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ABSTRACT:  IgE-mediated sensitization to protein allergens of natural rubber latex
(NRL) can induce immediate hypersensitivity reactions ranging from mild urticaria
to life-threatening anaphylaxis after cutaneous, mucosal or visceral exposure.  Elutable
allergens from NRL gloves adsorb to the cornstarch powder particles, become
airborne, and have the potential to cause respiratory reactions. 

Recent studies indicate that asthma is a frequent manifestation of NRL allergy
among workers manufacturing NRL materials and among health-care providers
using NRL gloves.  NRL-induced asthma should receive increasing attention as it
can lead to permanent respiratory sequelae and occupational disability.  The need
for early and accurate diagnosis is outlined and the different diagnostic approaches
are reviewed.  Specific issues pertaining to the management of affected subjects
and to the prevention of exposure to airborne NRL are discussed. 

Areas of future research should include: 1) further characterization of rele-
vant NRL allergens; 2) development and validation of methods for quantitative
assessment of allergen content in NRL devices and workplace environments; 3)
standardization of allergen extracts used for diagnostic purposes; 4) prospective
evaluation of the natural history and risk factors of NRL-induced asthma; and
5) analysis of effectiveness and cost of preventive strategies.
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Over the last decade, immunoglobulin E (IgE)-medi-
ated allergy to natural rubber latex (NRL) has been in-
creasingly recognized as a rapidly emerging public health
problem, as recently reviewed [1, 2].  Individuals with
allergy to NRL products may exhibit a wide range of
immediate reactions, from mild contact urticaria to severe
anaphylaxis.  Asthma may be part of a systemic reaction
following contact with NRL, or may result from inhala-
tion of NRL allergens.  Although, a number of clinical and
research papers on NRL allergy have been published in
recent years, relatively few studies [3–16] have specifi-
cally addressed the problems raised by asthma due to
airborne NRL.  However, NRL-induced asthma should re-
ceive further medical attention, because it can lead to
permanent functional impairment and occupational dis-
ability.  Furthermore, asthma is a frequent manifestation
of NRL allergy and represents a significant cause of occu-
pational respiratory disease among workers exposed to
airborne NRL, especially health-care providers.  This review
will focus on specific aspects of NRL-induced asthma,
with particular attention to pathophysiological mecha-
nisms, epidemiology, diagnosis, management and pre-
vention.

Natural rubber latex

NRL is widely used in the manufacturing of medical
devices (gloves, catheters, drainage tubes, anaesthetic

masks, dental dams), as well as in a variety of everyday
articles (household gloves, toys, balloons, condoms, baby
pacifiers, sports equipment, tyres, adhesives).

Composition

In the chemical industry's nomenclature, the term
latex applies to any emulsion of polymers, including syn-
thetic rubbers and plastics.  Natural rubber latex refers
specifically to products derived from the milky fluid, or
latex, produced by the laticiferous cells of the tropical
rubber tree Hevea braziliensis (family of Euphorbiaceae)
[17].  NRL consists of three main components: rubber
particles and lutoids dispersed in an aqueous serum
(cytosol).  Rubber particles are spherical droplets con-
taining polymers of cis-1,4 polyisoprene (fig. 1) coated
with a layer of hydrophylic colloid (proteins, lipids and
phospholipids).  Lutoids are vacuoles with a low inter-
nal pH that are involved in the coagulation of latex
through the release of proteins interacting with rubber
particles.  Fresh NRL consists of about 30–40% rubber
hydrocarbon and 2–3% proteins.  Two proteins involved
in the polymerization of isoprene molecules have been
identified and sequenced: prenyltransferase (38 kDa),
present both free in the cytosol as well as in associ-
ation with rubber particles, and rubber elongation factor
(REF) (14 kDa), bound to rubber particles [18].  Hevein
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(5 kDa) and hevein preproprotein (or prohevein, 20 kDa)
are major proteins of the lutoid bodies.  Hevein has chitin-
binding properties and inhibits the growth of chitin-
containing fungi [19].   Hevamine (29 kDa), an enzyme
with lysozyme/chitinase activity, has also been isolated
from the lutoids [20].  NRL contains a number of other
proteins, whose structure and function have not been
identified.

