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Serological aspects of latex allergy.
Some recent developments
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SUMMARY: Since IgE antibodies were shown to be involved in adverse reactions to natural
rubber latex, extensive studies of the allergens and antibodies have made latex allergy a model
systemn for IgE serology. Although IgE antibody patterns are individual it is clear that they
are influenced by the route and the intensity of the exposure. A range of IgE binding proteins
are identified and their role in allergy to natural rubber latex, to latex products, and to more
or less related food products are under study. Allergen-specific IsE antibodies can be quan-
titated in serum, and testing should always be considered in the investigation of suspected
latex allergy, in food allergy in children, and in urticaria and anaphylaxis of unknown cause.
The clinical efficiency of specific IgE antibody measurement (Pharmacia CAP System™ is
high in children and adults, with and without occupational exposure, and in spina bifida
patients, Compiled data from 11 published studies show agreement with clinical judgement

in 483 /524 cases (92.2 %).

KEY-WORDS : Latex - IgE antibody - Pharmacia CAP System.

REEVALUATION OF LATEX REACTIONS

Almost 20 years after the reevaluation of adverse
reactions to natural rubber latex and the inclu-
sion of immediate type-IgE mediated reactions
among the major mechanisms, this area has
become one of the most intensively studied in the
field of IgE mediated allergy. Recent reviews [16,
14, 26] cover medical, chemical, and immunolo-
gical aspects of the disease as well as a look into
the molecular biology of the plant materials used
as source materials for the rubber. These mate-
rials are also used for in vivo testing and as rea-
gents in immunoassays for the detection and
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quantitation of latex rubber specific antibodies in
serum specimens of individuals with suspected
allergic reactions caused by rubber products.

EARLY IgE ANTIBODY MEASUREMENTS

Specific IgE antibodies to natural rubber latex
and to glove material were detected by radioim-
munoassay [12]. Patients with contact urticaria
were shown to have IgE antibodies by radioaller-
gosorbent test using an extract from the rubber
tree, Hevea brasiliensis [27]. Further studies on
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specific IgE against natural rubber latex by means
of a histamine release assay as well as by immu-
noenzymatic methods suggested that the allergen
could be a protein present in the crude natural
rubber latex [7].

IgE ANTIBODY PREVALENCE

Children with spina bifida were shown to be at
high risk of developing IgE specific for rubber
antigens. Furthermore, the presence of rubber-
specific IgE was associated with a higher fre-
quency of rubber-associated allergic reactions
{23]. Recent studies have reported that the pre-
valence of latex allergy among health care wor-
kers ranges from 2 % to 25 %. The prevalence of
anti-latex IgE antibodies in nurses participating
in a latex allergy study was 65/741 (8.9 %) [13].
Numerous natural-rubber products are potential
risk factors for sensitization also of the general
population [14, 21].

IgE BINDING PROTEINS

A number of TgE-reactive proteins have been
identified in natural and processed latex products.
The proteins represent molecules with very diffe-
rent properties.

An acidic protein (Hev b 5) in the cytoplasm of
the lacticifer cells of Hevea brasiliensis is a potent
allergen. This protein has pl = 3.5 and a molecu-
lar mass of 16 kD. Its amino acid sequence shows
a high degree of homology (47 %) to an acidic pro-
tein of kiwifruit [2]. It was also shown to have
significant homology to sequences from potato,
which is known to cause allergic reactions in some
latex-allergic patients. Fifty-six percent of spina
bifida patients and 92 % of health care workers
with latex allergy were reported to have IgE spe-
cific to the protein encoded by cDNA Hev b 5[24].

Specific IgE antibodies to hevein, a 4.7 kD poly-
peptide, were detected by enzyme-linked allergo-
sorbent test in 48 of 64 (75 %) sera from health
care workers allergic to latex and in three of 11
(27 %) sera from patients with spina bifida and
hypersensitivity reactions to latex. Purified hevein
completely inhibited IgE binding to the 20 kD pro-
tein, prohevein, reported to be a major allergen in
latex. Hevein represents the N-terminal domain
of prohevein and is responsible for most of the
IgE-binding capacity of prohevein [9].

