
Background: In addition to their disease-associated handicaps,
patients with spina bifida (SB) are at high risk of developing latex
allergy. Individuals with SB represent a special group of latex-
allergic patients, inasmuch as their IgE-binding patterns differ
from those of other populations of latex-allergic individuals. Two
allergens strongly associated with latex allergy in patients with
SB—Hev b 1 and Hev b 3—have already been identified.
Objective: We intended to identify a predominant IgE-binding
band—in addition to Hev b 1 and 3—at 43 kDa in a study
population of 38 latex-allergic (IgE antibodies to latex and
symptoms on provocation with latex gloves) and 15 latex-
sensitized (IgE antibodies to latex but no symptoms on provo-
cation) children with SB (mean age, 12.3 years) and to deter-
mine its frequency of recognition.
Methods: Sera of latex-sensitized or latex-allergic patients with
SB were tested on latex C extract containing natural Hev b 1,
Hev b 3, and Hev b 7 and with the recombinant 43-kDa Hev b
7 in immunoblot and inhibition studies.
Results: Natural Hev b 1 was recognized by 82% and natural
Hev b 3 by 79% of the latex-allergic children with SB. In addition
to some other proteins, 15 (39.5%) of 38 latex-allergic and 2
(13%) of 5 latex-sensitized children with SB revealed IgE binding
to a 43-kDa band in the latex protein extract. We identified this
43-kDa IgE-binding band as natural Hev b 7 by immunoblotting
and inhibition experiments using recombinant Hev b 7.
Conclusion: From these data, we conclude that Hev b 7, the
patatinlike Hevea latex protein, is the third SB-associated latex
allergen. Future immunotherapy for latex-allergic individuals
with SB will have to include Hev b 7 in addition to Hev b 1
and Hev b 3. (J Allergy Clin Immunol 2001;108:621-7.)
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Spina bifida (SB) is a congenital disease that affects 0.4
to 1.0 of every 1000 newborns in the United States.1,2

Research studies have shown that 29% to 72% of children
and adolescents with SB are sensitized to latex, as deter-

mined by case history, skin prick testing, or blood tests.3-6

Latex is the milky sap produced by the laticiferous
cells of the tropical Hevea brasiliensis tree. It is widely
used in the manufacture of medical devices used for
examination and surgery.

Sensitization to latex proteins in children with SB has
been suggested to result from early, intense, and frequent
exposure to natural rubber latex (NRL) products in the
course of multiple surgeries, examinations, and diagnos-
tic tests beginning in the first days of life.5,7,8

Atopic disposition and the number of surgical inter-
ventions are the most important risk factors for develop-
ing latex allergy.5,7,8 Although health care workers
(HCWs) and individuals without SB who have had mul-
tiple surgical interventions show a high incidence of latex
allergy, their risk is much lower than the risk for children
with SB (up to 17% vs up to 72%).6,9

Although the incidence of SB has been reduced10,11 and
might decline further in the future, individuals with SB
who were sensitized to latex years ago are required to han-
dle their allergy as part of their SB-associated handicaps.
Therefore, research must focus on identifying all of the
proteins causing latex allergy in patients with SB, stan-
dardizing reagents for improved testing, and perhaps find-
ing ways to desensitize people with severe latex allergy.

Of the 11 officially designated H brasiliensis latex
allergens, two—the 14-kDa Hev b 1 and the 22-kDa Hev
b 3—have been found to be associated with latex allergy
in patients with SB.12-14 Alenius et al13 found that 73%
of their population of latex-allergic children with SB
showed specific IgE against both Hev b 1 and Hev b 3,
whereas only 1 (7%) of these 15 patients with SB showed
IgE against neither Hev b 1 nor Hev b 3. Of latex-
allergic patients with SB, 81% have been reported to
show IgE binding against Hev b 115 and 83% have been
reported to show IgE binding against Hev b 3.16
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In a previous study that evaluated the percentage of
latex-allergic patients with SB showing IgE against Hev
b 3, we observed a 43-kDa band present in immunoblots
of a latex protein extract that was recognized by approx-
imately half of the latex-allergic patients with SB within
that study population.16 The only 43-kDa latex allergen
that is known from the literature is Hev b 7, an NRL pro-
tein with sequence similarity to patatins, the potato tuber
storage proteins.17 Hev b 7 was described as an important
allergen for adults (49%) but not for children without
SB.18 Thus far, IgE binding against Hev b 7 has not been
evaluated among latex-allergic children with SB.

