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Background: Recent studies have caused much controversy 
about the prevalence of IgE antibodies to Hev b 1 among 
health care workers (HCWs) and patients with spina bifida 
(SB) who are allergic to latex. This investigation was carried 
out to verify the results reported. 
Method: Serum samples from 140 patients with SB as well as 
from 105 HCWs allergic to latex were tested by enzyme aller- 
gosorbest test (EAST) and EAST-inhibition assay to evaluate 
the rate and degree of sensitization to highly purified Her b 1. 
Results: Eighty-one percent of patients with SB who were 
allergic to latex had IgE antibodies against Hev b 1. The 
prevalence of anti-Hev b 1 antibodies among HCWs allergic 
to latex was 52.3%. In 15 of 33 serum samples from patients 
with SB that were randomly tested, the IgE binding to com- 
mercial latex allergens could be completely inhibited by Her 
b 1; in only six cases was the maximum inhibition of IgE 
binding to latex by Her b 1 iess than 50%. Testing two mono- 
clonal anti-Hev b 1 antibodies with extracts of five brands of 
latex gloves revealed a predominant presence of Hev b 1 pro- 
tein as a monomer or its aggregates. Molecular analysis of 
human leukocyte antigen-D region genes DRB and DQB1 
suggested no statistically significant correlation between the 
human leukocyte antigen aileles tested and IgE responsive- 
ness to Hev b 1. 
Conclusions: Our results indicate that Hev b 1 not only 
makes significant contributions to the IgE binding to latex, 
but it is also the unique sensitizer in about 45% of patients 
with SB who are allergic to latex. (J Allergy Clin Immunol 
1997;100:684-93.) 
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IgE-mediated type I hypersensitivity to natural  rubber  
latex (NRL) represents an important  occupational prob- 
lem, especially among the health care workers (HCWs) 
who have to use latex gloves regularly. J-3 However, since 
1989, when the possibility of severe allergy to NRL in 
children with spina bifida (SB) was first reported, 4 
studies based on clinical history and immunologic find- 
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Abbreviations used 
2D-PAGE: Two-dimensional polyacrylamide gel 

electrophoresis 
DNA: Deoxyribonucleic acid 

EAST: Enzyme allergosorbent test 
ES-MS: Electrospray mass spectrometry 

HCW: Health care worker 
HLA: Human leukocyte antigen 

HPLC: High-performance liquid chromatogra- 
phy 

mAb: Monoclonal antibody 
NRL: Natural rubber latex 

SB: Spina bifida 
SDS: Sodium dodecylsulfate 

SDS-PAGE: Sodium dodecylsulfate-polyacrylamide 
gel electrophoresis 

SPT: Skin prick test 

ings (skin and serologic testing) have shown that be- 
tween 18% and 73% of individuals with SB are sensitive 
to latex. »-7 Therefore, patients with SB are at the highest 
risk for developing latex allergy. The type of allergic 
reactions to NRL can range from contact urticaria, 
rhinoconjunctivitis, and asthma to life-threatening ana- 
phylactic shock. Exactly how this allergy develops is still 
not  known, in particular the initial steps of sensitization. 
The unspecified proteins retained in the final latex 
products are thought to be the allergen in type I 
hypersensitivity reactions. 8 

The IgE binding reactivity of Her  b 1 (rubber elonga- 
tion factor 9) was first reported by Czuppon et al. 1° In 
that study, Hev b 1 was shown by competitive inhibition 
assay to react with serum IgE in serum samples from all 
13 of their patients (HCWs) allergic to latex. However, 
recent studies 1 via that involved an immunoblot t ing tech- 
nique showed a far lower prevalence (about 20%) of 
ant i -Hev b i antibodies especially among HCWs allergic 
to latex. Because the Hev b 1 protein is tightly associated 
with rubber  particles 9 and getting an appropriate 
amount  of purified Hev b 1 is very difficult, these results 
are so rar not  confirmed by a well-established detection 
method with a larger number  of serum samples. 