The rubber elongation factor, a 14.6 kD water-
insoluble protein (Hev b 1) located on rubber par-
ticles is a major latex allergen in hypersensitivity
in children with spina bifida. The peptide with
amino acids 124-134 in the C-terminal region was
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essential for recognition by human IgE antibodies
and together with the region with amino acid resi-
dues of 31-64 the most allergenic portion of Hev
b 1[8]

Another insoluble 24 kD protein (Hev b 3), was
shown to have a tendency to fragment into seve-
ral polypeptides of lower molecular weight (from
24 kD to about 5 kD). Aggregation to molecular
weights greater than 24 kD may also occur resul-
ting in a range of polypeptides that are allergenic
to patients with spina bifida [28]

Several soluble IgE-reactive proteins other than
the previously known allergens were recently
shown to have high homology with common plant
enzymes. They may also act as cross-reacting pro-
teins in various foods [22].
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Fig. 1. — Measurements of specific IgE antibody to natural rubber latex

(k82) and banana with Pharmacia CAP System in sera from 19 latex
allergic patients. Data from Delbourg er af [10].

ALLERGEN RELATIONS
AND ANTIBODY SPECIFICITY

In addition to those mentioned above a number
of reports have been published describing reac-
tions to food items in patients with latex allergy.
The distribution of fruit/vegetable specific IgE
antibody in latex allergic patients was recently
reviewed [6].

The involvement of crossrecting allergens were
confirmed or suspected(?) in reactions to banana,
avocado, kiwi, potato, sweet pepper, tomato
(patatins), papaya/papain, chestnut, melon(?),
buckwheat(?), profilin(?), ragweed pollen(?), and
blue grass pollen (?). Lack of crossreactivity with
latex was claimed for Parthenium, guayule (P
argentatum), Ficus elastica, Ficus benjamina (?),
birch pollen, mugwort pollen, and timothy pollen.

Rev. fr. Allergol., 1997, 37, 8.
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Family Product Subclass Dilleniidae

Theaceae Tea

Lecytidaceae Brazil nut

Ericaceae  Blue berry

g I

Styracaceae  Styrax resin
Ebenaceae  Persimon (sharon)

il

Passifloraceae Passion fruit, grenadilla
Caricaccae  Papaya

Cucurbitaceae Pumpkin, melons

Tamaricaceae Manna

Capparaceae Capers
Brassicaceae Cabbage, mustard, raddish, watercress

Bixaceae Anatto

Sl

Tiliaceae Jute

| sterculiaceae Cacao, cola

| Bombaceae  Kapok
| Mavaceae  Cotton

| Cannavaceae Hops, hemp, hashish
| unicaceae  Ramie fiber

Fig. 2. - Examples of botanical relationships between some natural products commonly used. The subclass Dilleniidae

includes 91 of the more than 500 families of the flowering plants.
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sapotaceae  Gutta-percha, balata latex, chicle latex, chiku, star apple

|__ Moraceae Breadfruit, jackfruit, mulberry, fig, Ficus latex, Panama rubber

Euphorbiaceae Para rubber(latex), ceara rubber, manioc, castor bean, tung oil
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Inhibition studies used in crossreactivity studies
are sometimes difficult to interpret. Fruit speci-
fic IgE binding in a serum from a latex sensitive
patient may be inhibited by latex; latex specific
TgE binding in the same patient is not necessarily
inhibited by fruit, and vice versa. Several studies
lack proper negative controls showing insignifi-
cant inhibition of IgE binding to an independent
unrelated allergen for every extract used as inhi-
bitor. Conclusions drawn from such studies need
to be confirmed

Some recent studies indicate that the true situa-
tion is extremely complex. Only some of the
patients allergic to latex react to food. Ten of 22
(45 %) latex-allergic patients sera recognized alto-
gether 14 allergens in banana by immunoblotting.
The most frequently identified banana allergens
were 23, 32, 36, 39 and 47 kD proteins [3].
Fourteen of 18 sera (78 %) had IgE antibodies
that bound to a total of 17 avocado proteins with
apparent molecular weights ranging from 16 to
91 kD [1].