In this study, we examined the IgE reactivity against
the 43-kDa natural (n) Hev b 7 present in a latex protein
extract and recombinant (r) Hev b 7 in a population of 53
latex-sensitized children with SB. Hev b 7–specific IgE
was found more frequently in latex-allergic children with
SB than in any latex-allergic individuals without SB,
illustrating that the patatinlike latex protein Hev b 7 is the
third SB-associated Hevea allergen.

METHODS

Study population

Fifty-three latex-sensitized patients with SB, aged 4 to 23 years
(median, 12.3 years), were included in this study. These patients
were recruited from Charité, a children’s hospital in Berlin, Ger-
many. Informed consent was obtained either from patients or from
parents of patients aged younger than 18 years of age. A question-
naire that was completed by patients or their parents inquired about
clinical symptoms on contact with latex products in the daily envi-
ronment and with medical equipment. Clinical symptoms after con-
sumption of avocado, banana, and kiwi were also inquired about in
the questionnaire. In addition, blood samples were taken and skin
prick tests and provocation tests were performed.

Total IgE and latex-specific IgE were determined from patients’
sera through use of the Pharmacia CAP system (Pharmacia Upjohn,
Uppsala, Sweden).19 Skin prick tests were performed with low
ammoniated raw and unfinished NRL milk (Ansell, Munich, Ger-
many). NaCl served as a negative control and histamine (10 mg/mL)
as a positive control. Skin test responses were assessed as positive
if the maximum wheal diameter was 3 mm or greater without reac-
tion of negative control and the skin index was greater than 0.6. The
skin index was calculated as the ratio of the diameter of the allergen
wheal to the histamine wheal.

Provocation tests with latex gloves were performed as previous-
ly described.7,20 Briefly, after handwashing, the patient put one wet
hand into a latex glove (Sempermed Classic, lot YE5F7; Semperit,
Vienna, Austria) and, as a control, put the other wet hand into a neo-
prene glove (Dermaprene; Ansell, Munich, Germany). After the
patient had worn the gloves for 30 minutes (or on showing clinical
symptoms), the gloves were removed and clinical reactions were
assessed by a physician. The single-blinded test response was
assessed as positive if typical immediate-type clinical reactions (eg,
urticaria or Quincke’s edema) occurred. Care was taken under con-
tinuous observation that the patient did not rub the glove on other
parts of the body.

Five atopic donors with high IgE levels for birch pollen but no
latex-specific IgE were used as negative controls.

Allergens

Recombinant Hev b 7 and latex C extract were prepared as
described.21 Briefly, the full-length cDNA encoding Hev b 7 was

cloned into the Pichia pastoris expression vector pPIC9 and puri-
fied from the culture supernatant with anion exchange and
hydrophobic interaction chromatography.21

To obtain latex C extract, fresh Hevea latex was collected from
rubber trees (H brasiliensis RRIM 600 clone) into chilled contain-
ers and then centrifuged at 44,000g at 4°C for 1 hour. The aqueous
phase—the C extract—was collected, and the centrifugation was
repeated. The clear aqueous C extract was freeze-dried and stored at
–20°C.21 This extract contained (among several other latex pro-
teins) nHev b 1, nHev b 3, and nHev b 7.

Immunoblot analysis and inhibition

experiments

Immunoblotting was performed as previously described.16

Briefly, 1 µg rHev b 7 or 75 µg latex C extract per lane was sepa-
rated on 12% SDS PAGE gels and blotted onto a nitrocellulose
membrane. The membrane was treated with blocking buffer (40
mmol/L Na2HPO4, 7 mmol/L NaH2PO4, 0.5% w/v BSA, 0.05%
w/v sodium azide, 0.5% w/v Tween-20, pH 7.5) and incubated with
patients’ sera overnight at 4°C. For inhibition experiments, patients’
sera were preincubated with 20 µg rHev b 7 overnight at 4°C. After
washing with blocking buffer, the membrane was incubated with a
125I-labeled antihuman IgE antibody (IBL, Hamburg, Germany) and
bound IgE was visualized by autoradiography.