Processing

Ammonia is added to the fresh latex obtained by tap-
ping the rubber tree to prevent coagulation and putre-
faction.  The resulting substance is then concentrated to
obtain a 60% rubber content by centrifugation.  Further
processing of concentrated NRL varies considerably
according to the desired properties of the finished prod-
uct, but usually includes the following three steps: com-
pounding, coagulation and vulcanization.  Compounding
involves the addition of a variety of chemicals, including
antioxidants (e.g. paraphenylenediamine), accelerators (e.g.
zinc oxide, thiurams, dithiocarbamates, mercaptobenzoth-
iazole), fillers, pigments, emulsifiers and other ingredi-
ents.  Some of these compounding agents can cause
delayed type-IV hypersensitivity [21].  The concentrated
liquid NRL is converted to a solid form during the coag-
ulation, or curing, process by dehydration and/or addition
of acids, metal ions, or surface active agents.  Vulcanization
consists of a heat-catalysed cross-linking of the cis-1,4
polyisoprene chains by sulphur bridges; this imparts the
characteristic property of rubber elasticity.  NRL articles
are produced by dipping or extrusion/compression mould-
ing.  Typically, gloves are manufactured by dipping porce-
lain 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 waterbaths to extract water-soluble proteins and

processing chemicals.  Finally, they undergo the vulcan-
ization process.  The gloves can be depowdered through
a chlorination wash.

Pathophysiology

The first well-documented case of asthma induced by
NRL gloves was reported by SEATON et al. [3] who
postulated that the offending agent was terpene vapour.
There is now convincing evidence both from in vitro
and in vivo experiments that NRL proteins can bind to
cornstarch glove powder [7], and function as airborne
allergens inducing respiratory reactions through an
IgE-mediated mechanism [5, 6, 9].  Maize allergens in
cornstarch powder [22, 23], and ethylene oxide used for
sterilization [24, 25], have been reported as possible
causes of immediate allergic reactions to gloves, but these
allergens have never been convincingly shown to induce
asthma by specific inhalation challenges (SICs).

NRL allergens

The relevant NRL allergens are complex and yet in-
completely characterized [1, 2, 26].  Immunoelectrophor-
etic studies conducted by several groups of investigators
have identified IgE-binding proteins with molecular
weights ranging 2–100 kDa in raw NRL and eluates
from NRL finished products [9, 27–34).  Antigenic pep-
tides with molecular weights of 10, 14, 20, 24, 30, and
55–66 kDa have been identified most consistently.
Variations in protein antigen profiles may be due to dif-
ferences in source materials.  For instance, glove extracts
contain protein antigens that are not detected in crude
NRL and that could be formed during glove manufac-
ture [29, 32].  Methods for extracting and identifying
antigen from NRL products are also likely to affect the
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Fig. 1.  –  Chemical structure of natural rubber latex (cis- 1,4 polyisoprene) as opposed to gutta percha (trans-1,4 polyisoprene),



results.  Furthermore, discrepancies may have resulted
from differences in the immune sera (e.g. patients with
spina bifida vs health-care workers) used to detect anti-
genic proteins. Thus, the pattern of IgE response varies
considerably between subjects with NRL allergy, pos-
sibly as a result of differences in the patients' mode of
sensitization [34, 35]. Although no clear association has
been demonstrated between the pattern of IgE response
to NRL proteins and a specific clinical syndrome of
NRL allergy, a 27 kDa antigen eliciting specific IgE in
subjects with spina bifida but not in health-care workers
has been shown in some studies [33].  Immunoglobulin
G4 (IgG4) antibodies against NRL proteins have also
been detected in the serum of NRL-sensitive subjects
[36], but their pathophysiological relevance remains to
be determined. Among the proteins identified in NRL,
rubber elongation factor (14 kDa) and prohevein (20 kDa)
have so far been documented as relevant allergens invol-
ved in IgE-mediated allergy to NRL [37, 38].

Several reports indicate that NRL allergens may cross-
react with latex from the weeping fig (Ficus benjamina)
[39], and various fruits (banana, avocado, passion fruit,
kiwi and chestnut) [40–44].  A recent study suggests that
NRL and fruits have common epitopes on 30 kDa pro-
teins [45].