Allergens of banana and avocado carrying epi-
topes homologous to latex allergens are most pro-
bably different proteins with partial sequence
homologies, i.e. there is no universal fruit aller-
gen [4]. This is supported by the results of mea-
surements of IgE antibodies to latex and banana
in 19 latex allergic patients [10] showing no cor-
relation (fig. 1).

Crossreactivity as a function of botanical rela-
tions is essentially unexplored. The subclass
Dillenideae includes the rubber latex producing
genus Hevea and many other plants providing
products that are eaten or utilized otherwise (fig.
2). Some of these are potential cross-sensitizers
because of their close relation to Hevea.

QUANTITATIVE ASSAY
OF ALLERGEN SPECIFIC IgE ANTIBODIES

Measurement of antibodies to allergen sources
as complex as the natural rubber latex requires an
efficient immunoassay. Excess of major as well as
minor allergens is needed to catch the heteroge-
neous and individual sets of antibodies represen-
ted by specimens from the different allergy risk
groups. The high capacity solid phase
(ImmunoCAP) of Pharmacia CAP System and
UniCAP is designed to carry allergen quantities
large enough to satisfy these requirements [17].

As evident from the data reviewed above only
allergen preparations representing the complete
range of allergens involved in the exposures would
be capable of efficient detection of sensitization
in all patients. The ImmunoCAP allergen is a non-
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ammoniated product derived from latex collected
for the purpose in Thailand from Hevea brasi-
liensis. The C-serum or cytosol is isolated by ultra-
centrifugation. The protein rich solution com-
pares favorably with the FDA reference extract E8
in RAST inhibition (fig. 3) and immunoblotting
experiments and binds multiple IgE antibody spe-
cificities as shown by the examples presented in
figure 4. The molecular wights of the proteins
cover the range from <10 kD to >100 kD.
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Fig. 3. — Comparison of Pharmacia NRL (natural rubber latex) and FDA
preparation E8 by RAST inhibition of a pool of NRL allergic sera
(Pharmacia CAP System, latex allergen k82).

CLINICAL PERFORMANCE
OF PHARMACIA CAP SYSTEM

The efficiency of diagnostic tests are commonly
studied and reported as the sensitivity and speci-
ficity in relation to a specialist’s clinical diagno-
sis or in relation to a reference method. Table T
summarizes the published documentation of cli-
nical sensitivity and specificity of Pharmacia CAP
System. Sensitivity is defined as the proportion
(%) of positive tests (( 0,35 kU,/L) in groups of
patients with clinical disease. The specificity data
are calculated from test results obtained from
control groups that are defined as healthy blood
donors, healthy controls, or patients without latex
reactivity. The data confirm that the system pro-
vides a precise and reproducible diagnostic tool
with high clinical efficiency.The overall agree-
ment with the clinical judgements in the 11 stu-
dies summarized in Table Iis 483 /524 (92,2 %).
IgE antibody measurement was also recommen-
ded for routine detection of latex allergy in chil-
dren with food allergy [25, 29)] and in urticaria
or anaphylaxis without known cause.

Rev. fr. Allergol., 1997, 37, 8.
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Fig. 4. - Example of immunoblotiing patterns of Pharmacia NRL (lane 1-5) and FDA E8 (lane 6-10). Two
negative controls (lane 1, 2, 6, 7) and three sera with NRL specific IgE antibodies were included in the expe-
riment. One serum is a pool (lane 4, 9) (Unpublished data, Hans Perborn 1996).

