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Abstract
Latex allergy has been studied in detail in Europe and
the US over the past two decades, resulting in specific
guidelines that succeeded in reducing its incidence in
high-risk populations within the medical field. How these
developments have affected high-risk populations out-
side the health care scenario is animportant unanswered
question. In addition, a second wave of latex allergy may
occur in nations that are striving to attain higher eco-
nomic and technologic standards, including population-
dense countries such as China. Therefore, the applica-
tion of Hevea allergens in novel diagnostic assays and
the development of specific latex immunotherapy will
provide new opportunities for latex allergy research. In
this review, we summarize current knowledge on the im-
munological properties of the 13 officially accepted He-
vea brasiliensis latex allergens.

Copyright © 2005 S. Karger AG, Basel

Introduction

The latex allergy epidemic has come and gone, at least
in the highly industrialized countries of Europe and North
America. It was caused in part by the adoption of precau-

tion measures in response to the increase in viral infec-
tions such as hepatitis and HIV in the late 1980s and
1990s [1]. Present-day low prevalence rates in the USA
and in Finland suggest that the peak of the latex allergy
epidemic is over at least for health care workers (HCWs)
[2]. This is by and large due to the preventive measures
implemented following the recommendations of several
reputable research teams as well as task forces of Euro-
pean and American Allergy Associations.

Outside the health care field, the situation seems to be
different. Eighteen percent of flower greenhouse workers
reported immediate symptoms associated with wearing
latex gloves [3]. A study from Spain involving skin prick
test screening showed that 6% of construction workers
had latex allergy [4]. Latex allergy is also more frequent
in patients with food allergy. A higher percentage of latex
allergy (10.4%) was found in latex-exposed individuals
with food allergy than in those without (5.6%) [5]. In gen-
eral, atopic patients are more susceptible to latex allergy
than nonatopic individuals [6]. It is quite possible that
the prevalence of latex allergy in such risk groups outside
the medical field has developed in a different way. Nev-
ertheless, forefront research on latex allergy and the indi-
vidual latex allergens has decreased and slowed down
considerably. Justifiably so?

There are population-dense countries around the
world that are striving to attain the economical and tech-
nological status that is the norm in Europe and the US.
So the question arises whether the history of latex allergy
will repeat itself. Recent data on the high prevalence of
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latex allergy in Taiwan [7], Turkey [8], and Poland [9]
show that the increased use of latex products in these fast-
developing countries may lead to the emergence of a new
epidemic. Although the occurrence of latex allergy among
health care workers and workers in the diverse branches
of industry with frequent latex exposure is still not docu-
mented in the literature, China, India and Mexico can be
expected to encounter increased incidences of latex al-
lergy. Education and prevention measures will need to be
installed, but this will only be possible with a time lag.
Therefore, improved surveillance and testing in these
countries will be necessary to evaluate any new emer-
gence of latex allergy.

Although latex allergy represented a hot topic in al-
lergy research for a rather long period of time, specific
immunotherapy must still be considered as an experi-
mental treatment [10, 11]. Accurate diagnosis of latex
allergy, whenever possible in a component-resolved way,
is of great importance for the development and applica-
tion of any specific immunotherapy. At present, the skin
prick test (SPT) is considered the most reliable test for
the diagnosis of latex allergy [12—-14]. It is in this context
that we review the current status of knowledge about the
thirteen officially accepted latex allergens (www.allergen.
org) and present available data on their frequency of rec-
ognition or reactivity in different study populations.

Hev b 1 (Rubber Elongation Factor)

Hev b 1, a small protein of 137 amino acid residues
with a molecular mass of 14.6 kDa, was the first latex al-
lergen characterized on the molecular level [15]. Alenius
et al. [16] reported a relatively low frequency of IgE anti-
bodies to purified Hev b 1 with the exception of spina
bifida (SB) patients. In IgE immunoblot studies, these
authors observed that 67% of sera of SB patients dis-
played Hev b 1-specific IgE whereas none of the sera of
latex-allergic individuals showed any reactivity. Using
nHev b 1 in ELISA, a prevalence of 18% could be ob-
served in latex-allergic individuals. Yeang et al. [17] pro-
duced a recombinant Hev b 1 in Escherichia coli that did
not bind IgE of 19 latex-allergic individuals in immuno-
blot studies. There is only one study that recognizes Hev
b 1 not only as a major allergen for SB patients but also
as an important latex allergen for HCWs. In this study,
81% of the SB patients and 50% of the HCWSs showed IgE
reactivity to Hev b 1 [18]. More recent studies performed
with natural and recombinant Hev b 1 clearly demon-
strated that Hev b 1 was one of the major allergens of
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Hevealatex for SB patients with prevalences ranging from
54 to 100%, but that it was less important for HCWs and
other latex-allergic individuals with prevalences ranging
from 13 to 32% [19-21].

