to multiple asthmogenic agents. Thus, 
inhalation challenges with NRL should be recommended when the highest level of 
accuracy is required to establish or exclude a diagnosis of occupational asthma in 
workers exposed to airborne NRL. 

Specific inhalation challenges with NRL should be performed only in specia­
lized centers with facilities to treat severe asthmatic reactions and anaphylactic 
responses (170-172). However, these tests have proved to be a simple and safe tech­
nique, provided that safety requirements and stringent protocols of exposure and 
monitoring are carefully observed. It has recently been shown that repeated chal­
lenge exposures to glove powder do not provoke an increase in immunological sen­
sitization to NRL allergens (173). SIC can be performed either by handling NRL 
gloves (140,143,144,169,174), by inhaling NRL-loaded cornstarch particles collected 
from powdered latex gloves (172,173), or by administering aqueous extracts of 
gloves (l 75). At present, however, no standardized methodology exists for perform­
ing SIC with NRL, because standardization of these tests would require quantifica­
tion of the amount of NRL allergen delivered and comparison of these levels with 
those measured at work. The "handling" method is more likely to mimic the mode 
of exposure encountered at the workplace (i .e., airborne particles) than is the inhala­
tion of nebulized glove extracts. It has been shown that this "realistic" method 
allows for generating steady concentrations of airborne NRL allergens after a few 
minutes ( 144). These findings indicate that the cumulative dose of NRL administered 
to the patients is mainly determined by the duration of challenge exposure. The dose 
of NRL allergens required to induce an asthmatic response varies widely from one 
subject to another, ranging from 25 to 1500 ng (l 44,174). 

MANAGEMENT AND OUTCOME 

Pharmacotherapy with antihistamines and corticosteroids does not completely 
remove the risk of life-threatening anaphylactic reactions to NRL ( 176). There is some 
suggestion, from case reports (l 77-179) and a limited number of placebo-controlled 
studies ( 180,181), that immunotherapy with NRL extracts could lead to a reduction 
in NRL-related symptoms (cutaneous, nasal, and ocular), medication score, and skin 
and conjunctiva! reactivity to NRL. Immunotherapy is, however, associated with a 
high risk of severe local and systemic adverse effects and should be considered unac­
ceptable in its current form . Modified recombinant allergens (182.183). T cell epitope 
peptides ( 184), or DNA vaccines ( 185) could be promising tools for delivering safe and 
effective NRL allergen immunotherapy ( 186). A preliminary report suggests that 
omalizuinab, a recombinant and humanized anti-IgE monoclonal antibody, induces 
an improvement in conjunctiva! and skin reactivity to NRL (187). At present, avoid­
ance of exposure to NRL-containing products still remains the primary method for 
management of NRL allergy. Once the diagnosis has been firmly established, NRL­
allergic patients should receive complete information about the potential sources of 
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exposure to NRL and the possibility of cross-reactivity with plant-derived foods . 
All surgical procedures, diagnostic investigations, and dental treatments should be 
performed strictly in NRL-free environments, regardless of the severity of reactions 
induced by skin exposure (5.6,188). NRL-allergic individuals should wear a 
MedicA!ert i} bracelet or another " allergy identification" device. Those patients 
who report a history of anaphylactic reaction should be prescribed an autoinjectable 
epinephrine kit and carefully instructed on how to use it. 

In occupational settings, management options include relocation of the worker 
to an NRL-free work area or conversion of the worker's current area to an NRL safe 
area. Complete avoidance of exposure to NRL is difficult in health-care environ­
ments, as it implies both personal and institutional policy changes. NRL-allergic 
health-care workers should be instructed to use only NRL-free gloves. However, per­
sonal avoidance of NRL gloves is not sufficient to prevent exposure to airborne 
NRL allergens, because the continued use of powdered NRL gloves by coworkers 
may disseminate significant amounts of NRL-contaminated powder particles, which 
are capable of triggering respiratory reactions in allergic workers (71, 72, I 08, 189). 
Thus, every effort should be made to avoid or to minimize indirect airborne exposure 
to NRL. Nonpowdered gloves with low protein content are effective in reducing the 
concentration of airborne NRL allergens (71,72,174.190,191) and the level ofNRL­
specific IgE (191 ,192), and in preventing the development of asthmatic reactions in 
health-care workers with NRL-induced asthma (64,174,190). However, the safety 
of low-protein NRL glove used by coworkers should be properly evaluated on an 
individual basis, as highly sensitive subjects may still develop asthmatic reactions 
after prolonged exposure to low-protein gloves (64,174). 

There is limited information pertaining to the health and economic outcomes 
of NRL allergy. A few reports indicate that occupational NRL allergy is associated 
with a substantial adverse impact on work ability and career options in health-care 
workers (193,194), particularly in those with NRL-induced asthma (195). A recent 
follow-up study of workers with NRL-induced occupational asthma found a similar 
degree of improvement in NRL-related symptoms and nonspecific bronchial hyper­
responsiveness in workers who avoided exposure to NRL as compared with those 
who only reduced exposure (151 ). These findings indicate that reduction of exposure 
to NRL can be considered a reasonably safe alternative in those subjects for whom 
complete NRL avoidance is not feasible. In addition, reduction of exposure to NRL 
was associated with fewer adverse socioeconomic consequences than complete avoid­
ance. Further investigation is required to determine whether subjects with urticaria 
and/or rhinitis will develop asthma if they remain exposed to low levels of airborne 
NRL. It remains unknown whether asymptomatic subjects who demonstrate skin or 
serological evidence of NRL sensitization will progress to clinical allergy on expo­
sure to NRL products. Nevertheless, it is wise to recommend NRL-free environ­
ments during surgical procedures in these individuals with subclinical sensitization 
to NRL allergens. 

PREVENTION 

The. use ·or NRL-free materials is undoubtedly the most effective means of preventing 
sensitization to NRL, as has been reviewed (5). Most NRL devices for medical 
or consumer purposes can be easily replaced by latex-free materials with similar 
properties, with the notable exception of medical gloves. At present, the widespread 
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use of NRL-free medical gloves does not appear to be feasible, because synthetic 
elastomer gloves with satisfactory mechanical and tactile properties are much 
more expensive than NRL gloves. Vinyl gloves are not as strong as latex gloves, 
nor do they provide a satisfactory tactile feel. Nevertheless, vinyl or other synthetic 
gloves should be used where possible for nonsterile procedures, as examination 
gloves are a significant source of exposure to airborne NRL allergens outside oper­
ating rooms. Unless mandated by accepted Standard Precautions, the routine use of 
NRL gloves by workers and other individuals, such as food handlers and housekeep­
ing personnel, should be discouraged ( 188). 