RESULTS

Evaluation of the study population

In this study, we evaluated a population of 53 latex-
sensitized individuals with SB; they had a median age of
12.3 years (Table I). Total IgE ranged from 4.0 kU/L to
1865.0 kU/L (median, 300.9 kU/L). Latex-specific IgE in
serum ranged from 0.4 kU/L to 98.6 kU/L (median, 14.1
kU/L). Thirty-eight of the 53 tested patients showed a
positive response to the glove provocation test (latex-
allergic SB group, Table I), whereas 15 patients with SB
were sensitized but provocation-negative (latex-
sensitized SB group, Table I).

After eating avocado, banana, or kiwi—3 fruits
described as contributing to the latex fruit syn-
drome22,23—none (0%) of the latex-sensitized and 2
(5%) of the 38 latex-allergic children with SB had a his-
tory of localized type I symptoms, as determined by the
questionnaire. No systemic allergic reactions were
described in the questionnaire; patient 2 complained
about perioral contact urticaria after eating kiwi, and
patient 22 complained about a localized pruritus and
perioral urticaria after eating banana (Table I).

The 5 patients who were allergic to atopic birch pollen
showed no specific IgE to latex with the Pharmacia CAP
system and no reaction to skin prick testing (data not
shown).

Immunoblot and inhibition studies of Hev b 7

By immunoblot analysis, all 53 sera described in Table
I were screened for specific IgE against latex C extract
proteins, which included the 43-kDa nHev b 7. This
extract also contains nHev b 1 (14 kDa) and nHev b 3 (23
kDa). Only sera that recognize Hev b 7 among other latex
allergens are shown in Fig 1. Natural Hev b 7–positive
sera were then tested for their IgE binding to rHev b 7
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TABLE I. Characterization of the study population, which consisted of 38 latex-allergic and 15 latex-sensitized children
with spina bifida

SPT Total IgE Latex-specific Latex CAP IgE to IgE to IgE to 

Patient no. Age (y) Sex result (kU/L) IgE (kU/L) class Hev b 7* Hev b 1* Hev b 3* Fruits†

Latex-allergic children
with spina bifida

1 17 M + 194 0.7 2 – – – –
2 12 F + 117 2.7 2 + + + K
3 18 M + 107 4.2 3 – + + –
4 10 F + 44 2 2 – – – –
5 11 M + 182 5.3 3 – + + –
6 8 M + 970 24 4 – + + –
7 15 M + 43 2 2 + + + –
8 13 F + 33 1.1 2 – + + –
9 8 F + 68 12.4 3 – + + –

10 11 M + 691 13 3 – – + –
11 10 M + 85 26 4 – + + –
12 6 M + 458 21.7 4 – + + –
13 10 F + 53 6.8 3 – + + –
14 11 F + 112 35.9 4 – + + –
15 18 M + 1318 18.9 4 + + + –
16 7 M + 286 45.1 4 – – + –
17 8 M + 46 1 2 – + + –
18 22 M + 114 6.6 3 + + + –
19 12 M + 121 1.1 2 + – + –
20 11 M + 176 46.4 4 + + + –
21 8 M + 84 7 3 – + + –
22 11 M + 926 14 3 – – – B
23 6 M + 318 6 3 – + – –
24 4 M + 140 4.8 3 – + + –
25 20 M – 75 0.5 1 – + – –
26 10 F + 58 22.8 4 + + + –
27 10 M + 1865 98.6 5 + + + –
28 7 M + 221 19.5 4 – + + –
29 21 F + 218 42.3 4 + + + –
30 7 M + 113 25.8 4 + + + –
31 23 M + 238 22.1 4 – – + –
32 11 M + 353 9.4 3 – + – –
33 13 F + 449 16.7 3 – + + –
34 14 M + 69 6 3 + + + –
35 14 M + 1770 31.7 4 + + + –
36 8 M + 175 33.4 4 + + + –
37 9 F + 860 35 4 + + – –
38 8 F + 226 13.6 3 + + – –