Hev b 2 ($-1,3-Glucanase)

The basic -1,3-glucanase isolated from Hevea latex
was first described by Sunderasan et al. [22] as the Hev
b 2 allergen which appeared as a doublet of 34 kDa in
SDS-PAGE and was recognized by IgE antibodies of a
latex-allergic patient. The cDNA of Hev b 2 codes for a
protein of 374 amino acid residues with N-terminal and
C-terminal extensions that are cleaved off, resulting in a
mature protein of 35.1 kDa with one putative N-glycosyl-
ation site [23]. Hev b 2 seems to be a major allergen of
Hevealatex with prevalences ranging from 38 to 65%[19,
21]. Yagami et al. [24] described that the carbohydrate
structures of Hev b 2 were the major IgE-binding epi-
topes. Based on these findings, it is not surprising that in
one study performed with a recombinant Hev b 2 ex-
pressed in E. coli only 7% positive responses were detect-
able in SPTs [25]. Nor did Raulf-Heimsoth et al. [26]
observe any responses to their recombinant Hev b 2.

Wagner et al. [27] recently observed on a molecular
level that Hev b 2 cross-reacted with a homologous pro-
tein of bell pepper, indicating that Hev b 2 is one of the
latex allergens involved in the latex-fruit syndrome.

Hev b 3

Hev b 3 is one of the latex allergens that is mainly as-
sociated with latex allergy in SB patients. A cDNA clone
encoding a protein of 204 amino acid residues with a pre-
dicted molecular mass of 22.3 kDa has been described
[28]. Hev b 3 showed 47% sequence identity with Hev
b 1[28]. The protein was produced as a recombinant pro-
tein in E. coli and a prevalence of 83% in SB patients was
found in IgE immunoblot experiments [28]. Cross-reac-
tivity of Hev b 3 and Hev b 1 was described as well [28].
Natural and recombinant Hev b 3 proteins were used in
several studies revealing similar prevalences. For SB pa-
tients, prevalences ranged from 77 to 100% and from 7
to 32% for HCWs and latex-allergic individuals [19-21,
25]. Interestingly, prevalence data of Hev b 3 highly cor-
relate with the data obtained for Hev b 1, indicating that
these proteins contain very similar IgE epitopes.
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Hev b 4 (Cyanogenic Glucosidase)

Hev b 4 comprises a triplet of IgE-binding proteins of
molecular masses of 50-57 kDa. Sunderasan et al. [29]
have recently described the component with the highest
molecular mass of this protein complex as a cyanogenic
glucosidase. Studies with natural Hev b 4 have demon-
strated that this protein was an important allergen for
HCWs as well as SB patients. Kurup et al. [19] performed
ELISA and RAST studies with nHev b 4. The preva-
lences obtained with RAST assays were lower than those
obtained with ELISAs. RAST data ranged from 30 to 46%
for SB patients and from 23 to 6 1% for HCWs versus 77%
for SB patients and 65% for HCWs with ELISAs. Natural
Hev b 4 was also used in SPTs with latex-allergic HCWs
revealing a prevalence of 39% [21].

Hevb 5

Hev b 5 was characterized as an IgE-binding protein
by two research groups at the same time. Both groups
described a cDNA encoding a protein consisting of 151
amino acid residues with a predicted molecular mass of
16 kDa [30, 31]. Slater et al. [31] produced Hevb 5 as a
recombinant protein with the maltose-binding protein as
fusion component and performed RAST assays revealing
a prevalence of 92% for HCWs and 56% for SB patients.
Further studies were performed with recombinant Hev
b 5 molecules. In CAP-FEIA tests, 68% of HCWs and
33% of SB patients showed reactivity to Hev b 5 [20]. In
SPT studies prevalences of 62 and 65% were determined
[21, 25].