Because the NRL allergens are closely associated with the donning cornstarch 
powder (189,196), airborne exposure can be reduced by powder-free or low-powdered 
gloves or by reducing NRL-allergen content of gloves. Although manufacturers of 
NRL gloves for health care use have generally reduced the protein and powder 
content of such gloves to varying degrees (94), widespread switching to NRL gloves 
with a low allergen and powder content in all exposed health care workers is the logi­
cal intervention to reduce exposure to NRL allergens. This approach has been 
demonstrated to be effective in preventing the development of NRL allergy among 
health care workers (95-10 I). In a school of dentistry in Ontario, powdered NRL 
gloves were substituted with low-protein, powder-free NRL gloves as a result of a 
cross-sectional survey conducted in 1995 (80). In a repeat survey of the same school 
in 2000 (97), none of the 57 participating third- and fourth-year students had a posi­
tive skin test to NRL, and the only positive skin test responses were in three dental 
assistants who had not participated in the earlier study. The frequency of contact 
urticaria and/or pruritus associated with glove use was significantly reduced, and 
there was a trend toward reduced rates of asthma and rhinoconjunctivitis associated 
with NRL gloves among all participants. Similarly, in a large Ontario hospital, after 
changing from powdered NRL gloves to low-protein, low-powdered examination 
gloves in 1995 and to sterile NRL gloves in 1997 (95), there was a marked fall in 
the annual rates of "incident reports" and newly diagnosed NRL allergy. Incident 
reports, which had peaked at 45 in 1994, fell to O in 1999, and in that year, only 
one hospital worker (whose symptoms began in 1997) was newly diagnosed with 
NRL allergy. Therefore glove changes effectively eliminated the problem of new 
NRL allergy in this hospital and dental school. Of note, the overall cost of gloves 
in this hospital did not increase as a result of these changes. Instead of each hospital 
department ordering gloves individually, glove orders were for the most part conso­
lidated through one supplier, and the bulk ordering led to similar overall costs 
despite the generally higher costs of safer gloves (95). 

Very similar findings in relation to NRL allergy in health-care workers have 
been reported from the Mayo Clinic by Hunt et al. (98) after changing over to 
NRL gloves with low or undetectable allergen content. That hospital did not place 
a restriction on powdered NRL gloves, but it was found that the reduction in glove 
allergen content was sufficient to reduce airborne NRL allergens carried by the glove 
cornstarch. Hunt et al. (98) found that NRL-induced symptoms of rhinoconjunctivi­
tis and asthma rarely occurred at sites where the airborne concentration of NRL aller­
gen was below 10ng/m3

• They reported that measured concentrations of NRL 
allergens in the Mayo Clinic after the glove changes were usually below I ng/ m3 

and consistently below IO ng/m3 (98), in contrast with previous reports of concentra­
tions l O to 500 ng/m3 in settings where high-allergen gloves were used (190,197). They 
also reported that since the glove changes, there were no new reports to the Employee 
Health Department of change in work area due to NRL allergy (98). As in the 
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previously cited study (95), costs did not significantly increase with glove changes. 
More generalized population studies also support the effectiveness of glove changes 
in reducing occupational NRL allergy. Allmers (99,100) has reported a dramatic 
reduction in NRL allergy in Gennany concurrent with glove changes, and in Ontario, 
Canada, reductions in compensation claims for NRL-induced occupational asthma 
have coincided with glove control measures (96), consistent with current recommen­
dations (5). There is Jess information published as to the implementation of preven­
tive measures for non-health care workers and any impact on sensitization and 
clinical allergy incidence. Levels of NRL allergen have been reported to be very high 
in glove-making facilities as recently as in 2000 (198), but current understanding of 
the risks of sensitization should allow better occupational hygiene measures to reduce 
skin and airborne exposure of workers to NRL allergen. 

Although the total protein content of gloves may not accurately reflect their 
allergen content (62-64), this does not appear to have been a practical concern in 
ameliorating the problem of sensitization. Regulatory agencies should establish 
international standards for the labeling of NRL-containing devices and for measure­

. ment of their protein and allergen content. Published data regarding allergen and 
protein levels in gloves may also prove to be a valuable tool to guide procurement 
decisions (67,94). Although cost considerations are frequently cited as an objection 
to converting to non-NRL or low-allergen NRL gloves, reports from North American 
medical centers have documented no increase in glove costs (95,98). Furthermore, 
indirect costs such as workers' compensation, disability, loss of work, and medical 
treatment resulting from NRL exposure must be added into any strict accounting of 
costs incurred to reduce NRL exposure (199). 

The continuing high prevalence of NRL allergy among exposed workers in 
centers where the use of high-protein NRL gloves is still continued justifies regular 
medical surveillance by questionnaire and immunological assessment in such set­
tings until the recommendations to change the gloves to low-allergen gloves are 
implemented. There is also a need for ongoing vigilance and screening for a history 
of possible NRL allergy in high-risk patients who are undergoing relevant proce­
dures. A positive screening history should be followed up with formal allergy assess­
ment, and when positive or in doubt, NRL-free protocols should be implemented. 
Children requiring early frequent surgical and medical procedures due to spina 
bifida or other congenital abnormalities are at such high risk for developing 
NRL allergy that complete avoidance of exposure to NRL products is needed from 
birth (200,201). 

CONCLUSION, RESEARCH NEEDS, AND PERSPECTIVES 

Over the last two decades NRL allergy has become a major cause of medical concern 
among individuals exposed to NRL-containing materials in medical and nonmedical 
environments. Intense research efforts have Jed to the identification of NRL 
allergens and characterization of pathophysiological mechanisms of the disease. 
Translation of research findings into workplace practice has significantly altered 
the course of the NRL allergy outbreak. NRL allergy should be regarded as one 
of the few conditions where control of exposure is feasible and seems to be effective 
in reducing the burden of the disease. Further characterization of relevant NRL 
allergens should allow for developing quantitative assessment of clinically relevant 
allergens in NRL products and implementing more precise quality standards. 



452 Vandenplas et al. 

REFERENCES 

I. Nutter AF. Contact urticaria to rubber. Br J Dermatol 1979; 101:597- 598. 
2. Slater JE. Rubber anaphylaxis. N Engl J Med 1989; 320:1126-1130. 
3. Spaner D, Dolovich J, Tarlo S, Sussman G, Buttoo K. Hypersensitivity to natural latex. 

J Allergy Clin lmmunol 1989; 83:1135- 1137. 
4. Fuchs T. Latex allergy. J Allergy Clin Immunol 1994; 93:951-952. 
5. Charous BL, Blanco C, Tarlo S, et al. Natural rubber latex allergy after 12 years: recom­

mendations and perspectives. J Allergy Clin lmmunol 2002; 109:31- 34. 
6. Cullinan P, Brown R, Field A, et al. Latex allergy. A position paper of the British 

Society of Allergy and Clinical Immunology. Clin Exp Allergy 2003; 33:1484-1499. 
7. Vandenplas 0 . Occupational asthma caused by natural rubber latex. Eur Respir J 1995; 

8:1957-1965. 
8. Dennis MS, Light DR. Rubber elongation factor from Hevea brasiliensis. Identification, 

characterization, and role in rubber biosynthesis. J Biol Chem 1989; 264: 
18,608- 18,617. 

9. Gidrol X, Chrestin H, Tan HL, Kush A. Hevein, a lectin-like protein from He vea 
brasiliensis (rubber tree) is involved in the coagulation of latex. J Biol Chem 1994; 
269:9278-9283. 

10. Lee HI, Broekaert WF, Raikhel NV, Lee H. Co- and post-translational processing of 
the hevein preproprotein of latex of the rubber tree (Hevea brasiliensis). J Biol Chem 
1991; 266:15,944-15,948. 