Exposure to airborne NRL allergens

Clinical manifestations of NRL allergy vary accord-
ing to the route of NRL antigen presentation [46].  Cutane-
ous exposure to NRL causes local urticaria but may
progress to systemic reactions.  By contrast, mucosal,
visceral and parenteral exposure usually lead to more
severe systemic reactions.  Anaphylactic reactions have
been described during gynaecological, surgical and den-
tal procedures [47–51], as well as during barium enema
examinations using NRL balloon-tipped catheters [52,
53].  The possibility that glove-powder particles act as car-
riers of NRL allergens was first suggested by LAGIER et
al. [5] and BAUR and JAEGER [6] based on inhalation chal-
lenges.  This was further substantiated by TURJANMAA et
al. [7] who demonstrated that glove powder contains NRL
allergens.  Using an inhibition assay, SWANSON et al. [11]
recently quantified airborne NRL allergens collected with
personal and area samplers at various work sites in a
hospital.  The amount of airborne NRL allergens roughly
correlated with the frequency of glove use, although con-
siderable variation was found among subjects with the
same type of job.  Substantial amounts of allergens were
recovered from coats and surgical scrub suits, suggest-
ing 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.
The authors found that airborne allergens were predom-
inantly of high molecular weight (70–100 kDa), although
it has not yet been shown that subjects with asthma are
more specifically sensitized to these allergens as com-
pared with subjects with other symptoms of NRL allergy.
Workplace exposure to airborne NRL has also been

documented to result from inhalation of dust generated
by grinding NRL articles [13].  According to our clinical
experience, nonoccupational exposure to airborne NRL
is rare, but it may result from bursting toy balloons.  A rec-
ent study, however, provides preliminary evidence that
NRL allergens could be present in respirable particulate
air pollution resulting from the abrasion of rubber tyres
on road surfaces, although their role in the development
of respiratory hypersensitivity to NRL requires further
investigation [54].

Epidemiology

Prevalence

Populations at increased risk for developing NRL hy-
persensitivity include healthcare workers, rubber-industry
workers and subjects undergoing multiple surgical pro-
cedures, especially children with spina bifida and uro-
genital abnormalities (table 1).  Prevalence figures for NRL
allergy have ranged 2.9–17% among hospital employees
[14, 55–58], and 11% among glove-manufacturing work-
ers [8], in studies using skin prick-tests (SPT) as the con-
firmatory procedure.  NRL allergy has been demonstrated
in 32–50% of children with spina bifida by SPT [59, 60],
or serological testing [2].  The prevalence of sensitiza-
tion to NRL in the general population ranged 0–9% ac-
cording to the atopic status of the selected populations
(table 1) [55, 57, 59, 61].  The dramatic rise in incidence
of sensitization to NRL observed during the last decade
is probably related to the increased use of NRL devices
as a protective barrier against viral infections.  Other pos-
sible determinant factors are the increased recognition of
NRL allergy by exposed workers and clinicians, changes
in manufacturing methods, and discontinuation of steam
sterilization.

NRL-induced asthma has been described primarily
among workers manufacturing or using gloves.  Occupa-
tional asthma has been diagnosed in 6% of workers in
a glove-manufacturing plant on the basis of positive SPT
associated with changes in spirometry and nonspecific
bronchial responsiveness related to workplace exposure,
although the diagnosis was not confirmed by SIC [8].
We recently surveyed 273 out of 289 employees of a
primary care hospital, including nurses, members of the
cleaning staff, and laboratory technologists, in order to
assess the prevalence of occupational asthma due to NRL
[14].  The study included a standard questionnaire, SPT,
assessment of nonspecific bronchial responsiveness to
histamine and SIC with latex gloves in a stepwise pro-
tocol.  SICs with latex gloves elicited an asthmatic reac-
tion   (four immediate and three dual reactions) in 7 out
of 12 subjects with NRL allergy.  This survey shows that
NRL-induced asthma represents a significant respiratory
health hazard as it may occur in 2.5% (95% confidence
interval (95% CI) 1.0–5.2%) of hospital employees.
Furthermore, our data indicate that asthma is a fairly
common manifestation of NRL allergy among health-
care workers.  These findings are consistent with those
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from BUBAK et al. [62] who found that 22% of health-
care workers evaluated for NRL allergy reported asthma
symptoms.  Respiratory reactions to NRL are likely to oc-
cur in nonmedical environments where NRL gloves are
used as a protection against irritant chemicals [28, 63],
although epidemiological data are lacking.

Although powdered NRL gloves represent the most
frequent source of exposure to airborne NRL, the possi-
bility of respiratory hypersensitivity reactions to NRL in
other industrial environments should be considered.  In
a recent survey, NRL-induced asthma was documented in
2 out of 22 workers exposed to NRL dust in a latex-doll
manufacturing plant [13].

