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Introduction

Immediate type allergy to natural rubber latex
(NRL) has been recognized as an increasing and
clinically important problem in children during
the last few years. Clinical reactions may vary
from contact urticaria to severe anaphylaxis (1±
5). Special interest has been in the risk factors for
the development of latex allergy in children
during the ®rst ®ve years of life (6).

The allergen

There have been many investigations undertaken
to identify the purity and characterize the
primary structure of the immunoglobulin E
(IgE) binding proteins present in NRL, and
NRL products, and to evaluate their clinical
signi®cance to NRL allergy in various patient
groups. Natural latex is produced by nearly 2000
species of plants, and although attempts have
been made to extract latex from different plant
species, so far only the rubber tree Hevea
brasiliensis is commercially valuable as a source
material of natural rubber. Whether NRL
collected from the rubber trees of Malaysia is
different from that collected in Thailand or
elsewhere is not known. The preparation of the
®nal products by different ®rms is certainly
different. The rubber content of fresh NRL
varies between 25% and 45% depending on
season, environmental conditions and the
rubber tree clones (7). The total protein content
(estimated as nitrogen content) in NRL varies
between 1 and 2%. These proteins or peptides

with known amino acid sequences are responsible
for the allergenic type I reactions causing NRL
clinical allergic symptoms (8).

The major protein determinants have been
considered appropriate to standardize various
allergens. This seems unrealistic when 20±50% of
individually allergic subjects react to `minor'
determinants and may not react to the puri®ed,
standardized major determinants (4). Allergy to
latex rubber is unusual in that it commonly
involves sensitization to multiple constituent
proteins (9±12). Also, different groups of patients
appear to be sensitized to different groups of latex
proteins (13±16). The sensitizing proteins are very
speci®c and have different molecular weights
(Table 1).

The changing prevalence of latex allergy

It is not obvious why one or many of these
proteins should have become allergenic after
many years, or indeed why there has been an
epidemic of latex allergy. This has been explained
too easily as being due to the increased use of
surgical gloves owing to the risk of hepatitis and
AIDS and the use of new manufacturing
methods. The temporal relationship of latex
sensitization agrees poorly with the initiation of
universal precautions (17). There would seem to
be at least two other reasons for the increase of
sensitization, particularly in healthcare workers.

Since 1940 cornstarch has replaced mineral talc
as donning powder in surgical gloves (18) because
it was considered that silica talc powder was the
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cause of peritoneal granulomata. Mineral talc is
heavy and only transiently airborne, whilst
cornstarch, which remains airborne when used
as a glove powder, has also been shown to be a
latex carrier (19,20). Latex-contaminated glove
powder provokes allergic reactions in sensitized
subjects (21) and acts as a `latex-aeroallergen' in
operating theatres (22). Lundberg and coworkers
(23) showed with immunochemical investigations
that mineral talc has a high capacity to bind
®rmly to latex allergens in contrast to cornstarch,
which captured the latex allergens but the binding
was less pronounced and unstable. The silica talc
powder in fact acts as an ef®cient allergen
eliminator. The cornstarch powder consists of a
mixture of amylose and amylopeptose. This
mixture is treated chemically to improve its
lubricating properties. It was found from the
experiments that various lower-molecular-weight
latex allergens showed a higher tendency to bind
than the high-molecular-weight allergens (24).

The question of how the actual allergen is
released from the glove material and also released
from the powder has not been studied, although
some new work on the role of endotoxin as a
cofactor in the pathogenesis of latex allergy (25)
may well be important. It may be relevant that
Michel and coworker demonstrated that the
severity of asthma in mite-sensitive asthmatic
patients correlates with the concentration of
endotoxin in old house dust (26). Endotoxin
effects appear enhanced only in those with
persisting allergies to relevant allergens (27).

Pollen and latex-associated food allergies

Food reactions in patients with pollen allergic
rhinitis and asthma have been studied during the
last 20 years, particularly in the Scandinavian
countries, because silver birch (Betula) pollen
allergy is the pollen that causes most seasonal
complaints. It is also the pollen that is most
commonly associated with IgE-mediated symp-

toms related to fresh fruit and vegetables (28±30).
It has been shown (31) that there may be
allergenic relationships between taxonomically
diverse pollens. There is also much evidence that
a family of cytoskelous proteins called pro®lins,
with a molecular weight of 14±18 kDa, are
present in several different pollens and plant
species (32). Pro®lins are generally, but not
always, thermolabile proteins, which means that
patients who may be anaphylactically sensitive to
many fresh fruits and vegetables can eat them
with impunity when they have been cooked.
Pro®lin is an allergen in many plant species, so
that we might assume that pro®lin might be an
allergen in H. brasiliensis. It has been found in a
group of 19 individuals allergic to latex that only
two had antipro®lin IgE antibodies. However,
pro®lin is barely detectable on glove-extract
immunoblots. However, pro®lin is present in
banana extract; it is likely to be involved in
cross-sensitivity to banana and latex and should
be taken into account when interpreting the
results of latex IgE antibody assays. It must also
be remembered that latex-allergic patients react
to a 15-kDa allergen that is not pro®lin (33±35).