In our most recent studies 13 on the allergenicity of 
hevein in NRL, we showed that about 75% of HCWs 
with an allergy to latex had hevein-specific IgE antibod- 
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ies; however,  less t han  30% of the  pa t ien ts  with  SB who 
had  latex allergy showed IgE ant ibodies  against  h e r e i n  

in thei r  sera. These  findings indicate  tha t  different 

pa t i en t  groups may be  susceptible to developing an IgE 
response  to special latex allergen. Regard ing  the ex- 
t remely  high preva lence  of latex allergy in pa t ien ts  with  
SB, the  charac ter iza t ion  and evaluat ion of the  major  

responsible  latex al lergens are the re fore  of u tmos t  im- 
por tance ,  part icular ly for p repar ing  rel iable diagnost ic  
reagents  and in developing prevent ive  measures  to avoid 

the  deve lopmen t  of latex allergy. 
In this study we first analyzed five b rands  of latex 

gloves tha t  were most  f requent ly  used in our  hospi tal  
and  demons t r a t ed  tha t  Hev  b 1 is the  p r e d o m i n a n t  

p ro te in  re leased  in the  aqueous  extract. Using  a new 
procedure  with a combina t ion  of de te rgen t  solubiliza- 

t ion and  h igh-pef fo rmance  liquid ch roma tog raphy  
(HPLC) ,  we isolated and  purif ied a cons iderable  a m o u n t  
of Hev b 1 p ro te in  f rom rubbe r  particles. By enzyme 
a l le rgosorbent  test  (EAST)  and  i m m u n e  inhibi t ion as- 
say, we evaluated  the  IgE binding reactivity of highly 
purified Hev b 1 in se rum samples  f rom 140 pa t ien ts  with 
SB and  f rom more  t han  100 H C W s  with allergy to latex. 
Our  results  demons t r a t e  tha t  H e r  b 1 significantly 
cont r ibutes  to the  el ici tat ion of allergic responses  to 
latex and, in many  cases, it may also be  the  un ique  
sensit izer  to cause the  latex allergy in individuals with 
spina bifida. Moreover ,  studies of  deoxyribonucleic  acid 
( D N A )  typing of h u m a n  leukocyte ant igen ( H L A ) - D  
genes in a group of 60 pa t ien ts  with  SB were  also 
pe r fo rmed  to invest igate  the  potent ia l  genet ic  p ropen-  
sity to develop an  immedia te - type  i m m u n e  response  in 

such patients .  

METHODS 
Natural rubber latex 

NRL was obtained from the Rubber Research Institute of 
Malaysia. It was collected from rubber trees (Hevea brasiliensis) 
of the clone RRIM 600 and was immediately ammoniated at 
0.7% and shipped without freezing. 

Latex glove extracts 
Latex gloves were cut into about 5 × 5 mm 2 pieces and were 

extracted in phosphate-buffered saline containing 1% sodium 
dodecyl sulfate (SDS) at pH 7.2 by shaking for 2 hours at 37 ° C. 
Thereafler the rubber pieces were removed by centrifugation, 
the supernatant was dialyzed through a cellulose tube (molec- 
ular weight cutoff of 1500 Da) against distilled water for 48 
hours at 4 ° C, and then lyophilized. 

Patient and control serum samples 
Serum samples from all 140 patients with SB (70 males, 70 

females) eollected to date in the Children's Hospital of Co- 
logne, Germany, were used in this study. The mean age of the 
patients was 9.7 years (range, 1.2 to 27.1 years). Two patients 
had never received an anesthetic, and the other 138 patients 
had a history of receiving one or more general anesthetics 
(range, I to 27). Based on the questionnaire and SXl-test in the 
CAP system, 46 (33%) patients were found to be atopic, Based 
on the CAP system, 69 (49%) patients had specific IgE anti- 
bodies to latex in their sera as determined by latex RAST. Of 