Table . - Clinical performance of Latex specific IgE antibody assay (Pharmacia CAP System)

1199

Author (Ref N°)

Patients/Controls

n Sensitivity % Specificity %
Blanco [5] Adult LA 25 92 -
Ahlroth [1] 18 LA/14 nonallerg. contr. 32 89 100
Latasa [15] Adult LA 7 876 -
Makinen-Kiljunen [20] 61 LA/30 nonallerg. contr. 91 77 100
Sorva [25] Atopic children LA 11 100 -
Alenius [3] Adult LA 22 82 -
Lundberg [18] Adult LA 22 82 -
Michael [19] Spina bif. 37 SPT +/44 SPT- 81 97 80
Ylitalo [30] Children LA 30 97 -
Chen [9] 76 LA (11 Spina bif.)/10 nonallerg. contr. 86 99 100
De Swert {11] Spina bif.,, 17 LA/57 nonLA 74 89 93

LA = Clinical latex allergy.

Rev. fr. Allergol., 1997, 37, 8.



1200

—

N

w

=

(9]

o

~I

0

O

10.

1

—

12.

13.

14.

® L. YMAN, M. LUNDBERG/

REFERENCES

.Ahlroth M., Alenius H., Turjanmaa K. Maikinen-Kiljunen

S., Reunala T., Palosuo T. - Cross-reacting allergens in natural
rubber latex and avocado. J. Allergy Clin. Immunol., 1995, 96, 167-
173.

. Akasawa A., Hsich L.S., Martin B.M,, Liu T., Lin Y. — A novel aci-

dic allergen, Hev b 5, in latex. Purification, cloning and characteri-
zation. J. Biol. Chem., 1996, 271, 25389-25393.

. Alenius H., Makinen-Kiljunen S., Ahlroth M., Turjanmaa K.,

Reunala T., Palosuc T. - Crossreactivity between allergens in natu-
ral rubber latex and banana studied by immunoblot inhibition. Clix.
Exp. Allergy, 1996, 26, 341-348.

. Beezhold D.H., Sussman G.L., Liss G.M., Chang N.S. - Latex allergy

can induce clinical reactions to specific foods. Clin. Exp. Allergy,
1996, 26, 416-422.

. Blanco C., Carrillo T., Castillo R., Quiralte J., Cuevas M. - Latex

allergy: clinical features and cross-reactivity with fruits. Ann. Allergy,
1994, 73, 309-314.

. Brehler R., Theissen U., Mohr C., Luger T. - «Latex-fruit syndrome»:

frequency of cross-reacting IgE antibodies. Allergy, 1997, 52, 404-
410.

. Carrillo T., Cuevas M., Munos T., Hinojosa M., Moneo I. - Contact

urticaria and rhinitis from latex surgical gloves. Contact Dermatitis,
1986, 15, 69-72.

. Chen Z., Van Kampen V., Raulf-Heimsoth M., Baur X. — Allergenic

and antigenic determinants of latex allergen Hev b 1: peptide map-
ping of epitopes recognized by human, murine and rabbit antibo-
dies. Clin. Exp. Allergy, 1996, 26, 406-415.

. Chen Z., Posch A., Lohaus C., Raulf-Heimsoth M., Meyer H.E., Baur

X. —Isolation and identification of hevein as a major IgE-binding
polypeptide in Hevea latex. J. Allergy Clin. Immunol., 1997, 99, 402-
409.

Delbourg M.F., Guilloux L., Moneret-Vautrin D.A., Ville G. -
Hypersensitivity to banana in latex-allergic patients, Identification
of two major banana allergens of 33 and 37 kD. Ann. Allergy Asthma
Immunol., 1996, 76, 321-326.

.De Swert L.F.A., Van Laer K.M.LA., Verpoorten C.M.A., Van

Hoeyveld E.M., Cadot P., Stevens E.A. M. — Determination of inde-
pendent risk factors and comparative analysis of diagnostic
methods for immediate type latex allergy in spina bifida patients.
Clin. Exp. Allergy, 1997, 27, 1067-1076.

Frosch P.J., Wahl R., Bahmer F.A., Maasch H.J. - Contact urticaria
to rubber gloves is IgE-mediated. Contact Dermatitis, 1986, 14, 241-
245.

Grzybowski M., Ownby D.R., Peyser P.A., Johnson C.C., Schork
M.A. - The prevalence of anti-latex IgE antibodies among registe-
red nurses. J. Allergy Clin. Immunol., 1996, 98, 535-544.