Hev b 5 is one of the most important allergens of He-
vea latex and therefore indispensable for the diagnosis of
latex allergy. Pharmacia Diagnostics has reported a lower
sensitivity of their latex ImmunoCAP due to the lack of
Hev b 5. Retesting of patients’ sera with the ImmunoCAP
preparation spiked with a recombinant Hev b 5 showed
that some of the responses were stronger and some sera
testing negative became positive [32].

Hev b 6

Hev b 6.01 (prohevein) is a precursor protein consist-
ing of 187 amino acid residues that contains two do-
mains, a 4.7-kDa amino-terminal domain (Hev b 6.02
or hevein), and a 14-kDa carboxy-terminal domain (Hev
b 6.03). The precursor protein and both domains are

92 Int Arch Allergy Immunol 2005;136:90-97

present as distinct proteins in Hevea latex. Alenius et al.
[33] identified prohevein as a major latex allergen for
HCWs as well as SB patients. Banerjee et al. [34] pro-
duced all three Hev b 6 molecules as recombinant pro-
teins with the maltose-binding protein as fusion compo-
nent and demonstrated, based on ELISA experiments,
that most of the IgE-binding domains were located on
Hev b 6.02 with additional IgE epitopes on Hev b 6.03.
For SB patients, prevalences up to 50% were obtained
indicating that Hev b 6 was also an important allergen
for those children. Ylitalo et al. [35] tested nHev b 6.01
and nHev b 6.02 with sera of SB patients or other latex-
allergic children with prevalences from 58 to 86%. Ad-
ditional studies also revealed high prevalences for SB
patients ranging from 30 to 69% [19, 20]. From these
data one might conclude that Hev b 6 is as important
for SB patients as Hev b 1 or Hev b 3. For HCWs and
other latex-allergic adults, Hev b 6 is the most important
allergen besides Hev b 5 with prevalences ranging from
40 to 88% obtained in several studies [19-21, 25, 34].

Hev b 6.02 shows sequence identities of more than
50% to hevein domains of class I chitinases from fruits.
This may explain why Hev b 6 seems to be the most im-
portant allergen involved in the latex-fruit syndrome.
Cross-reactivity of Hev b 6.02 with various fruit class I
chitinases such as those from avocado and banana has
been described (reviewed in Wagner and Breiteneder
[36]).

Hev b 7 (Patatin-Like Protein)

Beezhold et al. [37] first described a 46-kDa protein
from fresh natural rubber latex that was recognized by
IgE of HCWs. Kostyal et al. [38] and Sowka et al. [39]
have cloned and expressed Hev b 7 in both E. coli and
Pichia pastoris. The two Hev b 7 proteins of 43 kDa can
be described as two isoforms because they differ in their
sequences by only seven amino acid residues. In IgE im-
munoblot studies, Sowka et al. [39] reported a prevalence
of 11% for their recombinant protein. Seppdéld et al. [40]
observed that 49% of latex-allergic individuals and less
than 1% of latex-allergic children displayed IgE to puri-
fied Hev b 7. They concluded from their results that Hev
b 7 is not an important latex allergen for children. In fol-
lowing studies using sera of SB patients it could be dem-
onstrated that Hev b 7 is an important allergen for SB
patients, with prevalences ranging from 15 to 77% [19,
41]. Recent studies have shown that for HCWs and other
latex-allergic individuals Hev b 7 seems to be an impor-
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tant allergen, with prevalences ranging from 23 to 45%
[19, 21, 25].

Hev b 7 shows about 50% sequence identity with the
important potato allergen patatin (Sola t 1), indicating a
potential cross-reactivity to this plant-derived food.
Cross-reactivity between Hev b 7 and potato patatin was
demonstrated with latex- and potato-allergic individuals
[42]. Furthermore, proteins of 44-46 kDa in tomato, po-
tato and Hevea latex, possibly patatin and patatin-like
proteins, showed cross-reactivity [43].