Latex allergy, like pollen allergy, is also
associated with a small group of fresh-fruit-
allergic responses. The fruits that commonly
cause allergic problems are banana, avocado,
pear and chestnut; other fruits less commonly
associated with latex allergy are kiwi, mango,
peach and walnut. The `latex±fruit syndrome' is
very common in the latex-allergic subject because
52% of latex-allergic patients have allergies to
various fruits and systemic anaphylaxis occurred
in 36% (36). It may be that the patient's reaction
to fruit brings to light the latex-allergic symptoms
that may have been undiagnosed. The fruits that
commonly cause allergic symptoms to the
pollen-sensitive patients are not those that are
usually related in the latex-allergic subject.
Banana allergy is seen in young children, but
this has not necessarily occurred with latex

Table 1. Allergen designation by International Union of Immunological Societies (IUIS)

Allergen Common name Mol. weight (kDa) Reactivity (%)

Hev b 1 Rubber elongation factor
Associated with spina bi®da

14.6 (58) 22

Hev b 2 B-1-3 Gluconase 34±36 ?
Hev b 3 Prenyltransferase

Associated with spina bi®da
24±27 ?

Hev b 4 N®crohe®x 100, 110, 115 ?
Hev b 5 Acidic protein 16±24

20 ( 6.01)
62

Hev b 6 Hevein protein 14 ( 6.03)
5 (6.02)

60

Hev b 7 Patatin homolog 43±46 23
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allergy (37). The authors point out it is rare in
infants but has been much studied in relation to
its cross-allogenicity with latex in adults and
older children. In adults we have seen the
latex-allergic subject become banana allergic
after many years. It can be shown by RAST
inhibition that there is a dose-dependent inhibi-
tion with increasing concentrations of banana
extracts (38,39). An unusual way to become
anaphylactic from banana occurred in a
latex-allergic patient who was bitten by a
monkey that had been eating banana (37).
Lysozyme has been shown to be present in
detectable amounts in gloves, and this may be
one of the cross-reacting allergens that account
for the association of NRL and fresh-fruit-
allergic responses (36). To study the chemical
and immunological properties of latex proteins, it
is necessary to clone and express the dozen or
more individual latex allergens. The proteins
involved in rubber synthesis of H. brasiliensis are
many (Table 1), but pro®lin, the pan-allergen of
fresh fruit and enzymes such as chitinases,
glucanases and lysozymes and papain, may
account for the latex±fruit syndrome (Table 2).

Cross-reaction by F. benjamani and H. brasiliensis and
fruit sensitivity

The weeping ®g Ficus benjamani is used
increasingly for indoor decoration. This can
cause symptoms of allergic rhinitis and asthma,
as well as clinical and immunological
cross-reactions with various fresh fruits such as
®g, kiwi and papain. It has been reported that
there is a cross-reaction between F. benjamani
and H. brasiliensis, demonstrated by reciprocal
inhibition of CAP RAST and immunoblot by
the two extracts (40,41). Sometimes no cross-
reaction can be obtained between F. benjamani
and H. brasiliensis (42). The existence of cross-
reactive allergenic structures in plant-derived
products such as latex, fruits and enzymes, may
explain extensive allergenic reactivity, and it
seems likely that plant enzymes such as papain,
bromelain and lysozymes are common allergens
(43). Because of the ubiquity of F. benjamani
and because symptoms of rhinitis, conjunctivitis
and asthma are usually not related to exposure,
it has been suggested that routine skin tests for
latex allergy be performed on all patients
investigated for respiratory allergy (44).
Because the plant is a strong sensitizer, it
would seem reasonable to advise the parents
of atopic children that such plants must not be
in the home.

Prevention

Because of cross-reacting antibodies between
latex and banana (45), it would be sensible to
suggest that children who are known to be at risk
of developing latex allergy, or who are already
allergic to latex, should omit bananas from their
diet (46). A prospective study in atopic multi-
operated spina bi®da children could con®rm or
refute this. We know the risk factors for children
to develop latex allergy, and it would seem
reasonable also to know the chances of the
latex-allergic child developing the `latex±fruit
syndrome'. Possibly because of the multiplicity
of latex allergens, at present it does not seem
possible to predict whether a child will develop
anaphylaxis from latex exposure at operation
(47).