11. Beezhold DH. Kostyal DA, Sussman GL. IgE epitope analysis of the hevein preprotein: 
a major latex allergen. Clin Exp Immunol 1997; 108:114-121. 

12. Jekel PA, Hartmann BH, Beintema JJ. The primary structure of hevamine, an enzyme 
with lysozyme/ chitinase activity from Hevea brasi/iensis latex. Eur J Biochem 1991 ; 
200:123--130. 

13. Fisher AA. Allergic contact reactions in health personnel. J Allergy Clin lmmunol 1992; 
90:729-738. 

14. Williams PB, Halsey JF. Endotoxin as a factor in adverse reactions to latex gloves. 
Ann Allergy Asthma lmmunol 1997; 79:303--310. 

15. Slater JE, Paupore EJ, Elwell MR, Truscott W. Lipopolysaccharide augments IgG and 
lgE responses of mice to the latex allergen Hev b 5. J Allergy Clin lmmunol l 998; 
102:977-983. 

16. Howell MD, Tomazic VJ, Leakakos T, Truscott W, Meade BJ. lmmunomodulatory 
effect of endotoxin on the development of latex allergy. J Allergy Clin lmmunol 
2004; 113:916-924. 

17. Carrillo T, Cuevas M , Munoz T, Hinojosa M. Moneo I. Contact urticaria and rhinitis 
from latex surgical gloves. Contact Dermatitis 1986; I 5:69-72. 

18. Morales C. Basomba A, Carreira J, Sastre A. Anaphylaxis produced by rubber glove 
contact. Case reports and immunological identification of the antigens involved. Clin 
Exp Allergy 1989; 19:425-430. 

19. Alenius H. Turjanmaa K. Palosuo T, Makinen-Kiljunen S, Reunala T . Surgical latex 
glove allergy: characterization of rubber protein allergens by immunoblotting. Int Arch 
Allergy Appl Immunol 1991; 96:376-380. 

20. Jaeger D, Kleinhans D. Czuppon AB, Baur X. Latex-specific proteins causing immediate­
type cutaneous, nasal, bronchial, and systemic reactions. J Allergy Clin lmmunol 1992: 
89:759-768. 

21. Chambeyron C, Dry J, Leynadier F, Pecquet C, Tran Xaan T. Study of the allergenic 
fractions of latex. Allergy 1992; 47:92-97. 

22. Makinen-Kiljunen S, Turjanmaa K, Palosuo T, Reunala T. Characterization of latex 
antigens and allergens in surgical gloves and natural rubber by immunoelectrophoretic 
methods. J Allergy Clin Immunol 1992: 90:230-235. 

23. Slater JE, Chhabra SK. Latex antigens. J Allergy Clin lmmunol 1992; 89:673--078. 



Latex Allergy 453 

24. Kurup VP, Kelly KJ, Turjanmaa K, et al. lmmunoglobulin E reactivity to latex antigens 
in the sera of patients from Finland and the United States. J Allergy Clin Immunol 
1993; 91:1128-1134. 

25 . Alenius H. Turjanmaa K, Makinen-Kiljunen S, Reunala T, Palosuo T. lgE immune 
response to rubber proteins in adult patients with latex allergy. J Allergy Clin Immunol 
1994: 93:859-863. 

26. Beezhold DH, Sussman GL, Kostyal DA. Chang NS. Identification of a 46-kD latex 
protein allergen in health care workers. Clin Exp Immunol 1994: 98:408-413. 

27 . Tomazic VJ. Withrow TJ, Hamilton RG. Characterization of the allergen(s) in latex 
protein extracts. J Allergy Clin Immunol 1995; 96:635-642. 

28. Lu LJ, Kurup VP. Fink JN, Kelly KJ. Comparison of latex antigens from surgical 
gloves, ammoniated and nonammoniated latex: effect of ammonia treatment on natural 
rubber latex proteins. J Lab Clin Med 1995; 126:161-168. 

29. Yeang HY, Cheong KF, Sunderasan E, et al. The 14.6 kd rubber elongation factor 
(Hev b I) and 24 kd (Hev b 3) rubber particle proteins are recognized by IgE 
from patients with spina bifida and latex allergy. J Allergy Clin lmmunol 1996; 98: 
628-639. 

30. Akasawa A, Hsieh LS, Lin Y. Serum reactivities to latex proteins (Hevea brasiliensis). 
J Allergy Clin Immunol 1995: 95:1196-1205. 

31. La Grutta S. Mistrello G, Varin E, Pajno GB, Passalacqua G . Comparison of ammo­
niated and nonammoniated extracts in children with latex allergy. Allergy 2003; 
58:814-818. 

32. Akasawa A, Hsieh LS, Lin Y. Comparison of latex-specific IgE binding among nonam­
moniated latex, ammoniated latex, and latex glove allergenic extracts by ELISA and 
immunoblot inhibition. J Allergy Clin Immunol 1996; 97:1116-1120. 

33. Kurup VP, Alenius H, Kelly KJ, Castillo L, Fink JN. A two-dimensional electrophore­
tic analysis of latex peptides reacting with lgE and lgG antibodies from patients with 
latex allergy. Int Arch Allergy Immunol 1996; 109:58-67. 

34. Alenius H, Palosuo T, Kelly K, et al. lgE reactivity to 14-kDa and 27-kDa natural 
rubber proteins in latex-allergic children with spina bifida and other congenital anoma­
lies. Int Arch Allergy Immunol 1993; 102:61-66. 

35. http://www.allergen.org. 
36. Czuppon AB, Chen Z, Rennert S, et al. The rubber elongation factor of rubber trees 

(Hevea brasiliensis) is the major allergen in latex. J Allergy Clin Immunol 1993; 
92:690-697. 

37. Alenius H. Kalkkinen N, Lukka M, et al. Prohevein from the rubber tree (Hevea 
brasiliensis) is a major latex allergen . Clin Exp Allergy 1995; 25:659-665. 

38. Sunderasan E, Hamzah S, Hamid S, Ward MA, Yeang HY, Cardosa MJ. Latex 
B-serum ~-1 ,3-glucanase (Hev b 2) and a component of the micro helix (Hev b 4) are 
major allergens. J Nat Rubber Res 1995; 10:82-89. 

39. Akasawa A. Hsieh LS, Martin BM, Liu T, Lin Y. A novel acidic allergen, Hev b 5, 
in latex. Purification, cloning and characterization. J Biol Chem 1996; 271: 
25.389-25.393. 

40. Alenius H, Kalkkinen N, Reunala T, Turjanmaa K, Palosuo T. The main lgE-binding 
epitope of a major latex allergen, prohevein, is present in its N-terminal 43-amino acid 
fragment, hevein. J Immunol 1996; 156: 1618-1625. 

41. Yeang HY. Natural rubber latex allergens: new developments. Curr Opin Allergy Clin 
Immunol 2004; 4:99-104. 

42. Rihs HP, Chen Z, Rozynek P, Baur X, Lundberg M. Cremer R. PCR-based cloning, 
isolation, and lgE-binding properties of recombinant latex profilin (rHev b 8). Allergy 
2000; 55:712-717. 