Hev b 8 (Profilin)

Plant profilins are important pan-allergens but there is
an ongoing discussion about the clinical relevance of IgE
binding to profilin that has to be distinguished from cross-
reactive IgE binding without evoking allergic symptoms.
Hev b 8 was first identified as an IgE-binding protein by
IgE inhibition studies [44]. Two Hev b 8 isoforms were
then described and produced as recombinant proteins in
E. coli[45, 46]. One cDNA was derived from Hevea leaf
RNA that encoded a protein of 131 amino acid residues
with a predicted molecular mass of 14.2 kDa [45] and
another from Hevea latex also encoding a protein of 131
amino acid residues but a predicted molecular mass of
14kDa[46]. Both recombinant Hev b 8 isoforms revealed
similar IgE reactivity. The ‘leaf” Hev b 8 was recognized
by sera of 20% of HCWs and 12% of SB patients in CAP
assays [45], the ‘latex’ Hev b 8 by sera of 24% of HCWs
and 6% of SB patients in Western blot analyses [46]. In a
third study, a recombinant Hev b 8 with the maltose-
binding protein as fusion component was used for SPT
studies yielding a prevalence of 3% [25].

Hev b 8 seems to be involved in the latex-fruit syn-
drome as cross-reactivity could be demonstrated to pro-
filins from celery tuber [46], banana and pineapple [47],
and bell pepper [27].

Hev b 9 (Enolase)

Hev b 9 was first identified as an IgE-binding protein
of Hevea latex by microsequencing of protein spots after
two-dimensional electrophoresis and Western blot with
latex-allergic patients’ sera [48]. The complete cDNA of
this protein encoding an enolase of 445 amino acid resi-
dues with a calculated molecular mass of 47.6 kDa was
described [49]. The cDNA showed sequence identities of
about 60% to Alt a 11 and Cla h 6, important allergens of
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the molds Alternaria alternata and Cladosporium her-
barum. Hev b 9 was produced as a recombinant protein
in E. coli and showed a prevalence of 14.5% in Western
blot analyses using sera of 110 latex-allergic subjects [49].
Furthermore, it could be demonstrated in the same study
that Hev b 9 shared IgE epitopes with Alt a 11 and Cla
h 6, indicating a possible cross-reactivity. Hev b 9 was
also produced as a recombinant protein in E. coli with the
maltose-binding protein as fusion component [20]. Cou-
pled to ImmunoCAPs, sera of SB patients and HCWs
were investigated, resulting in no response for the SB pa-
tients and 10% positive responses for the HCWs [20].

Hev b 10 (Manganese Superoxide Dismutase)

Hev b 10 was first identified as an IgE-binding protein
of Hevea latex in the same study as Hev b 9 [48]. The
c¢DNA encoding a protein of 206 amino acid residues
with a predicted molecular mass of 22.9 kDa was then
described and showed 49% identity with Asp f 6, the
MnSOD from Aspergillus fumigatus [50]. A recombinant
Hev b 10 produced in E. coli showed a prevalence of 27%
when used in Western blot analysis with sera of latex-al-
lergic subjects. In addition, cross-reactivity to Asp f 6 was
described [50]. Hev b 10 was also produced as a recombi-
nant protein in E. coli with the maltose-binding protein as
fusion component [51]. This protein was used in EASTs
with sera of SB patients and HCWs and showed a preva-
lence of 10% for SB patients and of 0% for HCWs. The
same protein was also used in CAP-FEIA experiments us-
ing sera of SB patients and HCWs. In this study, the prev-
alence for the SB patients was 0% and 3% for the HCWs
[20].

Hev b 11 (Class | Chitinase)