Prevention of anaphylaxis at operation is
possible. Triple-washed powder-free latex gloves
contain several thousand times less allergen than
standard latex surgical gloves (48). Recently, 140
patients with spina bi®da were studied to see how
far latex allergy correlated with the number of
operations. Patients with 5±7 operations had a
least 10 times higher probability of having
antilatex IgE antibodies. Prevalence of anti-Hev
b 1 IgE antibodies was signi®cantly associated
with the number of operations (49). The younger
the child is at ®rst operation; the presence of
atopic dermatitis; and the number of operations
are all factors favoring latex sensitization.
However, a history of latex sensitivity given by
the parents was often negative (50%), and had to
be proved by provocation's tests (50). It follows
that any child who is atopic and has had three or
more operations should routinely be skin-prick
tested for latex allergy, and at the same time
asked about any fresh-fruit allergy.

In children with type 1 diabetes, induction of
allergic sensitization to latex from insulin vial
tops could potentially occur. It was found in 112
diabetic children that 42 (38%) were atopic, and 7
(17%) exhibited speci®c IgE to latex (although
none reported clinical symptoms from latex).
This prevalence is similar to atopic children
without diabetes, and therefore this sensitization
is not related to frequent contact to latex through
insulin injections (51,52). However, the possibi-
lity exists that rubber medication stoppers and
the injection port of intravenous tubing might
explain otherwise unexplained anaphylaxis in
latex-allergic patients. One group has reported
such reactions (53). In some centers it has become
the practice to eliminate multi-dose vials and
remove latex injection ports from the operating
theatre where the patient is known to be
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latex-allergic. It should be noted that the presence
and bioavailability of antigen in these sources has
not been documented. Latex-free syringes are
now available commercially.

Paci®er use can cause urticaria of the mouth, in
the same way as rubber balloons. This has been
associated with nut (walnut) and fresh fruit (kiwi)
sensitivity (54). No one seems to have carried out
a prospective study on whether paci®ers or
rubber teats in non-breast-fed babies gives rise
to sensitization. In Canada it has been found that
some food samples have borne traces of latex
from handling with latex gloves. A change to
non-latex alternatives is being considered by
some of the large supermarkets.

Con®rming latex sensitivity

In all fruit-allergic patients, it would seem
reasonable to consider the potential for allergic
reactions to latex. This is because latex is an
antigenically complex material with structural
homology to other plant (fruit) proteins such as
havein, hevamine (30-kDa), palatin and a 46-kDa
protein homology with palatin. Immunoblot
inhibition has demonstrated cross-reactive IgE
antibodies to several proteins in latex and banana
(54). However, although in fruit-allergic patients
there may be 50±100% skin-prick or CAP
positive, symptomatic sensitivity is low (10±
20%); but, in general, patients with anaphylactic
reactions to fruits are more likely to be sensitive
to latex (55).

Skin-prick tests are the easiest way to
establish a diagnosis of latex sensitivity.
Patients with a previous history of anaphylaxis
to foods or latex can have an anaphylactic
response from a skin-prick test with latex (5,56±
58). Anaphylactic events associated with latex
skin testing can occur without previous history
of anaphylaxis. This was seen in a boy aged 6
who had multiple clinical food and inhalant
sensitivities. When reviewed he complained of a
new food (bananas) now causing the oral allergy
syndrome. He was tested for latex by skin-prick
test and this produced a mild general reaction.
The `use' test should not be carried out in
anyone who has had anaphylaxis, although
some investigators consider exposing only one
gloved ®nger for ®ve minutes to be safe.
Normally the whole hand is exposed to the
latex glove. Fresh-fruit allergy may be missed if
commercial extracts are used. It is always
important to use the `prick + prick' technique
with fresh fruit (59). This itself, very rarely, can
cause anaphylaxis. In¯ating balloons is some-
times used or the mucosa of the lips can be
exposed if the glove test is negative. Any
reaction that occurs is easily controlled with
local and oral antihistamines. Nasal latex
challenge testing has been shown to be sensitive
and speci®c but this is an unsafe diagnostic
method to test latex allergy because anaphylaxis
may occur (60).