43. Wagner S, Breiteneder H, Simon-Nobbe B, et al. Hev b 9, an enolase and a new cross­
reactive allergen from Hevea latex and molds. Purification, characterization, cloning 
and expression. Eur J Biochem 2000; 267:7006-7014. 



454 Vandenplas et al. 

44. Wagner S, Sowka S, Mayer C, et al. Identification of a Hevea brasiliensis latex manga­
nese superoxide dismutase (Hev b 10) as a cross-reactive allergen. Int Arch Allergy 
Immunol 2001; 125:120-127. 

45. Posch A, Wheeler CH, Chen Z, et al. Class I endochitinase containing a hevein domain 
is the causative allergen in latex-associated avocado allergy. Clin Exp Allergy 1999; 
29:667-672. 

46. Beezhold DH, Hickey VL, Kostyal DA, et al. Lipid transfer protein from Hevea brasi­
liensis (Hev b 12), a cross-reactive latex protein. Ann Allergy Asthma Immunol 2003; 
90:439-445. 

47. Arif SA, Hamilton RG, Yusof F, et al. Isolation and characterization of the early 
nodule-specific protein homologue (Hev b 13), an allergenic lipolytic esterase from 
Hevea brasiliensis latex. J Biol Chem 2004; 279:23,933--23,941. 

48. Yagami T, Haishima Y, Tsuchiya T, Tomitaka-Yagami A, Kano H, Matsunaga K. 
Proteomic analysis of putative latex allergens. Int Arch Allergy Immunol 2004; 135: 
3-1 I. 

49. Chen Z, Van Kampen V, Raulf-Heimsoth M, Baur X. Allergenic and antigenic deter­
minants of latex allergen Hev b 1: peptide mapping of epitopes recognized by human, 
murine and rabbit antibodies. Clin Exp Allergy 1996; 26:406-415. 

50. 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 (rub­
ber elongation factor). Clin Exp Allergy 1998; 28:339-348. 

51. Mikkola JH, Alenius H, Kalkkinen N, Turjanmaa K, Palosuo T, Reunala T. Hevein­
like protein domains as a possible cause for allergen cross-reactivity between latex 
and banana. J Allergy Clin lmmunol 1998; 102:1005-1012. 

52. Beezhold DH, Hickey VL, Slater JE, Sussman GL. Human IgE-binding epitopes of the 
latex allergen Hev b 5. J Allergy Clin Immunol 1999; 103: 1166-1172. 

53. Meade BJ, Weissman DN, Beezhold DH. Latex allergy: past and present. Int Immuno­
pharmacol 2002; 2:225- 238. 

54. Sussman GL, Beezhold DH, Kurup VP. Allergens and natural rubber proteins. J Allergy 
Clin Immunol 2002; l 10:S33-S39. 

55. Slater JE. Latex allergens. Clin Allergy Immunol 2004; 18:369-386. 
56. Yip L, Hickey V, Wagner B, et al. Skin prick test reactivity to recombinant latex aller­

gens. Int Arch Allergy Immunol 2000; 121 :292-299. 
57. Bernstein DI, Biagini RE. Kamani R, et al. In vivo sensitization to purified Hel'ea 

brasi/iensis proteins in health care workers sensitized to natural rubber latex. J Allergy 
Clin Immunol 2003; 111 :610-616. 

58. Beezhold D, Swanson M, Zehr BD, Kostyal D. Measurement of natural rubber proteins 
in latex glove extracts: comparison of the methods. Ann Allergy Asthma Immunol 1996: 
76:520-526. 

59. Yeang HY, Yusof F, Abdullah L. Precipitation of He1·ea brasi/iensis latex proteins with 
trichloroacetic acid and phosphotungstic acid in preparation for the Lowry protein 
assay. Anal Biochem 1995; 226:35-43. 

60. Beezhold D, Horton K. Hickey V, Daddona J, Kostyal D. Glove powders carrying 
capacity for latex proteins: analysis using the ASTM ELISA test. J Long Term Effects 
Med Implants 2003; 13 :21-31. 

61. Turjanmaa K. Laurila K, Makinen-Kiljunen S. Reunala T. Rubber contact urticaria. 
Allergenic properties of 19 brands of latex gloves. Contact Dermatitis 1988; 19:362-367. 

62. Leynadier F, Tran Xuan T, Dry J. Allergenicity suppression in natural latex surgical 
gloves. Allergy 1991 ; 46:619-625. 

63. Alenius H, Makinen-Kiljunen S, Turjanmaa K. Palosuo T, Reuna)a T. Allergen and 
protein content of latex gloves. Ann Allergy 1994; 73:315-320. 

64. Vandenplas 0, Delwiche JP, Depelchin S, Sibille Y, Vande Weyer R, Delaunois L. 
Latex gloves with a lower protein content reduce bronchial reactions in subjects with 
occupational asthma caused by latex. Am J Respir Crit Care Med 1995; 151 :887-891. 



Latex Allergy 455 

65. Jones RT, Scheppmann DL, Heilman DK, Yunginger JW. Prospective study of extrac­
table latex allergen contents of disposable medical gloves. Ann Allergy 1994; 73: 
321-325. 

66. Yeang HY, Arif SA, Raulf-Heimsoth M, et al. Hev b 5 and Hev b 13 as allergen mar­
kers to estimate the allergenic potency of latex gloves. J Allergy Clin Immunol 2004; 
114:593-598. 

67. Yunginger JW, Jones RT, Fransway AF, Kelso JM, Warner MA. Hunt LW. Extracta­
ble latex allergens and proteins in disposable medical gloves and other rubber products. 
J Allergy Clin Immunol 1994; 93:836---842. 

68. Turjanmaa K, Reunala T, Alenius H, Brummer-Korvenkontio H, Palosuo T. Allergens 
in latex surgical gloves and glove powder. Lancet 1990; 336: 1588. 

69. Beezhold D, Beck WC. Surgical glove powders bind latex antigens. Arch Surg 1992; 
127:1354-1357. 

70. Tomazic VJ, Shampaine EL, Lamanna A, Withrow TJ, Adkinson NF Jr, Hamilton RG. 
Cornstarch powder on latex products is an allergen carrier. J Allergy Clin Immunol 
1994; 93:751-758. ' 

71 . Swanson MC. Bubak ME, Hunt L W, Yunginger JW, Warner MA, Reed CE. Quanti­
fication of occupational )atex aeroallergens in a medical center. J Allergy Clin Immunol 
1994; 94:445-451. 

72. 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; 98:325-330. 

73 . Brown RH, Taenkhum K, Buckley TJ , Hamilton RG. Different latex aeroallergen 
size distributions between powdered surgical and examination gloves: significance for 
environmental avoidance. J Allergy Clin Immunol 2004; 114:358-363. 

74. Tarlo SM, Wong L, Roos J, Booth N. Occupational asthma caused by latex in a 
surgical glove manufacturing plant. J Allergy Clin Immunol 1990; 85:626---631 . 

75. Turjanmaa K. Incidence of immediate allergy to latex gloves in hospital personnel. 
Contact Dermatitis 1987; 17:270-275. 

76. Lagier F, Vervloet D, Lhermet I, Poyen D, Charpin D. Prevalence of latex allergy in 
operating room nurses. J Allergy Clin Immunol 1992; 90:319-322. 

