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Type I Hevea brasiliensis rubber latex allergy is managed by avoidance, using synthetic and alternative
latex (such as Parthenium argentatum, guayule) products. This study investigates the ability of high-
dose occupational exposure to guayule shrub/homogenate/latex to induce guayule-specific antibody
responses in employees (Yulex Corporation). Participants completed an allergy history/guayule exposure
questionnaire and provided annual blood samples from 2006 to 2008. Sera were analyzed for IgG and
IgE anti-guayule (protein from homogenate, commercial-grade latex and non-ammoniated total plant
proteins) using solid phase immunoassays (negative = IgG < 1 �g/ml, IgE < 1 ng/ml). Guayule-specific IgG
evea brasiliensis
arthenium argentatum
uayule
atex allergy
gE antibody
gG antibody

antibody (range: 2.0–9.7 �g/ml) was detected in 3 of 16 (19%) highly exposed employees in the pilot
plant and R&D/applications laboratory. Antibody levels related to relative cumulative-years (e.g. >3) of
reported guayule homogenate/latex exposure. Equivocal IgG antibody responses (1.0–2.0 �g/ml) were
detected in 2 of 5 (40%) of administrators with infrequent guayule homogenate/latex contact. No guayule-
specific IgE antibody or guayule-associated allergic reactions were detected. We conclude that protein
from guayule and in guayule latex can be immunogenic but not allergenic in occupationally exposed
ccupational exposure workers.

. Introduction

Natural rubber latex is extensively used in commercial products
anging from airplane tires, toy balloons and condoms to protec-
ive medical gloves. While over 2500 plants accumulate rubber in

icroscopic particles, the principal source of commercially avail-
ble natural rubber latex is from the Brazilian rubber tree, Hevea
rasiliensis (Jacob et al., 1993). In the 1980s, reports of severe
mmune responses to Hevea latex proteins began appearing in
he literature. By the 1990s, allergic reactions to Hevea latex had
eached epidemic proportions (Charous et al., 1994; Grzybowski
t al., 1996; Sussman et al., 2002). Sensitization, as evidenced by a
ositive Hevea-specific IgE antibody skin test or serology, was esti-
ated to be 2.9–8.2% in the general healthcare worker population

nd as high as 12.1% in operating room workers and 56% in children
ith spina bifida (Grzybowski et al., 1996). The causes of the mete-
ric rise in the prevalence of latex allergy included increased use
f protective medical gloves due to Universal Precautions and the
esultant accelerated latex production and manufacturing of Hevea
ubber gloves. An increase in Hevea allergenic protein exposure
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led to heightened sensitization among high risk populations and
an explosion in Hevea latex allergy symptoms ranging from hives,
rhinitis and asthma to systemic anaphylaxis and death (Charous et
al., 1994; Grzybowski et al., 1996).

Since pharmacotherapy, immunotherapy and anti-IgE therapy
are ineffective, avoidance is the only effective means of manag-
ing latex allergies (Hamilton and Brown, 2000). Hevea product
manufacturers have worked to reduce the allergenic protein con-
tent and alternative non-Hevea materials are being increasingly
used. These include petroleum-based synthetic elastomers and
non-Hevea natural rubber derived from alternative sources such
as Parthenium argentatum, common name guayule (Mooibroek and
Cornish, 2000). Guayule is a shrub that is native to the Chihuahuan
desert of north-central Mexico and southwest Texas and gener-
ates a natural rubber similar in quality to H. brasiliensis. Unlike
Hevea that produces rubber particles in latex vessels which are
readily tapped, Parthenium accumulates rubber particles in its bark
parenchyma cells (Bonner and Arreguin, 1949). A latex-like rubber
particle suspension is made from the guayule bark by homoge-
nizing the whole plant and extracting the latex fraction (Yulex®
natural rubber emulsion). Purified guayule latex possesses <1% of
the protein content of Hevea latex (Cornish et al., 2006, 2008).
Moreover, about 90% of the trace protein that remains is allene
oxide synthase (Pan et al., 1995) a cytochrome P450 oxidase, that
belongs to the P450-protein family which has not been associated

http://www.sciencedirect.com/science/journal/09266690
http://www.elsevier.com/locate/indcrop
mailto:kcornish@yulex.com
dx.doi.org/10.1016/j.indcrop.2009.09.012
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ith allergic reactions in humans (personal communication, Dr. HP
ihs, BGFA, Ruhr-University-Bochum, Germany).