It can be seen from Tables 1±3 that there are
many latex allergens and we do not know, in the
extracts that are commercially available, whether
when performing a skin-prick test or RAST all or
some of the appropriate epitopes are present in
the latex solution. Among 907 health care
workers, 18 were thought to be rubber-allergic
by questionnaire. All 18 were skin-prick test
positive with `prevulcanized' latex. There were
899 history-negative patients of whom 6 were
skin-prick test positive; one was subsequently
shown to be allergic to rubber by challenge. In
this series, skin-prick testing was 100% (18/18)
sensitive and 99% (883/889) speci®c. The pre-
dicted value of a positive skin-prick test was 80%
(19/24) and the predictive value of a negative test
100% (883/883) (63).

Commercially available extracts of latex vary
considerably in their allergen concentration,
stability and allergen composition. Skin-prick
tests, which can cause anaphylaxis in the
latex-allergic, are not quantitative in size but
give from the clinical point of view greater
sensitivity and speci®city than do immunological
tests such as RAST or its modi®cations.

Table 2. Latex allergens without a nomenclature designation

Hevamine
29.550 kDa: A minor latex allergen

Class-I chitinases
32 kDa: Cross-reactive (banana, avocado) and very likely major latex
allergens

Class-II chitinases
30 kDa: Cross-reactive and very likely major latex allergens
Mn-superoxide dismutase (MnSOD)
25.8 kDa: The signi®cance is not yet determined, possible cross-reactive
allergen between latex and moulds

Enolase (2-phosphoglycerate dehydratase)
46 kDa: Undetermined siguf®cance, a putative cross-reactive allergen
between latex and moulds

Pro®lin
14 kDa: A minor/major cross-reactive latex allergen
Latex lysozyme
27 kDa: Undetermined signi®cance, cross-reactivity with homologs from ®g
and papaya possible

Triosephosphate isomerase
27 kDa: Signi®cance not determined

Proteasome subunit
25.3 kDa: Signi®cance not determined

Adapted from reference (71).
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Spina bi®da and latex allergy

Routine testing for latex allergy in patients with
spina bi®da is not recommended. The sensitivity
and speci®city of the in vitro measurement of
latex-speci®c IgE depends on the clinical sensi-
tivity pattern of the population studied. In spina
bi®da patients, in vitro assays are adequately
sensitive (64,65). In the Tosi group (65) of 57
RAST-negative patients, there were no untoward
reactions even during latex-exposed surgery. In
general however, in vitro diagnosis has not been
as sensitive as skin-prick testing.

Different countries show similarities and dif-
ferences when considering latex allergy in spina
bi®da children. Using skin-prick tests and CAP, it
was found in 59 Saudi patients aged 1±20 with
spina bi®da that 25% were allergic to latex. Males
were more frequently affected than females, but
in some studies females showed more sensitiza-
tion (66,67). The Saudi Arabian ®nding that there
was no speci®c correlation between either family
or personal history of atopy and sensitization to
latex is unusual. It also seems strange that in the
Saudi patients there was no signi®cant correlation
between the number of surgical procedures and
the occurrence of latex sensitization (68). The
reason for this may be that none had undergone
more than four surgical procedures. It is also
noteworthy that none of the latex-allergic in the
group under study was food-allergic. However, in
their conclusions it is stated that incidence of
sensitization to latex in Saudi Arabian children
with spina bi®da is similar to reports in the world
literature. This compares with the ®ndings in
atopic children in latex-allergic children in Italy.
In 326 atopic children, ®ve children (1.5%) had a
positive clinical history to latex exposure. None
of the children had spina bi®da or had a different

history of using paci®ers in the ®rst 2 years of
life. It was not obvious why these children
had become latex-allergic, yet in all ®ve
latex-symptomatic children, there was an asso-
ciated fresh-fruit allergy (kiwi, apple and chestnut
in four cases; avocado, pineapple, orange, pear
and grape in three cases; banana in two; apricot
in one case) but only one child with a positive
skin-prick test to fruit presented with clinical
symptoms after ingestion of kiwi and orange (69).

Is latex immunotherapy possible?

Classical immunotherapy has greatly decreased in
many countries during the last decade because the
risk-to-bene®t ratio is not acceptable. The recent
discovery that allergen-gene immunization
induces a T-helper l antiallergen response but
no IgE antibodies, and at the same time down-
regulates a pre-existing response, suggests that it
may be possible to develop a novel and safe form
of immunotherapy (70). Already Slater et al. (71)
have shown that mice primed with latex allergen
Hev b 5 and boosted with pDNA encoding Hev b
5 had a 23% drop in speci®c IgE 10 days after
pDNA injection. Because there are at least 12
different latex allergens that have been character-
ized in humans, there will be many dif®culties to
overcome before this form of immunotherapy
will be possible.