Risk factors

Both environmental and host factors can predispose
to immunological sensitization and asthma due to high
molecular weight agents [64].  Factors determining the
development of asthma among subjects with NRL allergy
are unknown.  A clear dose-response relationship between
exposure to NRL and IgE-mediated sensitization has not
yet been demonstrated [14], although the highest preva-
lence rates of NRL allergy have been found in operating
room nurses and physicians, who presumably have the
highest level of exposure [55, 56].  Assessment of expo-
sure based on self-reported use of NRL gloves may not

reflect the actual level of exposure [14], since colleagues
working in the same environment represent a significant
source of airborne allergen.  Immunological techniques
for quantitative assessment of environmental NRL aller-
gens [11] could help to further clarify exposure-response
relationships.

In addition to repeated exposure to NRL products, atopy
seems to be the principal determinant for the develop-
ment of NRL sensitization.  Atopy (defined either by
SPT to common inhalant allergens or by history) is 2.2–
4.9 fold more frequent in health-care personnel with NRL
allergy than in their co-workers without NRL allergy [14,
55–58].  However, the predictive value of atopy with re-
gard to the presence of immunologic sensitization and
occupational asthma due to NRL is low.  In our survey,
only 10% of atopic hospital workers had NRL allergy
[14].

Pre-existing dermatitis of the hands, frequently caused
by the nonlatex components of rubber gloves [21], is
thought to enhance the risk of NRL allergy by facili-
tating the transcutaneous passage of NRL proteins.  Hand
eczema has been found 2.3–4.2 fold more frequently in
subjects with NRL allergy than in their nonallergic co-
workers [14, 55, 58].  At present, no epidemiological data
exist to support the inclusion of allergy to fruits as an
independent risk factor for NRL allergy, although in
some cases allergic manifestation to fruit ingestion may
precede the onset of NRL allergy [41, 43].
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Table 1.  –  Prevalence of allergy and occupational asthma due to NRL

NRL-induced
Subjects studied NRL occupational 

allergy* asthma
Populations n % % [Ref]

NRL industry workers
Glove manufacture 64 10.9 6.0 [8]
Doll manufacture 22 9.0 9.0 [13]

Health-care workers
Hospital employees (operating rooms, laboratory) 512 2.8 [55]

Operating room nurses 71 5.6 [55]
Surgeons 54 7.4 [55]

Operating room nurses 197 10.7 [56]
Physicians (surgeons, anaesthesiologists, laboratory) 101 9.9 [57]
Hospital employees 224 16.9 [58]
Hospital employees 273 4.7 2.5 [14]

Multiple surgical procedures
Spina bifida children 25 32.0 [59]
Spina bifida children 83 50.6 [60]
Spina bifida children 93 37.6 [2]

General population
Patients of a dermatology clinic 130 0.8 [55]
"Control subjects" 207 0 [61]
Nonatopics (allergology clinic) 272 0.4 [59]
Atopics (allergology clinic) 180 9.4 [59]
Atopics (allergology clinic) 100 3.0 [57]

*: skin-prick tests were used as the confirmatory procedure in order to establish IgE sensitization to NLR except in one
study (see [2]) based on in vitro assessent of specific IgE.  NLR: natural rubber latex. 



Diagnosis

Several diagnostic procedures can be used to confirm
occupational asthma, including history-taking, immuno-
logical testing, and direct assessment of the relationship
between exposure and bronchial reaction through moni-
toring of peak expiratory flow rates (PEFR) or SIC [65].

History

The clinical history proved to be a sensitive but not a
specific diagnostic tool in the individual assessment of
occupational asthma [66]. In the case of NRL-induced
asthma among health-care workers, it is our experience
that the clinical history is often misleading.  The work-
relatedness of asthmatic symptoms can be confused by
the fact that exposure to airborne NRL allergens is inter-
mittent.  Hospital workers have varied and sliding shifts,
and the type of professional activity varies greatly from
one day to the next and from one shift to another with-
in the same hospital department.  On the other hand, NRL
often remains unidentified as the responsible agent because
exposure may be indirect, resulting from inhalation of
NRL allergens disseminated in the air by co-workers using
latex gloves.  We observed one such case where occupa-
tional asthma was caused exclusively by indirect expo-
sure to NRL allergens in a medical secretary, who did
not use gloves [16].  Subjects with skin allergy to NRL
often ascribe their asthma to substances other than NRL
because they still experience asthma at work despite hav-
ing switched to NRL-free gloves.