77. Salkie ML. The prevalence of atopy and hypersensitivity to latex in medical laboratory 
technologists. Arch Pathol Lab Med 1993; 117:897-899. 

78 . Yassin MS, Lierl MB, Fischer TJ , O'Brien K, Cross J, Steinmetz C. Latex allergy in 
hospital employees. Ann Allergy 1994; 72:245-249. 

79. Vandenplas 0, Delwiche JP, Evrard G, et al. Prevalence of occupational asthma due to 
latex among hospital personnel. Am J Respir Crit Care Med 1995; 151 :54--60. 

80. 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 . 

81. Carrillo T, Blanco C, Quiralte J, Castillo R, Cuevas M , Rodriguez de Castro F. Preva­
lence of latex allergy among greenhouse workers. J Allergy Clin Immunol 1995; 96: 
699-701. 

82. Rueff F, Kienitz A, Schopf P, et al. Frequency of natural rubber latex· allergy in adults is 
increased after multiple operative procedures. Allergy 2001 ; 56:889-894. 

83. Slater JE, Mostello LA, Shaer C. Rubber-specific lgE in children with spina bifida. 
J Urol 1991; 146:578-579. 

84. Yassin MS, Sanyurah S, Lier! MB, et al. Evaluation of latex allergy in patients with 
meningomyelocele. Ann Allergy 1992; 69:207-211. 

85. Kelly KJ, Pearson ML, Kurup VP, 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 lmmunol 1994; 94:53-61. 

86. Mazon A, Nieto A, Estornell F, Reig C, Garcia-Ibarra F. Factors that influence the pre­
sence of symptoms caused by latex allergy in children with spina bifida. J Allergy Clin 
Immunol 1997; 99:600-604. 



456 Vandenplas et al. 

87. Cremer R, Hoppe A, Korsch E, Kleine-Diepenbruck U, Blaker F. Natural rubber latex 
allergy: prevalence and risk factors in patients with spina bifida compared with atopic 
children and controls. Eur J Pediatr 1998; 157: 13-16. 

88. Orfan NA, Reed R, Dykewicz MS, Ganz M, Kolski GB. Occupational asthma in a latex 
doll manufacturing plant. J Allergy Clin lmmunol 1994; 94:826-830. 

89. Vandenplas 0, Delwiche JP, De Jonghe M . Asthma to latex and amoxicillin. Allergy 
1997; 52:1147-1149. 

90. van der Walle HB, Brunsveld VM. Latex allergy among hairdressers. Contact Derma­
titis 1995; 32: 177-178. 

91. Archambault S, Malo JL, Infante-Rivard C, Ghezzo H, Gautrin D. Incidence of sensi­
tization. symptoms, and probable occupational rhinoconjunctivitis and asthma in 
apprentices starting exposure to latex. J Allergy Clin lmmunol 2001; 107:921-923. 

92. Truscott W. The industry perspective on latex. lmmunol Allergy Clin N Am 1995; 
15:89-122. 

93. Sanchez-Monge R, Blanco C, Perales AD, et al. Class I chitinases, the panallergens 
responsible for the latex-fruit syndrome, are induced by ethylene treatment and inacti­
vated by heating. J Allergy Clin lmmunol 2000; 106:190-195. 

94. Palosuo T, Alenius H, Turjanmaa K. Quantitation of latex allergens. Methods 2002; 
27:52-58. 

95. Tarlo SM, Easty A, Eubanks K, et al. Outcomes of a natural rubber latex control pro­
gram in an Ontario teaching hospital. J Allergy Clin lmrnunol 2001; 108:628-633. 

96. Liss GM, Tarlo SM. Natural rubber latex-related occupational asthma: association with 
interventions and glove changes over time. Am J Ind Med 2001; 40:347-353. 

97. Saary MJ, Kanani A, Alghadeer H. Holness DL, Tarlo SM. Changes in rates of natural 
rubber latex sensitivity among dental school students and staff members after changes in 
latex gloves. J Allergy Clin lmrnunol 2002; 109:131-135. 

98. Hunt LW, Kelkar P. Reed CE. Yunginger JW. Management of occupational allergy 
to natural rubber latex in a medical center: the importance of quantitative latex aller­
gen measurement and objective follow-up. J Allergy Clin lmrnunol 2002; 110: 
S96-SI06. 

99. Allmers H, Schmengler J. Skudlik C. Primary prevention of natural rubber latex allergy 
in the German health care system through education and intervention. J Allergy Clin 
lmmunol 2002: 110:318-323 . 

100. Allmers H, Schmengler J, John SM. Decreasing incidence of occupational contact urti­
caria caused by natural rubber latex allergy in German health care workers. J Allergy 
Clin lmmunol 2004: 114:347-351. 

101. Jones KP, RolfS, Sting! C, Edmunds D. Davies BH. Longitudinal study of sensitization 
to natural rubber latex among dental school students using powder-free gloves. Ann 
Occup Hyg 2004: 48:455-457. 

!02. Chen YH, Lan JL. Latex allergy and latex-fruit syndrome among medical workers in 
Taiwan. J Formos Med Assoc 2002; 101:622-626. 

I 03. Nolte H, Babakhin A. Babanin A, et al. Prevalence of skin test reactions to natural rub­
ber latex in hospital personnel in Russia and eastern Europe. Ann Allergy Asthma 
Immunol 2002; 89:452-456. 

!04. Di Lorenzo G, Vitale F. Pacor ML, et al. Prevalence of latex sensitization in health care 
workers of a general hospital in Palermo, Sicily. J Invest Allergol Clin lmmunol 2002; 
12:114-119. 

105. Nettis E, Dambra P. Soccio AL, Ferrannini A, Tursi A. Latex hypersensitivity: relation­
ship with positive prick test and patch test responses among hairdressers. Allergy 2003; 
58:57-61. 

106. Conde-Salazar L, Gatica ME, Barco L, Iglesias C, Cuevas M, Valks R. Latex allergy 
among construction workers. Contact Dermatitis 2002; 47:154-156. 

107. Vandenplas 0, Delwiche JP, Sibille Y. Occupational asthma due to latex in a hospital 
administrative employee. Thorax 1996; 51 :452-453. 



Latex Allergy 457 

108. Charous BL, Schuenemann PJ, Swanson MC. Passive dispersion oflatex aeroallergen in 
a healthcare facility . Ann Allergy Asthma Immunol 2000; 85:285-290. 

109. Grzybowski M, Ownby DR, Peyser PA, Johnson CC, Schork MA. The prevalence of 
anti-latex lgE antibodies among registered nurses. J Allergy Clin Immunol 1996; 
98:535-544. 

110. Gautrin D, Ghezzo H, Infante-Rivard C, Malo JL. Incidence and determinants of IgE­
mediated sensitization in apprentices. A prospective study. Am J Respir Crit Care Med 
2000; 162: 1222-1228. 

11 I. 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: 155:1841-1847. 

112. Porri F, Lemiere C, Birnbaum J. et al. Prevalence of latex sensitization in subjects 
attending health screening: implications for a perioperative screening. Clin Exp Allergy 
1997; 27:413-417. 

113. Hadjiliadis D, Khan K, Tarlo SM. Skin test responses to latex in an allergy and asthma 
clinic. J Allergy Clin lmmunol 1995; 96:431-432. 