Fruit class I chitinases containing a small N-terminal
hevein domain are described as the most important pan-
allergens associated with the latex-fruit syndrome (re-
viewed in Wagner and Breiteneder [36]). Two cDNAs of
Hevea latex class I chitinases have been described, one
derived from Hevea latex coding for a protein of 295 ami-
no acid residues and a molecular mass of 33 kDa [52] and
another derived from Hevea leaves (Hev b 11.0102) also
encoding a protein of 295 amino acid residues but with a
predicted molecular mass of 31.6 kDa [53]. Comparison
of the amino acid residues revealed differences in eight
positions. In sequence analysis, the latex sap Hev b 11
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showed 70% identity with Pers a 1, the class I chitinase
from avocado, and 58% identity of its chitin-binding do-
main with hevein (Hev b 6.02) [52]. The chitin-binding
domain of the ‘leaf” Hev b 11 showed 56% sequence iden-
tity with Hev b 6.02 [53]. Both proteins were produced
as recombinant proteins in E. coli with the maltose-bind-
ing protein as fusion component [52, 53]. In Western blot
analyses the ‘latex” Hev b 11 showed a prevalence of 19%
[52], whereas the ‘leaf” Hev b 11 showed a prevalence of
29% in CAP assays [53]. O’Riordain et al. [52] could dem-
onstrate that the ‘latex’ Hev b 11 was weakly cross-reac-
tive with Hev b 6.02, but there are no data about a pos-
sible cross-reactivity with fruit class I chitinases.

Hev b 12 (Lipid Transfer Protein)

Lipid transfer proteins are important cross-reactive
allergens, especially in plant-derived foods. Recently,
Beezhold et al. [54] described the cDNA of a lipid trans-
fer protein of Hevea latex encoding a protein of 116 ami-
no acid residues with a calculated molecular mass of
9.3 kDa. The same research group produced Hev b 12 as
arecombinant protein in E. coli with glutathione S-trans-
ferase as fusion component. In Western blot analysis,
24% of latex-allergic individuals displayed Hev b 12-spe-
cific IgE. There are no data about potential cross-reactiv-

1ty.

Hev b 13 (Early Nodule-Specific Protein)

Recently, Arif et al. [55] have characterized an early
nodule-specific protein (ENSP) as the main IgE-binding
protein in the 42- to 46-kDa range of Hevea latex aller-
gens. The cDNA of Hev b 13 contained two possible open
reading frames. The cDNA thus coded for two possible
proteins, one consisting of 391 amino acid residues and
a calculated molecular mass of 43.3 kDa, and the second
consisting of 372 amino acid residues and a calculated
molecular mass of 41.2 kDa. With the longer open read-
ing frame, a signal peptide was predicted resulting in a
mature protein of 40.4 kDa. The molecular mass of the
native Hev b 13 was 42.9 kDa as described by mass spec-
trometry [55]. The authors speculated that the discrep-
ancy between these molecular masses was due to glyco-
sylation as the Hev b 13 sequence contained three puta-
tive N-glycosylation sites. Hev b 13 seems to be a very
important allergen for SB patients as well as HCWs. In
one study, EAST experiments were performed, withnHev
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Table 1. Panel of latex allergens and frequency of reactivity of SB
patients and other latex-allergic children

Allergen Patients Source  Method Frequency Ref.
%
Hevb 1 6 SB n IB 67 16
62 SB n EAST 81 18
58 SB r CAP 93 61
13SB n ELISA 100 19
RAST 54-85 19
9 SB r CAP 100 20
Hevb2 13SB n ELISA 54 19
RAST 38-46 19
Hevb3 35SB iy IB 83 28
13SB n ELISA 100 19
RAST 77-85 19
9 SB r CAP 78 20
Hevb 4 13SB n ELISA 77 19
RAST 30-46 19
Hevb 5 57 SB T RAST 56 31
9SB T CAP 33 20
Hevb 6 25 SB r(6.01) ELISA 48 34
25 SB r(6.02) ELISA 56 34
25 SB r(6.03) ELISA 28 34
30 LAC n(6.01) ELISA 86 35
12 SB n(6.01) ELISA 58 35
30 LAC  n(6.02) ELISA 63 35
12 SB n (6.02) ELISA 58 35
13 SB r(6.01) ELISA 69 19
RAST 30-38 19
9SB r(6.01) CAP 44 20
Hevb7 35LAC n ELISA <1 40
13SB r ELISA 77 19
RAST 15-23 19
38 SB n 1B 40 41
Hevb 8 17 SB r CAP 12 45
34 SB T 1B 6 46
9SB r CAP 0 20
Hevb9 9SB T CAP 0 20
Hev b 10 20 SB r EAST 10 51
9 SB r CAP 0 20
Hevb 11 no data
Hev b 12 no data
Hev b 13 11 SB n EAST 75 56