Latex-sensitized children
with spina bifida

1 14 M + 244 0.4 – – 1 + –
2 6 F + 24 2.5 2 – – – –
3 21 M – 4 1.9 2 – – – –
4 15 F + 1181 14.3 3 – + – –
5 7 F – 35 0.9 2 – – – –
6 15 F – 122 0.4 1 – – – –
7 13 F + 26 4.1 3 – – – –
8 12 F + 404 1.8 2 – – – –
9 15 F + 60 2.2 2 – – – –

10 23 F + 132 1.7 2 – + + –
11 11 M – 105 0.9 2 – + – –
12 14 F + 24 1.6 2 + + – –
13 12 M + 178 26.5 4 + + + –
14 16 F – 8 0.9 2 – + + –
15 16 M + 27 0.6 1 – + – –

SPT, Skin prick test; K, kiwi; B, banana.
*As determined by immunoblot.
†Allergic symptoms after eating fruits.
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expressed in P pastoris (Fig 1). With respect to IgE-
binding capacity, nHev b 7 in latex C extract and rHev b
7 were comparable; in other words, rHev b 7 expressed
in P pastoris is immunologically equivalent to nHev b 7
present in latex C extract, as has been asserted by Sowka
et al.21 Fifteen (39.5%) of 38 latex-allergic and 2 (13%)
of 15 latex-sensitized children with SB (Table I; Fig 1)
revealed IgE binding to natural as well as rHev b 7. The

negative control serum pool of 5 atopic birch
pollen–allergic donors showed no IgE binding either to
nHev b 7 or rHev b 7 or to any other latex C extract pro-
teins. In Table II, these findings are summarized and
compared with previously published data illustrating that
latex-allergic children with SB are especially prone to
sensitization against Hev b 7 in comparison with latex-
allergic children without SB.

FIG 1. Immunoblot analysis of 38 latex-allergic (A) and 15 latex-sensitized (B) patients with SB with latex C
extract and rHev b 7. Only the Hev b 7–positive results are shown. Patient numbers refer to Table I. Controls
(C) consist of a negative control serum pool of 5 atopic donors without latex allergy (lane N) and a buffer
control (lane B).

FIG 2. Inhibition experiment. A pool of the 17 Hev b 7–positive
sera from latex-sensitized or latex-allergic patients with SB (as
listed in Table I) was tested on latex C extract without pretreat-
ment (lane 1) and after preincubation with rHev b 7 (lane 2). Lane
N, negative control serum pool of 5 atopic donors without latex
allergy. Lane B, Buffer control.

FIG 3. IgE recognition patterns of latex-sensitized or latex-allergic
children with SB. Lower panel shows the different possible com-
binations of IgE binding to the 3 latex allergens associated with
latex allergy in children with SB. Upper panel shows the percent-
age of IgE recognition of the possible combinations shown in the
lower panel. Black bars indicate data for the latex-allergic SB
group (n = 38); gray bars indicate data for the latex-sensitized SB
group (n = 15). The number of individuals recognizing the differ-
ent combinations of allergens in relation to the total number of
individuals is indicated over or under each bar.
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To verify that the proposed 43-kDa band recognized in
the latex C extract is indeed nHev b 7, all Hev b 7–
positive sera were pooled and preincubated with 20 µg
rHev b 7. The pretreated serum pool was used for inhibi-
tion experiments on latex C extract. Recombinant Hev b
7 was able to abolish IgE binding to nHev b 7 (Fig 2, lane
2). The recognition intensities of the 14-kDa nHev b 1
band and the 23-kDa nHev b 3 band were not reduced
after preincubation of the pooled sera with rHev b 7 (Fig
2). In addition, preincubating the pooled sera with rHev
b 1 and rHev b 3 had no effect on the IgE binding to nHev
b 7 present in latex C serum (data not shown).

IgE recognition patterns of latex-allergic or

latex-sensitized children with SB

The immunoblots of sera of all of the 53 patients on
latex C extract also produced data on the IgE recognition
of Hev b 1 and Hev b 3 (Table I). Thirty-one (82%) of 38
latex-allergic and 7 (47%) of 15 latex-sensitized children
with SB revealed IgE binding to Hev b 1 (Table I). Hev
b 3 was recognized by 30 (79%) of 38 latex-allergic and
4 (27%) of 15 latex-sensitized children with SB (Table I).