Immunotherapy may be for the future but
much can be done to prevent latex sensitization in
the high-risk group of children with spina bi®da
who require repeated operations (48). Latex-free
surgery and anesthesia can be established, and it
was found in a recent study that none of 12
patients became sensitized to latex despite up to
seven operations in each child (72).

Discussion

The molecular biology of latex allergens requires
much further study as there are well over a dozen
allergens present in NRL. Only recombinant
proteins will eventually allow us to use a uniform
and standardized mix for diagnostic and ther-
apeutic use. The available extracts are not
standardized in that it is not known how many
allergens are present in any one commercial
extract. Ribonucleic acid (RNA) is not readily
available from latex, but until a high-quality
RNA is available, full-length allergen-coding
genes cannot be used to obtain the basic reagent
to produce recombinant latex proteins. Clinically,
we know that latex allergy is associated with
allergy to various fresh fruits and vegetables and

Table 3. Panels of recombinant H. brasiliensis allergens for differential
diagnosis

`Spina bi®da' panel
Hev b 1, rubber elongation factor
Hev b 3, small rubber particle protein

`Latex±fruit syndrome' panel
Hev b 2, b-1.3-glucanase
Hev b 5, acidic protein
Hev b 7, patatin-like protein
Class I and class II chitinases
Pro®lins

`Latex-only' panel
Hev b 1, rubber elongation factor
Hev b 3, small rubber particle protein
Hev b 4, microhelix component
Hev b 6, prohevein/hevein

`Latex-mould' panel
Mn-superoxide dismutase
2-Phosphoglycerate dehydratase (enolase)
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associated with pollens such as mugwort
(Artemesia), ragweed (Ambrosia), timothy
(Phleum), and rape (Brazzica napus) pollens. It
is possible that there is also a cross-reaction
between enzymes in the latex and various moulds
such as Aspergillus fumigatus (73). The presence
of common epitopes in the latex-allergic subject
helps us to explain many of the associated clinical
syndromes seen in latex allergy (Table 3).

The molecular biology of latex allergen is
rapidly expanding. Hev b 3 is an allergen that
rapidly degrades. This, with Hev b 1, must be
present in an allergy extract to diagnose the
latex-allergic spina bi®da patient but neither of
these allergens is enough to diagnose the patient
with latex±fruit syndrome. Niggemann and
colleagues (66), investigated the course of early
sensitization to latex and various lifestyle factors
in 398 children in a prospective birth cohort
study. It was found that 20 (5%) showed speci®c
serum IgE to latex by the age of 5 years. The only
risk factors for developing sensitization or allergy
to latex were the number of operations and an
atopic predisposition.

We know the risk factors for developing
sensitization but it would seem important that
babies, when being born, should not routinely be
at risk from latex gloves, which have been worn
by midwives and obstetricians over the last 30
years. Latex is a potent allergen that the baby
meets when being born. Would it be reasonable
to remove babies from potential risk by insisting
in the future that non-latex gloves are worn by all
medical staff present at delivery of the baby?
Various recommendations concerning latex test-
ing and avoidance have been made in the USA
(74) and Europe (39). The availability of
non-latex devices and latex-free areas is so far
only available in a few hospitals. One recom-
mendation is that patients with spina bi®da are at
such high risk of latex allergy that they should
avoid latex exposure entirely from birth. Perhaps
this recommendation might be extended to all
babies at birth.

References

1. AXELSSON IGK, ERIKSSON M, WRANGSJO K. Analphylaxis
and angeiodema due to rubber allergy. Acta Paediatr
Scand 1998: 77: 314±6.

2. PASQUARIELLO CA, LOWE DA, SCHWARTZ RE.
Intraoperative anaphylaxis to latex. Pediatrics 1993:
91: 983±6.

3. SETHNA N, SOCKIN SM, HOLZMAN RS, SLATER JE. Latex
anaphylaxis in a child with a history of multiple
anesthetic drug allergies. Anesthesiology 1992: 77:
372±5.

4. SULLIVAN U, MAGERA BE. Recurrent allergic reactions to

latex in a hospitalized pediatric patient. J Allergy Clin
Immunol 1995: 96: 423±5.

5. KELLY M, PEARSON ML, KURUP VP, et al. A cluster of
anaphylactic reactions in children with spina bi®da
during general anaesthesia: epidemiologic features, risk
factors, and latex hypersensitivity. J Allergy Clin
Immunol 1994: 94: 53±61.