Immunological tests

At present, in vitro measurement of NRL-specific IgE
using  radioallergosorbent test (RAST) or  enzyme-linked
immunosorbent assay (ELISA) methods is less reliable
than SPT.  The sensitivity of in vitro tests ranged 14–84%
as compared with SPT [9, 56, 59, 60, 67].  Although
anaphylactic events have been reported after SPT with
NRL extracts [60], most investigators agree that SPT
can be performed safely, and should be, for the time being,
the recommended procedure for demonstrating IgE sen-
sitization to NRL.  Nevertheless, because our knowledge
of the major NRL allergens is incomplete, in vivo and
in vitro immunological tests are not yet standardized.
The reliability of commercially available and home-made
NRL extracts has not been thoroughly assessed.

Positive SPTs to NRL reflect IgE-mediated sensitiza-
tion, but do not necessarily indicate that the target organ
(i.e. the bronchi) is involved.  We have observed NRL-
allergic subjects with urticaria and rhinitis who did not
show bronchial reactivity to NRL during prolonged SIC
with NRL gloves, even though they had marked non-
specific bronchial hyperresponsiveness.

Assessment of exposure-asthma relationship

Diagnosing asthma due to occupational agents, includ-
ing NRL, has considerable medical, professional, and

financial consequences [68], and should, therefore, rely
on the most reliable tests [65].  Serial monitoring of PEFR
is an easy method for demonstrating workplace asthma,
but it may not always allow for the precise identifica-
tion of the causal agent.  Such identification, however, is
essential for prevention, because health-care workers are
exposed to a variety of substances that can cause asthma,
including biocides and pharmaceutical agents [69].
SIC remains a useful method in establishing the diag-
nosis of occupational asthma due to NRL [10] and other
workplace agents [65].  Subjects have been challenged
either by handling NRL gloves [5, 9, 14, 15], or by inhal-
ing aqueous extracts of gloves [4, 10].  At present, no
standardized methodology exists for performing SIC
with NRL, since standardization would require quan-
tifying the amount of allergen administered to the sub-
jects.  We choose to expose health-care workers by  having
them handle NRL gloves [10, 14, 15], because this method
is more likely to reproduce the mode of exposure encoun-
tered in the workplace (i.e. airborne particles) than is the
inhalation of nebulized glove extracts proposed by some
investigators [4, 10].  Recently designed aerosolization
devices [70] could be used to produce steady concen-
trations of respirable NRL dust.  Quantitative assessment
of airborne NRL allergens are warranted in order to com-
pare the level of exposure during SIC to that found in the
workplace [11].

So far, the "handling" method has proved to be both
simple and safe.  After a control exposure to vinyl gloves,
the subjects are asked to open glove bags and handle the
gloves in a challenge room while they wear vinyl gloves
in order to avoid unnecessary skin reactions. The dura-
tion of exposure is progressively increased and spiro-
metry is monitored in order to prevent unduly severe
asthmatic reactions.  Using this methodology, we have
challenged 27 health-care workers with NRL allergy,
including 11 who did not report a history of occupational
asthma.  Exposure to NRL gloves elicited an asthmatic
reaction in 15 out of 16 subjects with a history of occu-
pational asthma and in 5 out of 11 subjects without such
a history.  These results, together with those of a previous
survey of occupational asthma due to psyllium among
nurses [71], suggest that, at least in the case of health-
care workers, SICs can be more sensitive than the clini-
cal history, and allow for the identification of subjects
with latent bronchial reactivity to NRL.  SICs caused no
systemic adverse events, even among the six subjects
who had a history of anaphylactic reaction after expo-
sure to NRL or ingestion of fruits.  The pattern of bronchial
responses to NRL gloves included immediate (n=14),
dual (n=5), and isolated late (n=1) reactions.  Isolated late
reactions have also been described in subjects challenged
with low doses of common inhalant allergens [72].