Because guayule latex contains 1% of the protein content of
evea latex, Yulex rubber products contain <2 �g of extractable
rotein/g dry weight product. This level is below achievable stan-
ards and quantifiable levels (<50 �g extractable protein/g dry
eight product) established for Hevea latex products (ASTM D

577-01 Standard Specification for Rubber Surgical Gloves; ASTM
3578-01 Standard Specification for Rubber Examination Gloves;

STM D6499-03 Standard Test Method for Immunological Mea-
urement of Antigenic Protein in Natural Rubber and its Products;
STM D5712-05 Standard Test Method for Analysis of Aqueous
xtractable Protein in Natural Rubber and Its Products Using the
odified Lowry Method).
At the height of the Hevea latex allergy epidemic, in the mid-

990s, guayule latex was shown to lack protein cross-reactivity
ith Hevea allergens. In vitro studies showed that Hevea latex-

pecific human IgE antibodies did not bind to guayule latex protein
Siler et al., 1996). Positive mouse and rabbit IgG anti-guayule and
uman IgE anti-Hevea latex negative control sera confirmed the
pecificity of these analyses. In vivo studies involving puncture
kin testing confirmed guayule latex to be non-allergenic in Hevea-
ensitized healthcare workers (Carey et al., 1995). Thus, Yulex®

ubber emulsion-based products are considered safe for use by
evea-sensitized individuals.

“Immunogenic” products are defined as those that elicit an anti-
ody response, principally of the immunoglobulin IgG isotype, that
as minimal clinical consequences with respect to allergies. IgG
ntibodies are primarily involved in defense against pathogens. In
ontrast, an “allergenic” product elicits IgE antibody than binds
r “sensitizes” mast cells and basophils, which are the effector
ells that mediate immediate human allergic reactions through the
elease of vasoactive mediators (Matsson et al., 2009). People pro-
uce much less IgE than IgG, but the presence of IgE antibodies can
e dangerous since it can trigger Type I or immediate-type hyper-
ensitivity reactions following subsequent exposure to allergens.
his can lead to anaphylactic shock and death. The objective of the
urrent prospective study was to investigate the immunogenic (IgG
ntibody) and allergenic (IgE antibody) potential of guayule in a
roup of occupationally exposed factory, research laboratory and
dministrative workers. The study group includes Yulex Corpora-
ion workers who have the highest known direct guayule exposure
f any single human group.

. Materials and methods

.1. Study population

Twenty-two Yulex Corporation employees completed question-
aires and provided sera during annual physical examinations
ver a 3-year period from 2006 to 2008. Participants worked in
he agriculture-processing plant with daily exposure to guayule
lants (n = 7), R&D-applications laboratory where the processed

atex was handled and applied to rubber product production (n = 9)
nd administration with only occasional guayule exposure (n = 6).
ears of employment and relative exposure at the time of blood
ollection were recorded as well as the atopic status (history of
ultiple allergies or not) and job descriptions of the participants

Table 1).
.2. Guayule latex preparations

Two to three year guayule shrubs (line AZ2) were processed
o produce a homogenate of the whole plant, a non-ammoniated
uayule latex (purified rubber particles) and a purified ammoni-
s and Products 31 (2010) 197–201

ated guayule latex protein fraction (Backhaus et al., 1991; Pan et
al., 1995). Initial homogenates were made in a four gallon Waring
blender and all secondary homogenizations were performed using
a Polytron rotor-stator, unless specified otherwise. Homogenates
were centrifuged 15 min at 6500 rpm (Sorvall RC5B centrifuge).

2.3. Guayule plant homogenate

Guayule shrubs, without roots, were harvested from fields in
Arizona, homogenized in 0.2% ammonium hydroxide–0.1% Na2SO3
and filtered through eight layers of cheesecloth. Homogenate (1 l)
was stirred (3 h) with 50 ml of 1 M Tris buffer (pH 7.5) and 50 ml
of 20% SDS, homogenized for 2 min, centrifuged and then the clar-
ified supernatant was decanted and stored (4◦, 16 h). Homogenate
(450 ml) was mixed with deoxycholate (DOC) (4.5 ml at 15 mg/ml)
and particulates were allowed to settled for 10 min. Phospho-
tungstic acid/trichloroacetic acid (90 ml) (PTA/TCA) was then added
and the mixture was incubated (30 min). The homogenate mixture
was then centrifuged, decanted and the protein pellet was stored
(4 ◦C, 16 h). The pellet (43.69 g) was resuspended in 0.2 M NaOH
(227 ml) and centrifuged for clarification, yielding a final protein
content of 78 �g/ml.

