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Purpose of review

Current state of occupational latex allergy

During the 1980s, natural rubber latex (NRL) emerged as a major cause of occupational allergy and
asthma, especially in healthcare workers using powdered NRL gloves. Increased recognition of NRL
allergies and transfer of research findings into prevention strategies resulted into an almost elimination of
this health problem. Here, the current knowledge on allergens, their use in diagnostics, prevalence data of
occupational NRL allergy and the status of prevention strategy are summarized.

Recent findings

While the current studies conducted in high-income countries show that prevention measures have reduced
NRL allergy, this does not yet apply worldwide. For latex allergy diagnosis, it is important that recombinant
allergens as reliable tools are available, because in several European countries and the United States, NRL
skin prick test extracts and powdered latex gloves for bronchial challenge test are no longer commercially
available, leading to a deficit in diagnostic tools. Due to the fact that latex is suitable with good properties
as a raw material for gloves, alternatives with significantly lower protein content and without cross-reactive

structures to latex proteins are sought.

Summary

Awareness of the sensitization risk associated with the use of latex gloves should still be present in all

occupational settings.
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The white milky sap of the rubber tree Hevea brasi-
liensis — a native of Amazon Basin - is the source of
the production of commercially natural rubber latex
(NRL) devices. The main constituent of NRL is the
polymeric hydrocarbon 1,4 cis-poly-isoprene, and
only 1-2% of the fresh weight of Hevea latex is
made up of proteins, which are heterogeneously
distributed in the latex sap [1].

These latex proteins are the source of IgE-medi-
ated sensitization which may develop into IgE-asso-
ciated type I allergy with corresponding clinical
manifestations. Depending on the route of exposure
and the type of latex contact whether by direct skin
contact or inhalation, or via mucous membranes or
vascular system the clinical manifestation range
from localized urticaria to extensive angioedema
and life-threatening anaphylaxis. Especially in
healthcare, NRL was used not only in medical devi-
ces, but also in personal protective equipment, for
example, examination and surgical gloves. A setting
in which powdered NRL gloves are used, latex pro-
teins bound to the cornstarch particles of the glove
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powder which served as a vehicle for airborne trans-
mission of the NRL proteins. The dust aerosol that
was created when donning and removing powdered
gloves provokes allergic symptoms (asthma, rhino-
conjunctivitis), especially via uptake through the
respiratory tract. In the late 1980s and 1990s, the
airborne latex allergen exposure was the major
source of latex sensitization and allergic symptoms
in healthcare workers (HCWs) and allergy to NRL
reached in this time period epidemic proportions,
especially in western industrial countries. Addition-
ally, NRL allergy has been described in several other
occupations in which protective gloves are used (e.g.
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KEY POINTS

e By strict allergen avoidance including the
implementation of powder-free and NRL-gloves with low
protein levels occupational NRL allergy can
be prevented.

e Not only in the healthcare facilities but also in other
workplaces attention and appropriate preventive
measures should be introduced to reduce the risk of
NRL sensitization and allergy.

e The deficit in diagnostic tools of NRL allergy based on
unavailability of skin prick fest extracts and powdered
latex gloves for bronchial challenge test can be partly
minimized by the application of recombinant latex
allergens in the sequence of the proposed
diagnostic algorithm.

housekeeping personnel, hairdressers, greenhouse
workers and workers in textile factories). The high
prevalence rates of NRL allergy with tremendous
health and economic implications not only in
HCWs but also in other populations with high
exposure to NRL devices, for example, children with
spina bifida or patients with other urogenital mal-
formations requiring multiple surgical interven-
tions at an early age, resulted in intensive research
efforts to identify the allergen source, characterize
the sensitization mechanisms, improve the diagno-
sis and delineate preventive strategies. Education
about this allergy in healthcare facilities combined
with the introduction of powder-free gloves with
reduced protein levels has been associated with a
decline in the number of suspected cases of NRL
allergies in the late 1990s.