6. WAHN U, NIGGERNANN B, KULIG M, BERGMANN R. Risk
Factors for the development of latex allergy in children
during the ®rst 5 years of age. Allergy 1998: 43 (Suppl.):
51±3.

7. SUBRAMANIAN A. The chemistry of natural rubber latex.
In: FINK J, ed. Latex Allergy and Immunology and
Allergy Clinics of North America. Philadelphia: W B
Saunders Co, 1995: 1±20.

8. ALONIUS H. Characterization of protein allergens in
natural rubber latex. Thesis. Natural Public Health
Institute, Vammala, 1995.

9. FRANKLAND AW. The characterization of allergens. Clin
Exp Allergy 1996: 26: 865±7.

10. BEEZHOLD D, SUSSMAN G, KOSTYAL D, et al. Identi®cation
of a 46-kD latex protein allergen in healthcare workers.
Clin Exp Immunol 1994: 98: 408±13.

11. SLATER J, CHHABRA S. Latex antigens. J Allergy Clin
Immunol 1992: 89: 673±8.

12. TOMAZIC V, WITHROW T, HAMILTON R. Characterization
of the allergen(s) in latex protein extracts. J Allergy Clin
Immunol 1995: 96: 635±42.

13. CHAROUS B, STEVEN G, BEEZHOLD D. Anti-latex IgE
speci®city does not correlate with clinical history
(Abstract). J Allergy Clin Immunol 1995: 95: 156.

14. AKASAWA A, HSIEH L-S, LIN Y. Comparison of latex
speci®c IgE binding among nonammoniated latex,
ammoniated latex, and latex glove allergenic extracts
by ELISA and immunoblot inhibition. J Allergy Clin
Immunol 1996: 97: 1116±20.

15. KURUP V, ALENIUS H, KELLY K, et al. A two-dimensional
electrophoretic analysis of latex peptides reacting with
lgE and IgG antibodies from patients with latex allergy.
Int Arch Allergy Immunol 1996: 109: 58±67.

16. HAMILTON R, YEANG H. Differential sensitization of latex
allergic children with spina bi®da (SB) and adult
healtheare workers (HCW) to rubber particle associated
(RPA) allergens (Abstract). J Allergy Clin Immunol
1997: 99: S266.

17. CHAROUS BL, BEEZHOLD DH, ADLER WH. Endotoxin: a
role in latex allergy? Ann Allergy Asthma Immunol
1997: 79: 277±80.

18. ELLIS H. The hazards of surgical glove dusting powders.
Surg Gynol Obstet 1990: 171: 521±7.

19. TOMAZIC V, SHAMPAINE E, LAMANNA A, WITHROW T,
ADKINSON N, HAMILTON R. Cornstarch powder on latex
products is an allergen carrier. J Allergy Clin Immunol
1994: 93: 751±8.

20. BEEZHOLD D, BECK W. Surgical glove powders bind latex
antigens. Arch Surg 1992: 127: 1354±7.

21. BRAGNAMI G, MARABINI A, SIRACUSA A, ABBRITTI G.
Work related late asthmatic response induced by latex
allergy. J Allergy Clin Immunol 1995: 96: 457±64.

22. HEILMAN D, JONES R, SWANSON M, YUNGINGER J. A
prospective, controlled study showing that rubber
gloves are the major contributor to latex aero-allergen
levels in operating rooms. J Allergy Clin Immunol 1996:
98: 325±30.

23. LUNDBERG M, WRANGSJO K, JOHANSSON SGO. Latex
allergy from glove powder ± an unintended risk with the
switch from talc to cornstarch? Allergy 1997: 52: 128.

Latex-allergic children

157



24. TUDAMNAA K, ALENIUS H, MAKINEN-KILJUNEN S,
REUNALA T, PALOSUO T. Natural rubber latex allergy.
Allergy 1996: 51: 593±602.

25. WILLIAMS P, HALSEY J. Endotoxin as a factor in adverse
reactions to latex gloves. Ann Allergy Asthma Immunol
1997: 303±10.

26. MICHEL O, KIPS J, DUCHATEAU J, et al. Severity of asthma
is related to endotoxin in house dust. Am J Respir Crit
Care Med 1996: 154: 1641±6.

27. MICHEL O, DUCHATEAU J, SERGYSELS R. Effects of inhaled
endotoxin on bronchial reactivity in asthmatic and
normal subjects. J Appl Physiology 1989: 66: 1059±64.

28. HALMEPURO L, VUONTELA K, KALIMO K, et al.
Cross-reactivity of IgE antibodies with allergens in
birch pollen, fruit and vegetables. Int Arch Allergy Appl
Immunol 1984: 74: 235±40.