SB = Spina bifida; LAC = latex-allergic children; n = natural;
r = recombinant; IB = IgE immunoblot.
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Table 2. Panel of latex allergens and frequency of reactivity of
HCWs and other latex-allergic individuals

Allergen  Patients Source  Method };requency Ref.
0
Hevb 1 30 LAI n 1B <1 16
45 LAI n ELISA 18 16
103 HCW n EAST 50 18
71HCW r CAP 23 61
31 HCW n ELISA 32 19
RAST 13-19 19
40 HCW r CAP 23 20
62HCW n SPT 23 21
Hev b2 31 HCW n ELISA 65 19
RAST 48-61 19
29 LAI r SPT 7 25
62 HCW n SPT 63 21
Hev b 3 15 LAI r 1B 27 28
31 HCW n ELISA 32 19
RAST 19 19
29 LAI r SPT 7 25
40 HCW r CAP 12.5 20
62HCW n SPT 24 21
Hevb4 31 HCW n ELISA 65 19
RAST 23-61 19
62 HCW n SPT 39 21
Hevb5 13 HCW r RAST 92 31
29 LAI r SPT 62 25
40 HCW r CAP 68 20
62HCW r SPT 65 21
Hevb6 25HCW 1 (6.0 ELISA 84 34
25HCW  r(6.02) ELISA 88 34
25 HCW r(6.03) ELISA 40 34
31HCW  r(6.01) ELISA 55 19
RAST 45 19
29 LAI r ?6.01) SPT 66 25
40 HCW  r(6.01) CAP 75 20
62 HCW n (6.01) SPT 63 21
Hevb 7 36 LAI r 1B 11 39
35 LAI n ELISA 49 40
31 HCW r ELISA 42 19
RAST 23-45 19
29 LAI r SPT 41 25
62HCW n(7.01) SPT 45 21
Hevb 8 29 LAI r SPT 3 25
25 HCW r CAP 20 45
50 HCW r 1B 24 46
40 HCW r CAP 10 20
Hev b9 110 LAI r 1B 15 49
40 HCW r CAP 10 20
Hev b 10 15 LAI r 1B 27 50
20 HCW r EAST 0 51
40 HCW r CAP 3 20
Hevb 1l 57 LAI r 1B 19 52
S8 LAI r CAP 29 53
(11.0102)
Hev b 12 37 LAI r 1B 24 54
Hevb 13 53 HCW n EAST 87 56
62HCW n SPT 63 21

HCW = Health care worker; LAI = latex-allergic individual;
n = natural; r = recombinant; IB = IgE immunoblot.
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b 13 yielding prevalences of 75% in SB patients and 87%
for HCWs[56]. In another study usingnHev b 13 in SPTs,
a prevalence of 63% was found in HCWs [21]. To date,
no data are available on the influence of possible N-gly-
cans on IgE binding.

Conclusions and Future Prospects

This review of the available knowledge on 13 Hevea
latex allergens (summarized in tables 1, 2) clearly shows
that there are opportunities for further research. Two-di-
mensional gel electrophoresis of Hevea proteins followed
by IgE immunblotting has revealed the existence of fur-
ther allergens [48, 57, 58]. Progress in diagnosis using
recombinant allergens may only be limited by the ability
to express these allergens for use in high throughput di-
agnostic screening assays.

On the other hand, a change of paradigm may favor
the use of partially enriched or purified natural allergens.
No reliable recombinant proteins are available for Hev
b 2, 4 and 13. In addition, the role and importance of
glycosylation for allergenicity remains an unanswered
question for Hev b 2 and 13. Therefore, a recent SPT
study of latex-allergic HCWs relied on the use of purified
natural Hevea latex allergens [21].

The performance and reproducibility of diagnostic as-
says are highly dependent on the allergen content of the
reagents used. Low diagnostic sensitivity was related to
poorly represented and/or denatured allergens such as
Hev b 5 [59]. Although the quality of latex extracts has
improved in recent years, there is still room for further
developments [60]. In the future, the reagents of choice
may well consist of a combination of recombinant and
natural allergens.

In the next few years, it is possible that large new mar-
kets for latex allergy diagnostics and specific immuno-
therapy will open up. It is reasonable to assume that this
will provide a new incentive for basic as well as applied
latex allergy research.
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