2.4. Non-ammoniated guayule latex

Guayule shrubs (792 g, 60% stem, 40% leaf) were homogenized
in 2500 ml of 100 mM Tris (pH 7.5) and 5 mM MgSO4 buffer. The
homogenate (3500 ml) was mixed with 200 ml 20% SDS, homog-
enized for 5 min and stored at 4 ◦C overnight. 1 l was mixed with
15 mg/ml of DOC (10 ml, 10 min), and PTA/TCA (200 ml, 30 min),
then centrifuged, decanted and the pellet stored (16 h, 4 ◦C). The
pellet (133.65 g) was resuspended in 143 ml phosphate-buffered
saline containing 1% SDS and centrifuged to clarify. The final protein
content was 50 �g/ml.

2.5. Purified guayule protein

Guayule latex (2.8 l, lot 10/24/2005) was mixed with 75 ml 2 M
Tris buffer (pH 7.5) and 150 ml 20% SDS, stirred overnight, homoge-
nized and centrifuged. Clarified homogenate (1040 ml) was mixed
with DOC (10.4 ml at 15 mg/ml, 10 min), then mixed with PTA/TCA
(208 ml, 30 min) and centrifuged. The pellet (83.91 g) was stored
(16 h, 4 ◦C), resuspended in 151 ml 0.2 M NaOH and centrifuged,
producing a final protein content of 52 �g/ml.

2.6. Guayule latex allergosorbents

Each guayule latex preparation was individually coupled to
CNBr-activated Sepharose-CL-4B (0.5 mg protein/ml pack parti-
cles. 2 h, 23 ◦C; 16 h, 4 ◦C) as previously described for Hevea latex
(Hamilton et al., 1995). Unreacted sites were blocked with 1 M
ethanolamine (pH 8.0, 16 h, 4 ◦C). Each sorbent was then washed
alternatively with high and low pH buffers and stored at 50% (v/v)
in phosphate-buffered saline containing 1% bovine serum albumin,
0.05% Tween 20, 0.01% sodium azide [assay buffer].

2.7. Serological studies

Sera were analyzed for human IgG and IgE anti-guayule using
methods previously reported for detecting Hevea-specific IgG and
IgE antibodies in human serum (Hamilton et al., 1995). In brief,

serum (1:50-IgG; neat-IgE) were rotated separately with the three
guayule allergosorbents (16 h, 23 ◦C). Following a buffer wash to
remove unbound serum protein, bound human IgG and IgE were
detected with radioiodinated Protein-G or anti-human-IgE, respec-
tively (16 h, 23 ◦C). Following a second assay buffer wash, bound
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Table 1
Employee IgG anti-guayule serology.

Work groupa Subject codeb Atopic historyc Job titled Maximum
years of
exposuree

Purified latex
IgG-a-guayule
(�g/ml)f

Homogenate
IgG-a-guayule
(�g/ml)g

Non-
ammoniated
latex
IgG-a-guayule
(�g/ml)h

Purified latex
IgE-a-guayule
(ng/ml)i

Homogenate
IgE-a-guayule
(ng/ml)j

Non-ammoniated latex
IgE-a-guayule (ng/ml)k

Field CT Negative Research Geneticist 10 <1 <1 <1 <1 <1 <1
FM Negative VP Agriculture 3 <1 <1 <1 <1 <1 <1
JL Positive Agriculture Director 0.5 <1 1.3 <1 <1 <1 <1

Factory NA Negative VP Manufacturing 2 <1 <1 <1 <1 <1 <1
MR Negative Pilot plant manager 7 <1 <1 <1 <1 <1 <1
CG Negative Shift Supervisor 3 2.0 8.9 3.7 <1 <1 <1
CJ Positive Maintenance 2 <1 <1 <1 <1 <1 <1
CV Negative Engineer 0 <1 <1 <1 <1 <1 <1
HJ Positive Engineer 2 <1 <1 <1 <1 <1 <1