29. CALKHOVEN PG, AALBERS ML, KOSHTE O, et al.
Cross-reactivity among birch pollen, vegetables and
fruits as detected by IgE antibodies is due to at least
three distinct cross reactive structures. Allergy 1987: 42:
382±90.

30. FRANKLAND AW, AALBERSE RC. Silver birch (Betula)
pollen allergy and fresh fruit allergy. Clin Ecol 1997: 2: 5.

31. PHAM N, 11 BALDO BA. Allergic relationship between
taxonomically-diverse pollens. Clin Exp Allergy 1995:
25: 599±606.

32. FRANKLAND AW. Food reactions in pollen and latex
allergic patients. Clin Exp Allergy 1995: 25: 885±6.

33. VALLIER P, BALLAND S, HARF P, VALENTA R, DEVILLER P.
Identi®cation of pro®lin as an IgE-binding component
in latex from Hevea brasiliensis: clinical implications.
Clin Exp Allergy 1995: 25: 332±9.

34. BLANCO C, CARRILLO T, CASTILLO R, QUIRALTE J, CUEVAS

M. Latex allergy: clinical features and cross-reactivity
with fruits. Ann Allergy 1994: 73: 309±414.

35. TOKUYAMA K, TAKEI H, ARAKAWA M, et al. Banana
allergy in infants. Allergy 1997: 52: 350±1.

36. HOLTER G, NYFORS A, FLORVAAG E, AASEN T, ELSAYED S.
Studies on the allergenic and antigenic cross reactivities
between natural rubber latex and some fresh ¯uit
proteins. Allergy 1997: 37 (Suppl.): 52.

37. BAYERL. CH, SEILER WG, NEBE T, JUNG EG.
Anaphylaktische reaktion nach affenbid. Allergo J
1997: 297±300.

38. M'RAIHI ML, CHARPIN D, PONS A, BONGRAND P,
VERVLOET D. Cross reactivity between latex and
banana. J Allergy Clin Immunol 1991: 87: 129±30.

39. LEVY DA, CHARPIN D, PECQUET C, LEYNADIER F,
VERVIOET D. Allergy to latex. Allergy 1992: 47: 579±87.

40. BREITENEDER H, SCHEINER O. Molecular and immunolo-
gical characteristics of latex allergens. Int Arch Allergy
Immunol 1998: 116: 83±92.

41. DELBOURG MG, MONERET-VAUTRIN DA, GUILLOUX L,
VILLE G. Hypersensitivity to latex and Ficus benjamina
allergens. Ann Allergy Asthma Immunol 1995: 74:
496±500.

42. DIEZ-GOMEZ KL, QUIRCE S, AROGONESES E, CUEVAS M.
Asthma caused by Ficus benjamina latex: evidence of
cross-reactivity with ®g fruit and papain. Ann Allergy
Asthma Immunol 1998: 80: 24±30.

43. YAGAMI T, SATO M, NAKAMURA A, SHONO M. One of the
rubber latex allergens is a lysozyme. J Allergy Clin
Immunol 1995: 96: 677±86.

44. AZELSSON IGK. Allergy to Ficus benjamina (weeping ®g)
in non-atopic subjects. Allergy 1995: 50: 284±5.

45. MAKINEN-KILJUNEN S, ALENIUS H, AHIROTH M,
TURJAMNAA K, PALOSUO T, REUNALA T.

Immunoblot-inhibition detects several common aller-
gens in rubber, latex and banana (Abstract). J Allergy
Clin Immunol 1993: 91: 242.

46. CORDOBA H. Does the high banana consumption
increase latex allergy? J Allergy Clin Immunol 1995:
95: 251.

47. THEISSEN U, THEISSEN JL, MERTES N, BREFFIER R. IgE
mediated hypersensitivity to latex in childhood. Allergy
1997: 52: 665±9.

48. JONES RT, BUBAK ME, GOSSELIN VA, YUNGINGER JW.
Relative latex allergen contents of several commercial
latex gloves (Abstract). J Allergy Clin Immunol 1992:
89: 225.

49. CHEN Z, CREMER R, BAUR X. Latex allergy correlates
with operation. Allergy 1997: 52: 873.

50. LIEBKE B, NIGGEMANN B, WAHN U. Sensitivity and allergy
to latex in atopic and non-atopic children. Pediatr
Allergy Immunol 1996: 7: 103±7.

51. NIGGEMANN B, DANNE T, WEBER B, WAHN U. Prevalence
of latex-speci®c IgE antibodies in atopic and non-atopic
children with type 1 diabetes. Allergy 1997: 52 (Suppl.
37): 140.