114. Ownby DR, Ownby HE, McCullough J, Shafer AW. The prevalence of anti-latex lgE 
antibodies in 1000 volunteer blood donors. J Allergy Clin Immunol 1996: 97: 1188-1192. 

115. Merrett TG, Merrett J, Kekwick R. The prevalence of immunoglobulin E antibodies to 
the proteins of rubber (Hevea brasiliensis) latex and grass (Phleum pratense) pollen in 
sera of British blood donors. Clin Exp Allergy 1999; 29: 1572-1578. 

116. Saxon A, Ownby D, Huard T. Parsad R. Roth HD. Prevalence oflgE to natural rubber 
latex in unselected blood donors and performance characteristics of AlaST AT testing. 
Ann Allergy Asthma Immunol 2000; 84: 199-206. 

117. Senna GE, Crocco I, Roata C, et al. Prevalence of latex-specific lgE in blood donors: an 
< Italian survey. Allergy 1999: 54:80--81. 

118. Garabrant DH, Roth HD, Parsad R, Ying GS, Weiss J . Latex sensitization in health 
care workers and in the US general population. Am J Epidemiol 200 I; 153:515-522. 

119. Arellano R, Bradley J, Sussman G. Prevalence of latex sensitization among hospital 
physicians occupationally exposed to latex gloves. Anesthesiology 1992; 77:905-908. 

120. Wrangsjo K, Osterman K, van Hage-Hamsten M. Glove-related skin symptoms among 
operating theatre and dental care unit personnel (II). Clinical examination, tests and 
laboratory findings indicating latex allergy. Contact Dermatitis 1994; 30:139-143. 

121. Rihs HP, Chen Z, Rueff F, et al. HLA-DQ8 and the HLA-DQ8-DR4 haplotype are 
positively associated with the hevein-specific IgE immune response in health care work­
ers with latex allergy. J Allergy Clin Immunol 2002; 110:507-514. 

122. Charous BL, Hamilton RG. Yunginger JW. Occupational latex exposure: characteris­
tics of contact and systemic reactions in 47 workers. J Allergy Clin Immunol 1994; 
94:12-18. 

123. Konz KR, Chia JK, Kurup VP. Resnick A. Kelly KJ , Fink JN. Comparison of latex 
hypersensitivity among patients with neurologic defects. J Allergy Clin Immunol 
1995; 9.5:950--954. 

124. Blanco C, Carrillo T, Castillo R, Quiralte J, Cuevas M. Latex allergy: clinical features 
and cross-reactivity with fruits . Ann Allergy 1994; 73:309-314. 

125. Beuers U, Baur X, Schraudolph M, Richter WO. Anaphylactic shock after game of 
squash in atopic woman with latex allergy. Lancet 1990; 335: I 095. 

126. Fiocchi A, Restani P, Ballabio C, et al. Severe anaphylaxis induced by latex as a con­
taminant of plastic balls in play pits. J Allergy Clin Immunol 200 I; I 08:298-300. 

127. Sommer S, Wilkinson SM, Beck MH, English JS, Gawkrodger DJ, Green C. Type IV 
hypersensitivity reactions to natural rubber latex: results of a multicentre study. Br J 
Dermatol 2002; 146:114-117. 

128. Sussman GL. Tarlo S. Dolovich J. The spectrum of lgE-mediated responses to latex. 
JAMA 1991; 265:2844-2847. 



458 Vandenplas et al. 

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

130. Mansell PI, Reckless JP, Lovell CR. Severe anaphylactic reaction to latex rubber surgi-
cal gloves. BMJ 1994; 308:246-247. · 

131. Lozynsky OA, Dupuis L, Shandling B, Gilmour RF, Zimmennan B. Anaphylactoid 
and systemic reactions following saline enema administration. Six case reports. Ann 
Allergy 1986; 56:62-66. 

132. Ownby DR, Tomlanovich M, Sammons N, McCullough J. Anaphylaxis associated 
with latex allergy during barium enema examinations. Am J Roentgenol 1991; 156:903-908. 

133. Turjanmaa K, Reunala T. Condoms as a source of latex allergen and cause of contact 
urticaria. Contact Dermatitis 1989; 20:360-364. 

134. Mertes PM, Laxenaire MC, Alla F. Anaphylactic and anaphylactoid reactions occur­
ring during anesthesia in France in 1999-2000. Anesthesiology 2003; 99:536-545. 

135. Primeau MN, Adkinson NF Jr, Hamilton RG. Natural rubber phannaceutical vial 
closures release latex allergens that produce skin reactions. J Allergy Clin Immunol 
2001; 107:958-962. 

136. Beezhold DH, Reschke JE, Allen JH, Kostyal DA, Sussman GL. Latex protein: a hid­
den "food" allergen? Allergy Asthma Proc 2000; 21:301-306. 

137. Karathanasis P, Cooper A, Zhou K, Mayer L, Kang BC. Indirect latex contact causes 
urticaria/anaphylaxis. Ann Allergy 1993; 71 :526-528. 

138. Pumphrey RS, Duddridge M, Norton J. Fatal latex allergy. J Allergy Clin Immunol 
2001; 107:558. 

139. Keh C, Soon Y, Wong LS. Latex allergy: an emerging problem in theatres. Int J Clio 
Pract 2000; 54:582-584. 

140. Lagier F, Badier M, Martigny J, Charpin D. Vervloet D. Latex as aeroallergen. Lancet 
1990; 336:516-517. 

141. Ross DJ, Keynes HL, McDonald JC. SWORD '97: surveillance of work-related and 
occupational respiratory disease in the UK. Occup Med (Lond) 1998; 48:481-485. 

142. Ameille J, Pauli G, Calastreng-Crinquand A, et al. Reported incidence of occupational 
asthma in France, 1996-99: the ONAP programme. Occup Environ Med 2003; 60: 
136-141. 

143. Vandenplas 0, Binard-Van Cangh F, Brumagne A, et al. Occupational asthma in S)'mp­

tomatic workers exposed to natural rubber latex: evaluation of diagnostic procedures. 
J Allergy Clin Immunol 2001; 107:542-547. 

144. Quirce S, Swanson MC, Fernandez-Nieto M. de las Heras M, Cuesta J, Sastre J.
0
Quan­

tified environmental challenge with absorbable dusting powder aerosol from natural 
rubber latex gloves. J Allergy Clin Immunol 2003; 111:788-794. 

145. Lee A, Nixon R, Frowen K. Reduction of use of latex gloves in food handlers: an inter­
vention study. Contact Dermatitis 2001; 44:75-79. 

146. de Groot H, de Jong NW, Duijster E. et al. Prevalence of natural rubber latex allergy 
(type I and type IV) in laboratory workers in The Netherlands. Contact Dermatitis 
1998; 38:159-163. 

147. Pisati G, Baruffini A, Bernabeo F, Falagiani P. Environmental and clinical study of 
latex allergy in a textile factory. J Allergy Clin Immunol 1998; 101 :327-329. 

148. Quirce S, Fernandez-Nieto M, de Miguel J, Sastre J. Chronic cough due to latex­
induced eosinophilic bronchitis. J Allergy Clin Immunol 2001 ; 108:143. 