Hamann C.P. ~ Natural rubber latex protein sensitivity in review.
Am. J. Contact Dermatitis, 1993, 4, 4-21.

15.

20.

2

—

22,

23.

24.

26.

27.

28.

Latasa M., Dieguez 1., Sanz M.L., Parra A., Pajaron M.J., Oehling
A. — Fruit sensitization in patients with allergy to latex. J. Investig.
Allergol. Clin. Immunol., 1995, 5, 97-102.

.Levy D.A,, Charpin D., Pequet C., Lenadier F., Vervloet D. — Allergy

to latex. Allergy, 1992, 47, 579-587.

. Lindgvist A., Maaninen E., Zimmerman K., Rimland A., Andersson

0., Holmquist I., Karlsson T., Yman L. — Quantitative measurement
of allergen-specific IgE antibodies applied in a new immunoassay
system, UniCAP™. XVI European Congress of Allergology and
Clinical Immunology ECACI'95 (Eds: Basomba A., Hernandez F. de
Rojas M.D.). Monduzzi Editore, Bologna (Ttaly) 1993, pp. 195-200.

. Lundberg M., Wrangsjo K., van Hage Hamsten M. — In vitro dia-

gnosis of latex allergy - Comparison of 2 methods. Allergy, 1996, 51,
48.

. Michael T., Niggemann B., Moers A., Seidel U., Wahn U., Scheffner

D. - Risk factors for latex allergy in patients with spina bifida. Clin
Exp. Allergy, 1996, 26, 934-939.

Makinen-Kiljunen S., Turjanmaa K. — Laboratory evaluation of latex
CAP-FEIA. Allergy, 1995, 50, 39.

. Ownby D.R., Ownby H.E., McCullough J., Shafer A.W. - The pre-

valence of anti-latex IgE antibodies in 1 000 volunteer blood donors.
J. Allergy Clin. Immunol., 1996, 97, 1188-1192.

Posch A., Chen Z., Wheeler C., Dunn M.J., Raulf-Heimsoth M., Baur
X. - Characterization and identification of latex allergens by two-
dimensional electrophoresis and protein microsequencing. J. Allergy
Clin. bwmunol., 1997, 99, 385-395.

Slater J.E., Mostello L.A., Shaer C. — Rubber-specific IgE in chil-
dren with spina bifida. J. Urol, 1991, 146, 578-579.

Slater J.E., Vedvick T., Arthur-Smith A., Trybul D.E., Kekwick
R.G.O. - Identification, cloning, and sequence of a major allergen
(Hev b 5) [rom natural rubber latex (Hevea brasiliensis). J. Biol.
Chem., 1996, 271, 25394-25399.

5. Sorva R., Mikinen Kiljunen S., Suvilehto K., Juntunen-Backman

K., Haahtela T. - Latex allergy in children with no known risk fac-
tor for latex sensitization. Pediatr. Allergy Irmmunol., 1995, 6, 36-38.
Turjanmaa K., Alenius H., Mikinen-Kiljunen S., Reunala T.,
Palosuo T. ~ Natural rubber latex allergy. Allergy, 1996, 51, 593-602.
Wrangsjo K., Mellstrom G., Axelsson G. - Discomfort from rubber
gloves indicating contact urticaria. Contact Dermatitis, 1986, 15, 79-
84.

Yeang H.Y., Cheong K.F., Sunderasan E., Hamzah S., Chew N.P.,
Hamid S., Hamilton R.G., Cardosa J. - The 14.6 kd rubber elonga-
tion factor (Hev b 1) and 24 kd (Hev b 3) rubber particle proteins
are recognized by IgE from patients with spina bifida and latex
allergy. J. Allergy Clin. Immunol., 1996, 98, 628-639.

. Ylitalo L., Turjanmaa K., Reunala T. - Natural rubber latex (NRL)

allergy in food allergic children. J. Allergy Clin. Immunol., 1996, 97,
321.

Rev. fr. Allergol., 1997, 37, 8.