In Fig 3, the possible combinations of the 3 SB-associ-
ated latex allergens—Hev b 1, Hev b 3, and Hev b 7—as
recognized by IgE of latex-sensitized or latex-allergic
children with SB are illustrated. Only 8% of the latex-
allergic but 47% of the latex-sensitized patients with SB
did not reveal IgE binding to Hev b 1, Hev b 3, or Hev b

7 (Table I; Fig 3). The frequency of recognition of only 1
of the 3 allergens was 16% among the latex-allergic
patients and 27% in the latex-sensitized SB group (Table
I; Fig 3). None of the patients showed IgE against Hev b
7 alone (Table I; Fig 3). Of the latex-allergic children with
SB, only 8% displayed IgE against Hev b 1 and only 8%
displayed IgE against Hev b 3 (Table I A; Fig 3). Latex-
allergic patients who recognized 2 allergens reacted main-
ly with Hev b 1 and Hev b 3 (37%), the most frequent
combination of IgE recognition among latex-allergic chil-
dren with SB. Only 3 latex-allergic children with SB
reacted with a combination of either Hev b 1 and Hev b 7
or Hev b 3 and Hev b 7 (Table I; Fig 3). Thirty-two per-
cent of the latex-allergic patients displayed IgE against
Hev b 1, Hev b 3, and Hev b 7 together (Table I; Fig 3).

DISCUSSION

Hev b 7 has been identified as an important allergen for
latex-allergic adults17,18,21,24-27 but not for latex-allergic
children without SB.18 In our study, we focused on a pop-
ulation of 53 patients with SB—38 latex-allergic and 15
latex-sensitized children—and their IgE binding to Hev b
7. In all, 15 (39.5%) of 38 latex-allergic and 2 (13%) of
15 latex-sensitized children with SB had serum IgE that
bound to Hev b 7. The high percentage of IgE recognition
by sera from latex-allergic patients with SB establishes
Hev b 7 as the third SB-associated latex allergen.

TABLE II. IgE binding to Hev b 7: a comparison

Population/study (year) Allergen source IgE binding and study population IgE binding Assay

Latex-allergic children with SB
Present study (2001) nHev b 7c and rHev b 7 (yeast) 15/38 (40%) latex-allergic children with SB Immunoblot

2/15 (13%) latex-sensitized children with
SB

Latex-allergic children
Seppälä et al18 (2000) nHev b 7c 1/35 (3%) latex-allergic children Immunoblot,

(including 7 with SB) ELISA, SPT
Latex-allergic adults, mostly HCWs

Beezhold et al24 (1994) Ammoniated and non- 10/40 (25%) latex-allergic adults Immunoblot
ammoniated latex extract (including 34 HCWs and 1 patient

with multiple urogenital surgeries)
Kostyal et al17 (1998) rHev b 7 as GST fusion (E coli) Pool of 5 latex-allergic HCWs Immunoblot
Yip et al25 (2000) rHev b 7 as GST fusion (E coli) 12/31 (39%) latex-allergic patients SPT

(including 20 HCWs)
Seppälä et al18 (2000) nHev b 7c 17/35 (49%) latex-allergic adults Immunoblot,

ELISA, SPT
Latex-allergic adults

Sowka et al21 (1998) nHev b 7c as well as rHev b 7 4/36 (11%) latex-allergic patients Immunoblot
(yeast, isoform S1)

Sowka et al26 (1999) Latex C extract as well as rHev b Only positive patients are shown Immunoblot,
7 (yeast, isoforms S1 and S2) ELISA, SPT
and rHev b 7/GST fusion
(E coli, isoform D1and D2)

Yeang et al27 (2000) nHev b 7c (isoform of latex 3/36 (8%) latex-allergic patients with Immunoblot
C extract) and nHev b7 b Hev b 7c
(isoform of latex B extract) 22/36 (61%) latex-allergic patients with