3 <1 10.4 4.7 <1 <1 <1
4 <1 9.7 3.6 <1 <1 <1

Lab WJ Positive Sn. Scientist 3 <1 8.0 4.3 <1 <1 <1
4 <1 5.2 2.8 <1 <1 <1
5 1.0 4.4 2.3 <1 <1 <1

NK Positive Scientist 2 <1 <1 <1 <1 <1 <1
WR Negative Support Scientist 3 <1 <1 <1 <1 <1 <1
BR Negative Intern 0.5 <1 <1 <1 <1 <1 <1
FB Positive QA Technician 1 <1 <1 <1 <1 <1 <1
LU Positive Technician 1 <1 <1 <1 <1 <1 <1
BM Positive Support Scientist 0.5 <1 <1 <1 <1 <1 <1

Admin MJ Negative CEO 10 <1 <1 <1 <1 <1 <1
CK Positive Sn. VP R&D 20 1.1 1.0 1.1 <1 <1 <1
DJ Positive Exec Assistant 2 <1 <1 <1 <1 <1 <1
MJ Positive VP Tech Development 1.5 <1 <1 <1 <1 <1 <1
GT Positive VP Finance & Admin 1 <1 <1 <1 <1 <1 <1

Note: Multiple years of testing are shown only for subjects (HJ and WJ) with a positive IgG response and who volunteered for each test cycle. All other subjects had ≤3 years of testing depending on length of service.
a Volunteers are grouped by their primary work function.
b Subject codes to allow internal tracking.
c A positive history indicates that the subject has a history of multiple allergies, and may, therefore, have a greater propensity for immunogenic response than those without such a history (negative rating).
d Job title gives an indication of current responsibilities but does not necessarily reflect exposure history.
e No attempt has been made to determine an actual cumulative exposure. Exposure to any form of guayule materials was included.
f The amount of human IgG-a-guayule that recognized hydrolyzed proteins purified from ammoniated guayule latex.
g The amount of human IgG-a-guayule that recognized total plant proteins (hydrolyzed) extracted from ammoniated guayule shrub homogenate.
h The amount of human IgG-a-guayule that recognized proteins purified from non-ammoniated (non-hydrolyzed) purified guayule rubber particles.
i The amount of human IgE-a-guayule that recognized hydrolyzed proteins purified from ammoniated guayule latex.
j The amount of human IgE-a-guayule that recognized total plant proteins (hydrolyzed) extracted from ammoniated guayule shrub homogenate.
k The amount of human IgE-a-guayule that recognized proteins purified from non-ammoniated (non-hydrolyzed) purified guayule rubber particles.
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adioactivity was measured in a gamma counter. Specificity of pos-
tive IgG anti-guayule responses was confirmed with homologous
uayule competitive inhibition as previously described (Siler et al.,
996). The analytical sensitivities of the IgG and IgE antibody assays
ere 1 �g/ml and 1 ng/ml, respectively.

. Results

Participants were divided into employment groups (Table 1).
able 1 presents the participants’ work group, years of exposure to
uayule or guayule materials, atopic history, job title, and levels of
gG and IgE antibody specific for proteins extracted from purified
atex, ammoniated guayule homogenate (hydrolyzed total plant
rotein) and non-ammoniated guayule homogenate (total plant
rotein). The field group grew and harvested the guayule shrub
hich involved skin contact and inhalation of airborne plant mate-

ials. The factory group took the plant and processed it into a fine
omogenate from which the latex was purified and concentrated.
he laboratory group performed quality assurance and product
evelopment with the concentrated latex which was the highest
nticipated direct contact to guayule latex proteins. The research
aboratory scientists empirically varied latex formulations and pro-
uced prototype Yulex rubber products which involved direct
and contact with the guayule products. The administration group
orked primarily in offices, however, the Senior Vice-President of
&D (KC) had extensive skin and inhalation exposure to guayule
lants, homogenate and latex at various times over a 18-year
eriod. Some employees had worked in multiple areas. For instance,
ngineer HJ had direct guayule experience in the field, in the pilot
lant and in the research and development laboratory, and the pilot
lant manger MR had direct guayule latex contact in the laboratory
or a period of months.