Management

At present, we lack specific information on the out-
come of subjects with NRL-induced asthma.  Most stud-
ies on occupational asthma caused by other substances
have shown that persistence of exposure to the causal
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agent resulted in worsening of airway obstruction and
nonspecific bronchial hyperresponsiveness [73], even in
subjects whose exposure to the offending agent was re-
duced [74, 75].  Therefore, complete and definitive remo-
val from exposure is the most effective treatment, and it
should be strongly recommended to subjects with NRL-
induced asthma.  However, strict avoidance of exposure
is difficult to implement in the case of health-care work-
ers with asthma due to NRL gloves.  Firstly, personal avoid-
ance of NRL gloves does not prevent exposure to airborne
NRL, which may result from inhalation of NRL-conta-
minated cornstarch powder particles disseminated in the
air by co-workers handling NRL gloves [11].  Secondly,
widespread use of NRL-free gloves is so far precluded.
Vinyl gloves are not as strong as latex gloves, nor do
they provide a satisfactory tactile feel.  Other synthetic
elastomer gloves have satisfactory mechanical and tac-
tile properties, but are much more expensive than NRL
gloves.  Hence, strict avoidance of exposure to airborne
NRL most often means change of jobs, which can have
considerable socioeconomic repercussions for health-care
workers, as they are often highly trained professionals.

When affected subjects do not agree to complete removal
from NRL exposure, procedures aimed at reducing the
level of airborne NRL allergens in the working envi-
ronment should be considered.  It has been shown that
the protein and allergen content can be lowered by wash-
ing the gloves during the manufacturing process [76, 77],
although it is doubtful that NRL gloves can be 100%
allergen-free.  Furthermore, it is not known whether the
allergenic proteins found in NRL contribute to the physi-
cal properties of finished products, nor whether the removal
of these proteins will alter these physical properties.
Lowering the amount of cornstarch powder on gloves
may also contribute to a reduction in the release of air-
borne latex allergens [11, 12].  

Using inhalation challenges, we recently evaluated in
vivo whether NRL gloves with a reduced protein con-
tent could be effective in the prevention of asthmatic

reactions in health-care workers with NRL-induced asth-
ma [15].  Eight subjects were exposed by handling the
brand of powdered NRL gloves causing asthma at work
and various brands of gloves with a lower protein con-
tent, either powdered, low-powdered, or nonpowdered.
Exposure to low-protein gloves, either powdered or not,
did not elicit bronchial response in 6 out of 8 subjects.
In the remaining two subjects, only one brand of low-
powdered, low-protein gloves induced an asthmatic
reaction.  Even in these two subjects, the low-powdered gloves
resulted in a reduced bronchial response, since the dura-
tion of exposure required to provoke an asthmatic reaction
was significantly longer than for the regular powdered
gloves.  This study shows that exposure to gloves with a
lower protein content reduces, but does not abolish, the
risk of asthmatic reactions in health-care workers with
NRL-induced asthma.  Furthermore, our data suggest that
reducing the amount of cornstarch powder alone should
not be considered sufficient to prevent asthmatic reactions,
since low-powdered gloves induced asthma in two sub-
jects whilst powdered gloves did not. 

NRL gloves with reduced content in allergen and/or
powder are often referred to as "hypoallergenic" by manu-
facturers, although this label is not precisely defined and
requires to be regulated.  The use of "hypoallergenic" gloves
should be recommended to the colleagues of subjects
with NRL-induced asthma when they do not accept the
switch to NRL-free gloves.  However, the safety of such
"hypoallergenic" gloves should be properly evaluated on
an individual basis, since highly sensitive subjects may
still develop asthma after prolonged exposure [15].

From a practical point of view, subjects with NRL-
induced asthma should be encouraged to use only NRL-
free gloves.  Furthermore, every effort should be made to
reduce indirect exposure to airborne NRL when  complete
avoidance cannot be achieved.  Examination gloves are
a significant source of airborne NRL outside operating
rooms and should, therefore, be systematically replaced
by vinyl or other synthetic gloves.  Sterile surgical gloves
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Table 2.  –  Nonexhaustive list of NRL-free gloves and NRL gloves with a reduced protein content

Trade name Type Material Manufacturer 

NRL-free gloves
Dermaprene S Neoprene Ansell Medical
Neolon S Neoprene Becton-Dickinson
Tactylon S/E Styrene ethylene butylene Smart Practice
Triflex S Polyvinylchloride Baxter Healthcare Corp.
SensiCare E Polyvinylchloride Becton-Dickinson
TruTouch E Polyvinylchloride Becton-Dickinson