149. Beezhold DH, Sussman GL, Liss GM, Chang NS. Latex allergy can induce clinical reac­
tions to specific foods. Clin Exp Allergy 1996; 26:416-422. 

150. Levy DA, Mounedji N, Noirot C, Leynadier F. Allergic sensitization and clinical reac­
tions to latex, food and pollen in adult patients. Clin Exp Allergy 2000; 30:270-275. 

151. Vandenplas 0, Jamart J, Delwiche JP, Evrard G, Larbanois A. Occupational asthma 
caused by natural rubber latex: outcome according to cessation or reduction of expo­
sure. J Allergy Clin Immunol 2002; 109:125-130. 



Latex Allergy 459 

152. Delbourg MF, Moneret-Vautrin DA, Guilloux L, Ville G .. Hypersensitivity to latex and 
Ficus benjamina allergens. Ann Allergy Asthma Immunol 1995; 75:496-500. 

153. Baur X, Chen Z, Rozynek P, Duser M, Raulf-Heimsoth M . Cross-reacting lgE antibo­
dies recognizing latex allergens, including Hev b I, as well as papain. Allergy 1995; 
50:604-609. 

154. Vandenplas 0 , Vandezande LM. Halloy JL, Delwiche JP, Jamart J, Looze Y. Associa­
tion between sensitization to natural rubber latex and papain. J Allergy Clin Immunol 
1996; 97:1421-1424. 

155. Fuchs T, Spitzauer S. Vente C. et al. Natural latex, grass pollen, and weed pollen share 
IgE epitopes. J Allergy Clin Immunol 1997; 100:356-364. 

156. Ganglberger E. Radauer C, Wagner S, et al. Hev b 8, the Hevea brasiliensis latex pro­
filin, is a cross-reactive allergen of latex, plant foods and pollen. Int Arch Allergy Immu­
nol 2001; 125:216-227. 

157. Garcia Ortiz JC. Moyano JC. Alvarez M , Bellido J. Latex allergy in fruit-allergic 
patients. Allergy 1998; 53:532-536. 

158. Quirce S, Bombin C, Aleman A, Sastre J. Allergy to latex. fruit, and pollen. Allergy 
2000; 55:896-898. 

159. Chen Z, Posch A, Cremer R, Raulf-Heimsoth M, Baur X. Identification of hevein (Hev 
b 6.02) in Hevea latex as a major cross-reacting allergen with avocado fruit in patients 
with latex allergy. J Allergy Clin lmmunol 1998; 102:476-481. 

160. Blanco C, Diaz-Perales A, Collada C, et al. Class I chitinases as potential panallergens 
involved in the latex-fruit syndrome. J Allergy Clin Immunol 1999; 103:507-513. 

161. . Seppala U, Palosuo T, Kalkkinen N, Ylitalo L, Reunala T, Turjanmaa K. IgE reactivity 
to patatin-like latex allergen, Hev b 7, and to patatin of potato tuber, Sol t I, in adults 
and children allergic to natural rubber latex. Allergy 2000; 55:266-273. 

162. Kelly KJ, Kurup V, Zacharisen M, Resnick A. Fink JN. Skin and serologic testing in 
the diagnosis of latex allergy. J Allergy Clin lmmunol 1993; 91 : 1140-1145. 

163. Turjanrnaa K. Reunala T, Rasanen L. Comparison of diagnostic methods in latex sur­
gical glove contact urticaria. Contact Dermatitis 1988; 19:241-247. 

164. Hamilton RG, Adkinson NF Jr. Natural rubber latex skin testing reagents: safety and 
diagnostic accuracy of nonammoniated latex, ammoniated latex, and latex rubber glove 
extracts. J Allergy Clin lmmunol 1996; 98:872-883. 

165. Hamilton RG, Peterson EL, Ownby DR . Clinical and laboratory-based methods in the 
diagnosis of natural rubber latex allergy. J Allergy Clin Immunol 2002; 1 IO:S47-S56. 

166. Hamilton RG, Biagini RE, Krieg EF. Diagnostic performance of Food and Drug 
Administration-cleared serologic assays for natural rubber latex-specific lgE antibody. 
The Multi-Center Latex Skin Testing Study Task Force. J Allergy Clin Immunol 
1999; 103:925-930. 

167. Fink JN. Kelly KJ, Elms N, Kurup VP. Comparative studies of latex extracts used in 
skin testing. Ann Allergy Asthma Immunol 1996; 76:149-152. 

168. Turjanmaa K, Palosuo T, Alenius H, et al. Latex allergy diagnosis: in vivo and in vitro 
standardization of a natural rubber latex extract. Allergy 1997; 52:41-50. 

169. Baur X, Huber H. Degens PO. Allmers H, Ammon J. Relation between occupational 
asthma case history, bronchial methacholine challenge, and specific challenge test in 
patients with suspected occupational asthma. Am J Ind Med 1998; 33:114-122. 

170. Sterk P, Fabbri L, Quanjer P, et al. Airways responsiveness. Standardized challenge 
testing with pharmacological, physical and sensitizing stimuli in adults. Official state­
ment of the European respiratory Society. Eur Respir J 1993; 6(suppl) 16:53-83. 

171. Vandenplas 0, Malo JL. Inhalation challenges with agents causing occupational 
asthma. Eur Respir J 1997; I0:2612-2629. 

172. Kurtz KM, Hamilton RG, Schaefer JA, Adkinson NF Jr. A hooded exposure chamber 
method for semiquantitative latex aeroallergen challenge. J Allergy Clin Immunol 200 I; 
107:178-184. 



460 Vandenplas et al. 

173. Kurtz KM. Hamilton RG, Schaefer JA, Primeau MN, Adkinson NF Jr. Repeated latex 
aeroallergen challenges employing a-hooded exposure chamber: safety and reproducibi­
lity. Allergy 2001; 56:857-861. 

l 74. Laoprasert N, Swanson MC, Jones RT, Schroeder DR, Yunginger JW. Inhalation 
challenge testing of latex-sensitive health care worker~ and the effectiveness of laminar 
flow HEPA-filtered helmets in reducing rhinoconjunctival and asthmatic reactions. 
J Allergy Clin Immunol 1998; 102:998-1004. 

175. Pisati G, Baruffini A, Bemabeo F, Stanizzi R. Bronchial provocation testing in the diag­
nosis of occupational asthma due to latex surgical gloves. Eur Respir J 1994; 7:332-336. 

176. Kwittken PL, Becker J, Oyefara B, Danziger R, Pawlowski NA, Sweinberg S. Latex 
hypersensitivity reactions despite prophylaxis. Allergy Proc 1992; 13:123-127. 

177. Pereira C, Rico P, Lourenco M, Lombardero M, Pinto-Mendes J, Chieira C. Specific 
immunotherapy for occupational latex allergy. Allergy 1999: 54:291-293. 

178. Nucera E, Schiavino D, Buonomo A. et al. Latex rush desensitization. Allergy 2001 ; 
56:86-87. 

179. Pereira C, Pedro E, Tavares B, et al. Specific immunotherapy for severe latex allergy. 
Allerg Immunol (Paris) 2003; 35:217-225. 