The factory (pilot plant) workers all had extensive daily skin con-
act with guayule latex due to the nature of the latex purification
rocess. Of the six factory employees in the study, CG had the high-
st estimated exposure to guayule latex, with frequent contact with
quipment containing or coated with guayule materials. However,
he laboratory workers, in general, had the greatest direct contact
ith guayule latex and latex products, especially with their hands,

ver the longest time period.
In this study, guayule-specific IgG antibody ranged from <1 to

0.4 �g/ml (Table 1). No IgE anti-guayule responses were detected
n any of the sera tested, i.e. all serological analyses of IgE-a-guayule

ere <1 ng/ml.
Serological results of the study show that guayule can be

mmunogenic as evinced by the induction of guayule-specific IgG
ntibody. This required high levels of occupational exposure in the
aboratory and pilot plant, but detectable allergenicity was absent
ince no IgE antibody was detected.

. Discussion

The development of allergic symptoms results from a combina-
ion of interacting factors, including (1) the dose of the allergen,
n this case guayule proteins, (2) the duration of exposure, which
s related to the individual worker’s assignment, (3) the individ-
al’s genetic make-up or propensity to develop allergies (atopic
endency), and (4) the immunogenicity of the particular protein
r guayule component in question. Guayule-related immunogenic-
ty and allergenicity studies in humans are difficult to perform

ecause few individuals naturally encounter guayule. Furthermore,
eliberate exposure for the sake of a research investigation of

mmunogenicity is irresponsible. This prospective study examined
he only existing highly exposed human population for possible
uayule latex protein immunogenicity (IgG antibody) and aller-
s and Products 31 (2010) 197–201

genicity (IgE antibody). The study group of 21 included 12 of 21
(57%) with a history of atopic tendencies: these atopic subjects
had a history of multiple allergies and would, therefore, have been
expected to be the most likely members of the group to show an
immunogenic and allergenic response to guayule.

Results of the study confirm that given sufficient exposure,
guayule plant proteins can elicit a benign IgG antibody response
in humans (Table 1, columns 6–8). In sera from workers showing a
specific IgG antibody response, the amount of quantifiable IgG anti-
body was highest in concentration against the guayule homogenate
proteins. This protein preparation contains the totality of guayule
protein that is extractable from the plant. Workers in all Yulex
departments would be expected to have exposure to some of these
proteins, even though field workers should not be exposed to latex
proteins, and laboratory workers would rarely be exposed to leaf
or flower proteins. Thus, worker exposure to the homogenate pro-
tein group would likely be higher than to the two forms of purified
latex (non-ammoniated and ammoniated). Low IgG anti-guayule
responses of 1–2 �g/ml were observed against the residual pro-
teins in the purified latex. However, when these proteins were
concentrated, they were capable of eliciting an IgG response in
mice and rabbits (Siler and Cornish, 1994; Siler et al., 1996). The
lack of a detectable humoral immune response in workers to latex
protein, who otherwise developed an IgG antibody response to the
homogenate (total plant) proteins, probably reflects the absence
of a sensitizing dose of protein. In other words, the latex protein
levels were too low to induce an immunogenic response. More-
over, the proportion of latex protein in the homogenate was too
low to elicit an immune response, or the immunogenicity of this
protein preparation had been severely reduced by hydrolysis. This
contrasts with the history of Type I latex allergy development which
involved widespread sensitization to high levels of soluble pro-
teins in unwashed Hevea latex products. IgE antibodies responses
are readily elicited to all 13 known allergenic Hevea proteins. This
includes the rubber particle bound proteins Hev b 1 and 3 (Siler
and Cornish, 1994) which, by themselves in well leached Hevea
products, were not able to induce sensitization even with repeated
Hevea glove exposures of health-care workers (Charous et al., 1994).

In contrast to the IgG antibody response detected in three
Yulex workers to the homogenate and non-ammoniated latex pro-
teins, no IgE antibody or clinical evidence of allergic responses
were detected in these workers (Table 1, columns 9–11). Thus, the
current study was unable to find evidence for guayule protein aller-
genicity, even in atopic workers who experienced extraordinarily
high occupational exposures that greatly exceed the trace quanti-
ties of guayule protein in finished Yulex® natural rubber products.

In conclusion, guayule latex products, which are safe for use by
Hevea-sensitized individuals because of their lack of cross-reactive
protein, would be expected to remain non-allergenic in spite of long
term use of guayule products that involves multiple exposures. The
reason for this is the extremely low protein content and the general
lack of allergenicity associated with any trace proteins in guayule
natural rubber-containing products.
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