NRL gloves with a lower protein content
Gammex S Powdered NRL Ansell Medical
SensiTouch* S Powdered NRL Ansell Medical
NuTex* S Non-powdered NRL Ansell Medical
Triflex* S Low-powdered NRL Baxter Healthcare Corp.
Sempermed Senso S Powdered NRL Semperit
Sempermed Ultra S Non-powdered NRL Semperit

NRL: natural rubber latex; S: sterile surgical gloves; E: nonsterile examination gloves.  *: these brands of gloves
have been tested using inhalation challenges in subjects with NRL-induced asthma (see [15]).  Information included
in this table has been provided by manufacturers.



with a lower protein content should be used by all staff
members working in the environment of affected sub-
jects.  However, further investigation is required in order
to determine whether reduction of exposure to airborne
NRL allergens makes it possible to prevent deterioration
of asthma.  Table 2 provides a non-exhaustive list of those
NRL-free gloves and low-protein content gloves that are
available in European countries.  In addition to prevention
of inhalation exposure, subjects with NRL-induced asth-
ma should be instructed to avoid direct contact with NRL
materials in everyday life according to recently published
recommendations [2].

Prevention

The keystone of prevention should be primary pre-
vention strategies aimed at controlling NRL exposure in
order to avert IgE sensitization and asthma [78].  The
use of NRL-free materials is undoubtedly the most
effective means of preventing sensitization to NRL, but
does not appear to be feasible at the present time for the
above-discussed reasons.  On the other hand, reducing ex-
posure to NRL remains a challenging problem because
the relevant allergens have not been precisely identified
and characterized.  Immunological methods for quanti-
tative in vitro assessment of allergen content in NRL
devices [77] have not yet been validated, and it remains
uncertain whether their results correlate with the in vivo
effects.  On the other hand, the content in total protein
of NRL products does not accurately reflect their aller-
genic content [15, 76, 79].  Furthermore, the threshold
dose of airborne NRL causing bronchial sensitization is
not known.

Secondary prevention involves identification of dis-
ease at an early stage in order to minimize long-term
impairment and disability.  The high prevalence of NRL
allergy among exposed workers justifies regular medi-
cal surveillance by immunological assessment and ques-
tionnaire.  Although the natural history of NRL-induced
asthma remains largely unknown, there is some sugges-
tion that health-care workers have a progression of symp-
toms from cutaneous reactions to rhinoconjunctivitis
and asthma. Among 14 subjects with confirmed NRL-
induced asthma, we found that the inaugural symptoma-
tology was urticaria in four subjects, urticaria associated
with rhinitis in six subjects, rhinitis in 2 subjects and
asthma in two subjects.  Rhinitis preceded the onset of
asthma by an average of 6 months (range, 2–20 months).
At present, it is not known whether subjects with urti-
caria and/or rhinitis will develop asthma if they remain
exposed to low levels of airborne NRL.  It has been doc-
umented that in sensitized subjects, repeated exposure
to low doses  of common inhalant allergens that do not
cause asthmatic reactions can induce an increase in
nonspecific bronchial hyperresponsiveness [80].  Hence,
follow-up studies of subjects with asymptomatic bron-
chial reactivity to NRL are required to determine whether
persistence of exposure will result in worsening of bron-
chial hyperresponsiveness and clinically evident asth-
ma.

Conclusions

In conclusion there is accumulating evidence that airborne
NRL represents a significant cause of occupational  asthma
among workers manufacturing NRL materials and those
using NRL gloves.  Considering the number of exposed
workers throughout the world, especially health-care provi-
ders, NRL-induced asthma should be considered a cause
of major medical concern.  Furthermore, the condition may
lead to considerable socioeconomic consequences.  Preven-
tive strategies are, therefore, urgently required to reduce
exposure to NRL allergens below the level that elicits reac-
tions in already sensitized subjects and, preferably, below
the level that initiates sensitization.

Further characterization of relevant NRL allergens
should be considered a priority, since greater know-
ledge of the relevant allergens will make it possible to:
1) develop methods for quantitative assessment of aller-
gen content in NRL devices and workplace environments;
2) help glove manufacturers to reduce the NRL-allergen
content of their products; and 3) establish international
quality standards and precise labelling regulations for
NRL gloves.  Alternatively, the development of synthetic
rubber gloves with satisfactory mechanical properties at
lower expense should be encouraged.  Prospective stud-
ies are warranted in order to determine the natural his-
tory and risk factors of NRL-induced asthma and to assess
the cost and effectiveness of preventive measures.
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