More than 240 polypeptides were detected by two-
dimensional electrophoresis in latex, and 60 IgE-
binding structures were identified. At present, 26
Hevea brasiliensis allergens including isoforms and
variants with molecular weight between 4.7 and
60 kDa have been listed by the WHO/International
Union of Immunological Socities (IUIS) Allergen
Nomenclature Sub-Committee as Hev b 1-135.
(www.allergen.org) [2]. Hev b 15 - a serine protease
inhibitor — was the last Hev b allergen included in
the list [3]. Sufficient evidence exists suggesting that
various risk groups are sensitized by different NRL
allergens. It is also quite obvious that the mode of
contact with the allergenic proteins is of enormous
importance for the development of a sensitization.
HCWs can be sensitized by airborne latex allergens
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that are adsorbed on the glove powder and get into
the air by putting on and taking off the powdered
gloves. Patients with, for example, spina bifida or
multiple surgeries, on the contrary, will be sensi-
tized by the direct contact of latex-containing devi-
ces with their body fluids and mucous membranes.
Whereas Hev b 5 and Hev b 6.01 (especially the
hevein domain Hev b 6.02) were recognized as major
allergens in HCWs, patients with spina bifida have
predominantly IgE-reactivity to Hevb 1, Hevb 3 and
Hev b 5. All other allergens are of minor relevance,
but may help to complete and elucidate the diagnos-
tic picture in individual cases. With the exception of
Hevb2,4, 13 and 14, the Hevb-allergens are available
in recombinant form and commercial coupled to
ImmunoCAP (rtHev b 1, 3, 5, 6.02, 8 and 11), and
five of them (rHev 1, 3, 5, 6.01 and 8) are on the
multiplex specific-IgE screening platform [Immuno
Solid-phase Allergen Chip (ISAC)], both of them
provided by Thermo Fisher Scientific (Uppsala,
Sweden). All of these recombinant Hev b allergens
have proved successful in the in vitro-diagnostic of
NRL. With the ISAC chip, it is possible to determine
simultaneously specific IgE against these five aller-
gens with only 20 ul of serum, but the sensitivity of
this assay with respect to the detection of NRL sensi-
tization was lower compared to the conventional
currently available ImmunoCAP k82 spiked with
rHev b 5 and other methods like cellular antigen
stimulation test (CAST) [4]. By using the recombinant
single allergens in a component-resolved approach,
identification of specific sensitization profiles of var-
ious risk groups is possible.

An accurate diagnosis of NRL-induced occupa-
tional asthma is an important step to prevent the
progression and worsening of symptoms or to initi-
ate a successful intervention. The specific IgE mea-
surement with NRL extract is an important method
to diagnose latex sensitization and could be signifi-
cantly improved by addition of the major allergen
rHev b 5 as a stable recombinant protein to the NRL
extract preparation (‘spiking’” NRL extract) [5]. A
study of [6] demonstrated that high levels of IgE
specific for rtHev b 5 combined with rHev b 6.01 or
6.02 are the most accurate predictors of a bronchial
response to NRL showing better diagnostic effi-
ciency than the NRL-(k82)-sIgE ImmunoCAP. This
is important because in several European countries
and the United States, NRL skin prick test extracts
and powdered latex gloves for bronchial challenge
test are no longer commercially available, leading to
a deficit in diagnostic tools [7].

If a positive NRL-specific IgE result occurs in
patients without clinical symptoms on exposure
to NRL, determination of sIgE against cross-reactive
carbohydrate determinants (CCD) can be performed
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to clarify the origin of the IgE-binding to latex
(protein epitopes versus glyco-peptides). On the
basis of these data, a diagnostic algorithm has been
developed to discriminate between patients with
most likely clinical-relevant NRL sensitization (in
this cases avoidance of latex products is necessary)
and polysensitized patients in which the IgE-reac-
tivity to NRL is based on CCD or Hev b 8 (the
profilin) or the nonspecific lipid transfer protein
(Hev b 12) and avoidance of latex devices is not
necessary [8].

Lamberti et al. [9] studied the molecular profile
of sensitization in healthcare students with occupa-
tional exposure to latex for less than S years. They
confirmed the importance of Hevb 5 and Hev b 6.01
as clinically relevant and found that the combina-
tion of Hev b 5, Hev 6.01 and Hev b 8 identified 92%
of the latex-allergic patients in their series. Positivity
to rHev b 8 in their study was not an isolated IgE
response and always associated with positivity to
rHev b 6.01 and rHev b 5.

A recent study by Nowakowska-Swirta et al.
[10**] confirmed the importance of using recombi-
nant latex allergens (Hev b 5, Hev b 6.01/6.02 and
Hev b 8) to discriminate between a group of 26
HCWs with occupational asthma and 18 HCWs with
work-exacerbated asthma. Saleh ef al. [11] compared
specific latex IgE levels of skin test-positive from a
historic cohort (1995-2001) and a current group
(2014-2015), and found that NRL-specific IgE levels
were significantly higher in former patients with
suspected latex allergy than in former latex-sensi-
tized individuals without allergy. Unfortunately, no
recombinant allergens were tested in this study.
However, these authors also point out that the
determination of the NRL-specific IgE alone is not
sufficient for a correct diagnosis of latex allergy.