Hev b 7b

SB, Spina bifida; SPT, skin prick test; HCW, health care worker; E coli, Escherichia coli.
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Several groups have evaluated the IgE binding to the 43-
kDa latex allergen Hev b 7.17,18,21,24-27 These data are sum-
marized and compared with our data in Table II. Because of
different study designs, data on the percentage of IgE bind-
ing to Hev b 7 varied from 8% to 61% (Table II). The IgE
binding to Hev b 7 was examined through use of different
methods, including immunoblot, ELISA, and skin prick
testing. The study populations consisted mainly of adult
latex-allergic patients, including a high percentage of
HCWs. Only Seppälä et al18 focused on latex-allergic chil-
dren and their IgE-binding pattern to Hev b 7. Allergen
sources ranged from ammoniated and nonammoniated latex
extracts to purified nHev b 7 and rHev b 7 produced in
Escherichia coli or P pastoris. The immunologic equiva-
lence of the rHev b 7 preparations produced in E coli or
yeast and their isoforms (S1, S2, D1, and D2) was shown to
be identical to that for nHev b 7 present in latex C extract.26

In the investigation of Seppälä et al,18 which was the
only study to examine latex-allergic children, the popula-
tion consisted of 35 individuals, among whom were 7
children with SB. Only 1 of the 35 tested sera of latex-
allergic children showed IgE against Hev b 718; this was
not a child with SB (U. Seppälä, personal communica-
tion). In contrast, we observed a significantly higher per-
centage (39.5%) of IgE binding to Hev b 7 in our study
population of latex-allergic children with SB.

The cross-reactivity between Hev b 7 and the potato
seed storage protein patatin was described by Seppälä et
al.18 Patatin homologs are found not only in H brasilien-
sis latex and Solanaceae but also in cucumber (Cucumis
sativus [EMBL database: Y12793]) and possibly other
plants and fruits as well. Accordingly, we wanted to know
whether latex-allergic children with SB are also especial-
ly prone to sensitization against fruits associated with the
latex fruit syndrome—eg, avocado, banana, and kiwi.
Möller et al23 illustrated with immunoblot inhibition stud-
ies that a 43-kDa protein in avocado, banana, and kiwi
extracts showed cross-reactivity with a 43-kDa protein
present in the latex extract. In the present study, only 2
patients displayed allergic symptoms after eating kiwi or
banana (Table I), and none did so after eating avocado.
We conclude that allergy against fruits contributing to the
latex fruit syndrome is not a significant problem for latex-
allergic children with SB, though atopy itself has been
described as one of the 2 most important risk factors for
latex allergy in patients with SB.6,28

Hev b 1, Hev b 3, and now Hev b 7 are associated with
latex allergy in children with SB. No disposition for a
Hev b 7 sensitization could be deduced from the patient’s
age, CAP class, or latex-specific IgE (Table I). However,
it is interesting that most patients were sensitized either
to Hev b 1 and Hev b 3 (37%) or to Hev b 1, Hev b 3, and
Hev b 7 (32%; Fig 3). No monosensitization to Hev b 7
could be observed (Table I; Fig 3). Nevertheless, it is
noteworthy that 3 of 38 latex-allergic children with SB
who showed positive reactions after provocation with
latex gloves recognized Hev b 1, Hev b 3, or Hev b 7
(Table I, Fig 3); one of these children reacted with type I
allergic symptoms after eating banana (Table I, patient

22). These 3 patients displayed an IgE-binding pattern
completely different from that which is common for
latex-allergic children with SB (data not shown).

Our data indicate that 4 of 10 latex-allergic patients
with SB show IgE directed against Hev b 7, representing
a much higher percentage of IgE binding to Hev b 7 than
is seen in groups of latex-allergic adults and children
without SB. Therefore, we conclude that the patatinlike
latex protein Hev b 7 is the third SB associated Hevea
allergen. Future immunotherapy for latex-allergic indi-
viduals with SB will need to include Hev b 7 in addition
to Hev b 1 and Hev b 3.

In summary, our data confirm once again that latex-aller-
gic children with SB are a distinct group of latex-
allergic patients and that their IgE-binding patterns differ
from those of other populations of latex-allergic individuals.

We are grateful to Hong Yeet Yeang for the provision of the latex
C extract and to Nyu Ping Chew for technical assistance with Hevea
RNA isolation.
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