52. HAMILTON RG, ADKINSON NE. Validation of the latex
glove provocation procedure in latex-allergic subjects.
Ann Allergy Asthma Immunol 1997: 79: 266±72.

53. MUNOZ FM, SEPULVEDA CM, ALONSO A, PENA JMD,
OJEDA JA. Associated hypersensitivity to latex and
walnut. Allergy 1994: 52 (Suppl. 37): 120.

54. ALENIUS H, MAKINEN-KILJUNEN S, AHLROTH M,
TURJANINAA K, REUNALA T, PALOSUO T. Cross-
reactivity between allergens in natural rubber latex
and banana studied by immunoblot and immuno-
blot inhibition methods. Clin Exp Allergy 1996: 26:
341±8.

55. GARCIA ORTIZ JC, MOYANO JC, ALVAREZ M, BELLIDO J.
Latex allergy in fruit-allergic patients. Allergy 1998: 53:
532±6.

56. SPANNER D, DOLOVICH J, TARLO S, SUSSMAN G, et al.
Hypersensitivity to natural latex. J Allergy Clin
Immunol 1989: 83: 1135±7.

57. BEUERS U, BAUR X, SCHRAUDOLPH M, RICHTER WO.
Anaphylactic shock after game of squash in atopic
women with latex allergy (Letter). Lancet 1990: 335:
1095.

58. BONNEKOH B, MERK HE. Safety of latex prick skin testing
in allergic patients (Letter). J Am Med Assoc 1992: 267:
2603.

59. DREBORG S, FOUCARD T. Allergy to apple, carrot and
potato in children with birch pollen allergy. Allergy
1983: 38: 167±72.

60. HAMILTON RG, ATKINSON NE. Validation of the latex
glove provocation procedure in latex-allergic subjects.
Ann Allergy Asthma Immunol 1997: 79: 266±72.

63. MONERET-VAUTRIN DA, LAXENAIRE MC. Routine testing
for latex allergy in pateints with spina bi®da is not
recommended (Reply). Anesthesiology 1991: 74: 391±2.

64. KELLY KJ, PEARSON NIL, KURUP VP, HAVENS PL, et al. A
cluster of anaphylactic reactions in children with spina
bi®da during general anesthesia. J Allergy Clin Immunol
1994: 94: 53±61.

65. TOSI LL, SLATER JE, SHAER C, MOSTELLO LA. Latex
allergy in spina bi®da patients: prevalence and surgical
implications. JPO 1993: 13: 709±12.

66. NIGGEMANN B, KULIG M, BERGMANN R, WAHN U.
Development of latex allergy in children up to 5 years
of age ± a retrospective analysis of risk factors. Pediatr
Allergy Immunol 1998: 9: 36±9.

Frankland

158



67. LEGER RR, MEEROPOL E. Children at risk: latex allergy
and spina bi®da. J Ped Nursing 1992: 7: 371±6.

68. KATTAN H, HARFL RA, TIPIRNENI P. Latex allergy in
Saudi children with spina bi®da. Allergy 1999: 54: 70±3.

69. NOVEMBRE E, BERNARDINI R, BRIZZI I, et al. Latex allergy
in atopic and non-atopic children. Allergy 1999: 54: in
press.

70. SPIEGELBERG HL, HIGHE H, ROMAN M, BROIDE D, RAZ E.
Inhibition of IgE formation and allergic in¯ammation
by allergen gene immunization and by CpG motif
immunostimulatory oligodeoxynucleotides. Allergy
1998: 53 (Suppl. 45): 93±7.

71. SLATER JE, ZHANG YG, ARTHUR-SMITH A, COLBERG-

POLEY A. A DNA vaccine inhibits IgE responses to the
latex allergen Hev b 5 in mice. J Allergy Clin Immunol
1997: 99 (Suppl.): 504.

72. CREMER R, KLEINE-DIEPENBRUCK HOPPE A, BLAKER F.
Latex allergy in spina bi®da patients ± prevention by
primary prophylaxis. Allergy 1998: 53: 709±11.

73. POSCH A, CHEN Z, WHEELER C, DUNN MJ, RAULF-
HEIMSOTH M, BAUR X. Characterization and identi®ca-
tion of latex allergens by two-dimentional electrophor-
esis and protein microsequencing. J Allergy Clin
Immunol 1997: 99: 385±95.

74. TASK FORCE ON ALLERGIC REACTIONS TO LATEX. Committee
Report. J Allergy Clin Immunol 1993: 92: 16±8.

Latex-allergic children

159