Data on reported prevalence of latex sensitization
and allergy among HCW, HCW students, dental
students and dentists by Wu et al. [12] calculated
from studies performed in different countries pub-
lished between 2009 and 2015 showed 9.7% preva-
lence of latex allergy and 12.4% for latex
sensitization (the total number of study participants
used for calculation was 19 233, and the majority of
the studies were from outside Europe and USA). A
pooled analysis of 11 epidemiological surveys pub-
lished between 2006 and 2015 evaluating the prev-
alence of NRL among HCWs with data on IgE
sensitization to NRL from different countries (eight
of these studies were conducted in developing coun-
tries) provided mean [95% confidence interval (CI)]
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prevalence estimates of IgE-mediated sensitization
(i.e. positive SPT and/or positive sIgE), and clinical
NRL allergy of 5.1% (3.1-7.4%) and 4.2% (3.0-
5.6%), respectively [7]. A study from Albania [13]
could show that among 240 dental students, 25%
were suspicious for latex gloves hypersensitivity,
skin prick test revealed a latex sensitization on
20% and airborne challenge with NRL gloves con-
firmed the allergic sensitization in 7.5% of the par-
ticipants. In a Danish study [14] focused on all
patients prick tested for NRL at the hospital
(n=28580) over time from 2002 to 2013, the preva-
lence of NRL sensitization (and clinical NRL allergy,
respectively) significantly declined from 6.1%
(1.3%) in 2002-2005 to 1.9% (0.5%) in 2006-
2009, and then to 1.2% (0.6%) in 2010-2013. Atopic
diseases were found in 84% of the NRL-sensitized
patients, and regarding occupational status, 31% of
the patients allergic to NRL were HCWs and 54%
had other jobs (e.g. teachers, hairdressers and chauf-
feurs); for 15%, the occupation was not recorded. In
a present study from southern Thailand, the amount
of proteins and the effects of NRL gloves on the
pulmonary functions of 340 female nurses were
evaluated [15™]. The prevalence of respiratory
effects self-attributed to NRL glove use and of NRL
sensitization were 6.5 and 4.7%, respectively, in this
study. Four of the 16 sensitized nurses (25%)
reported respiratory symptoms. Furthermore, exam-
ination gloves contained protein levels in the range
of 111-250mg/dm?. Different types of NRL gloves
contained different amount of proteins. NRL sensi-
tization was more prevalent in nurses with high
concentrations of proteins in NRL gloves. The
authors concluded that the use of gloves with low
proteins can reducing NRL allergen exposure in
these hospitals, which may reduce the risk of devel-
oping respiratory problems and NRL sensitization.
In general, taking all limitations into account, these
studies, pooled analysis and evaluations were able to
show that in some countries occupational latex
sensitization and allergy remains a problem [7].

Because there are no health-based exposure limit
values for sensitizing agents, the minimization
requirement applies to prevention, that is, exposure
to a potentially sensitizing agent should be reduced
or avoided. Substitution of the allergen or allergen
source can also be an effective prevention strategy.
In the case of an allergic type [ reaction, a distinction
must be made between allergen concentrations
which lead to sensitization and those which trigger
allergic symptoms. In an already sensitized person,
even any subsequent exposure to the allergen can
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trigger the allergic symptoms. In the case of NRL, the
risk of sensitization or allergic reaction to NRL can
be reduced by minimizing the amount of leachable
and especially airborne allergenic protein to which a
subject is exposed. In Germany, for example, NRL-
powdered NRL gloves or NRL gloves with high pro-
tein content were no longer allowed to be used at
workplaces since 1997 [1]. The effectiveness of these
primary preventive measures has been shown
through a clear association between powder-free
and NRL gloves with low protein levels and the
decline in the number of suspected cases of occupa-
tional NRL on a nationwide scale [16]. In addition,
the present study from Thailand [15""] demon-
strated that NRL gloves with a high protein content
elicit a higher percentage of positive responses in
latex-sensitized individuals than gloves with lower
protein residues. In January 2017, a ban on the
manufacture and sale of most powdered medical
gloves in the United States was imposed [17].

Due to the fact that latex is suitable as a raw
material for gloves and has very good properties,
new manufacturing processes, for example, by use of
deproteinized and purified NRL, clorination and
mostly high-temperature postwashing, have been
developed resulting in low-protein rubber gloves
[18]. On the contrary, research and development
are looking for alternatives to H. brasiliensis latex.
Guayule (Parthenium argentatum) latex, in particu-
lar, which contains less than 1% of the protein
content of Hevea latex and has no cross-reactivity
to Hevea allergens, has proved to be a suitable
alternative [18].

In most western countries with high income, it can
be concluded that latex allergy is a very good model
for a ‘new’ allergy — especially an occupational one —
which suddenly arises and has become a health
problem with social and economic implications,
but through targeted and evidence-based primary
prevention strategies with appropriate controls (e.g.
strict allergen avoidance), the prevalence could be
significantly reduced in a relatively short period of
time. This showed that especially the fruitful coop-
eration between clinicians, researchers, glove man-
ufacturers and authorities was successful. On the
contrary, particularly in low-income countries and
workplaces that have not yet focused attention on
NRL allergy prevention and, for example, still used
powdered latex gloves, the disease continues to be a
global concern. Although the use of gloves to pro-
tect against infections is part of everyday working
life, especially in the health sector, other working
areas in which latex gloves are also used, but risk
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awareness is not present, should receive attention
and appropriate preventive measures should also be
introduced there. NRL allergy has also attracted
attention in molecular allergy diagnostics, the so-
called ‘component-resolved diagnostic (CRD)’,
because it is an excellent model for the useful appli-
cation of recombinant single allergens for improve-
ment of routine diagnostics (via spiking of the latex
extracts with rHev b 5) and discrimination between
clinical relevant latex allergy and sero-positivity
based on cross-reactivity to panallergic components
(via application of major allergens recognized in
different risk groups).
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