180. Leynadier F, Herman D, Vervloet D, Andre C. Specific immunotherapy with a standar­
dized latex extract versus placebo in allergic healthcare workers. J Allergy Clin Immunol 
2000; 106:585-590. 

181. Sastre J, Fernandez-Nieto M, Rico P, et al. Specific immunotherapy with a standardized 
latex extract in allergic workers: a double-blind, placebo-controlled study. J Allergy Clin 
Immunol 2003; 111 :985-994. 

182. Beezhold DH, Hickey VL, Sussman GL. Mutational analysis of the IgE epitopes in the 
latex allergen Hev b 5. J Allergy Clin Immunol 2001; 107:1069-1076. 

183. Karisola P, Mikkola J, Kalkkinen N, et al. Construction of hevein (Hev b 6.02) with 
reduced allergenicity for immunotherapy of latex allergy by comutation of six amino 
acid residues on the conformational IgE epitopes. J Immunol 2004; 172:2621-2628. 

184. de Silva HD, Sutherland MF, Suphioglu C, et al. Human T-cell epitopes of the latex 
allergen Hev b 5 in health care workers. J Allergy Clin Immunol 2000; 105: IO 17-1024. 

185. Slater JE, Paupore E, Zhang YT, Colberg-Poley AM. The latex allergen Hev b 5 tran­
script is widely distributed after subcutaneous injection in BALB/c mice of its DNA 
vaccine. J Allergy Clin Immunol 1998; 102:469-475. 

186. Sutherland MF. Suphioglu C, Rolland JM. O'Hehir RE. Latex allergy: towards immu­
notherapy for health care workers. Clin Exp Allergy 2002; 32:667-673. 

187. Leynadier F, Doudou 0. Gaouar H, et al. Effect of omalizumab in health care workers 
with occupational latex allergy. J Allergy Clin Immunol 2004; 113:360-361. 

188. Task force on allergic reactions to latex. American Academy of Allergy and Immunol­
ogy. Committee report. J Allergy Clin Immunol 1993; 92:16-18. 

189. Mitakakis TZ, Tovey ER, Yates DH. et al. Particulate masks and non-powdered gloves 
reduce latex allergen inhaled by healthcare workers. Clin Exp Allergy 2002: 32: 
1166-1169. 

190. Tarlo SM, Sussman G, Contala A, Swanson MC. Control of airborne latex by use of 
powder-free latex gloves. J Allergy Clin Immunol 1994; 93:985-989. 

191. 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: 
I 02:841-846. 

192. Hamilton RG, Brown RH . Impact of personal avoidance practices on health care 
workers sensitized to natural rubber latex. J Allergy Clin Immunol 2000; 105:839-841. 

193. Kujala VM, Karvonen J, Laara E, Kanerva L. Estlander T, Reijula KE. Postal ques­
tionnaire study of disability associated with latex allergy among health care workers 
in Finland. Am J Ind Med 1997; 32: 197-204. 



Latex Allergy 461 

194. Potter PC, Crombie I, Marian A, Kosheva 0, Maqula B, Schinkel M . Latex allergy at 
Groote Schuur Hospital-prevalence, clinical features and outcome. S Afr Med J 2001; 
91:760-765. 

195. Bernstein DI, Karnani R , Biagini RE, et al. Clinical and occupational outcomes in 
health care workers with natural rubber latex allergy. Ann Allergy Asthma lmmunol 
2003: 90:209-213. 

196. Poulos LM, O'Meara TJ , Hamilton RG, Tovey ER. Inhaled latex allergen (Hev b I) . 
J Allergy Clin Immunol 2002; 109:701- 706. 

197. Baur X. Ammon J, Chen Z, Beckmann U, Czuppon AB. Health risk in hospitals through 
airborne allergens for patients presensitised to latex. Lancet 1993; 342:1148-1149. 

198. Chaiear N, Sadhra S. Jones M , Cullinan P. Foulds IS, Burge PS. Sensitisation to natural 
rubber latex: an epidemiological study of workers exposed during tapping and glove 
manufacture in Thailand. Occup Environ Med 2001: 58:386-391. 

199. Phillips VL. Goodrich MA, Sullivan TJ. Health care worker disability due to latex 
allergy and asthma: a cost analysis. Am J Public Health 1999; 89: I 024--1028. 

200. Ylitalo L, Alenius H. Turjanmaa K, Palosuo T, Reunala T. Natural rubber latex allergy 
in children: a follow-up study. Clin Exp Allergy 2000; 30:1611-1617. 

201. Reider N, Kretz B, Menardi G, Ulmer H, Fritsch P. Outcome of a latex avoidance 
program in a high-risk population for latex allergy-a five-year follow-up study. Clin 
Exp Allergy 2002; 32:708-713. 



NIOSH Ll8RAR" :'·'STEM 
MORGAt 1TO .. -\- .~ Liu RARY 
1095 WILLc· ·.-r 1~'.\LE ROAD 
MORGANTOWN, WV 26505 

ASTHMA 
IN THE 

WORKPLACE 
And Related Conditions 

THIRD EDITION 
edited by 

I. Leonard Bernstein 
University of Cincinnati 
Cincinnati, Ohio, U.S.A. 

Moira Chan-Yeung 
University of British Columbia 

Vancouver, British Columbia, Canada 

Jean-Luc Malo 
Universite de Montreal 

Montreal, Quebec, Canada 

David I. Bernstein 
University of Cincinnati 
Cincinnati, Ohio, U.S.A. 

(:;:\ Taylor & Francis 
~ Taylor & Francis Group 

New York London 



Published in 2006 by 
Taylor & Francis Group 
270 Madison Avenue 
New York, NY 10016 

© 2006 by Taylor & Francis Group, LLC 

No claim to original U.S. Government works 
Printed in the United States of America on acid-free paper 
10 9 8 7 6 5 4 3 2 I 

International Standard Book Number-lO: 0-8247-2977-3 (Hardcover) 
International Standard Book Number-13: 978-0-8247-2977-6 (Hardcover) 

This book contains information obtained from authentic and highly regarded sources. Reprinted material is quoted with 
permission, and sources are indicated. A wide variety of references are listed. Reasonable efforts have been made to publish 
reliable data and information. but the author and the publisher cannot assume responsibility for the validity of all materials 
or for the consequences of their use. 

No part of this book may be reprinted, reproduced. transmined. or utilized in any form by any electronic. mechanical, or 
other means. now known or hereafter invented. including photocopying. microfilming. and recording, or in any information 
storage or retrieval system. without written permission from the· publishers. 

For permission to photocopy or use material electronically from this work. please access www.copyright.com 
(http://www.copyright.com/) or contact the Copyright Clearance Center. Inc. !CCC) 222 Rosewood Drive. Danvers. MA 
01923. 978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For 

· organizations that have been granted a photocopy license by the CCC. a separate system of payment has been arranged. 

Trademark Notice: Product or corporate names may be trademarks or registered trademarks. and are used only for 
identification and explanation without intent to infringe. 

Library of Congress Cataloging-in-Publication Data 

Catalog record is available from the Library of Congress 

informa 
Taylor & Francis Group 

is the Academic Division of lnfonna pie. 

Visit the Taylor & Francis Web site at 
http://www.taylorandfrancis.com 