these 69 patients, 24 (33.3%) also showed hypersensitivity 
responses to latex products. The reactions included contact 
urticaria, rhinitis, bronchospasm, angioedema, and anaphylaxis 
(n = 4). For comparison, t05 serum samples from HCWs with 
latex allergy were studied. All patients in the HCW group were 
occupationally exposed to latex gloves. They showed a positive 
skin prick test (SPT) result to tatex extract prepared in our 
laboratory and had specific IgE antibodies to latex in sera as 
determined by latex RAST with the CAP system. As negative 
controls, serum samples from 10 HCWs who had neither 
clinical symptoms nor IgE antibodies to latex proteins were 
used. 

Production of monoclonal antibodies to Hev b 1 
Two monoclonal antibodies (mAbs) directed against Hev b i 

protein used in the study were produced as previously de- 
scribed. 14 Both mAbs were isotyped as IgG-K. Epitope mappJng 
with the use of synthetic overlapping Hev b 1 peptides has 
revealed that one of the mAbs, indicated as II4G9, was 
specifically bound to the C terminal of Hev b 1 (residnes 122 to 
134) I4 and the other mah,  II4F9, recognized the peptide with 
amino acid residues of 46 to 54. 

Protein purification and characterization 
Hev b 1 was isolated from the NRL by a modification of a 

previously described procedure. 15, ~6 Crude Her b 1 protein was 
extracted from rubber particles that were freed from the [atex 
serum proteins by a solution containing 2% SDS. To remove 
the residuat SDS detergent in the extract, the lyophilized 
protein extract suspended in the Tris buffer (50 mmol/L) was 
loaded onto a colunm of detergent adsorber geI (5 ml, Boehr- 
inger Mannheim, Mannheim, Germany) previously equili- 
brated witb the same buffer. The column was etuted at a flow 
rate of 1 ml~min and the fraction containing pro~eins was 
collected. For preparative purification of the Her b I protem. 
the SDS-free protein solution was applied to a RESOURCE 3 
ml reverse-phase column 16.4 mm id z 100 mm: Pharmacia 
Biotech= equilibrated with 40% solution B (0,06% trifluoroace- 
tic acid in acetonitrile: solution A was 0.1% trifluoroacetic acid 
in watet) and eluted by HPLC with a linear gradient from 40% 
to 70% solution B in 25 minutes at a flow rate of 2 ml mm. 
Elution of proteins was monitored by ultraviolet absorbance at 
230 nm. The pooled fractions containing Hev b I protein. 
eluting with a retention time at about 15 minutes, were either 
lyophilized or concentrated with the use ol a stirred pressure 
uttrafiltration cell with a YM3 membrane (Amicon). The purity 
of the Her b 1 protein was verified by analytiea! HPLC on a 
column of Grom-Protein C4 using a gradient from 40% ro 90% 
solution B in 25 minutes at a flow rate of 1 ml 'min. For the mass 
determination, the purified Hev b 1 protein at a concentration 
of about 2.5 pmol/bd in acetonitrile/water (3:7 vol/volt contam- 
ing 10% acetic acid was injected into the electrospray lon 
source of a Finnigan TSQ 7000 triple quadrupole mass spec- 
trometer al a flow rare of 3 ~l/min. The spectra were recorded 
under unit-mass resolution in the positive ion mode. 

Measurement of IgE antibodies 
[gE antibodies to the whole latex allergens were determined by 

the CAP system using commercial solid-phase Iatex allergen (latex 
ImmunoCAP) from Pharmacia Biotech according to the manu- 
facturer's instructions. Specific IgE antibodies against Hev b 1 
were detected by EAST as described previously .4 with the use of 
paper discs coupled with HPLC-purified Hev b i protein (coupling 
concentration of 2 mg protein/ml). A Phadezym RAST kit (Phar- 
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macia) was used to estimate the specific IgE values. It should be 
noted that the measuring range of IgE antibodies in serum 
samples differs by these two methods. According to the manufac- 
turer, the ImmunoCAP used as allergen carrier by the CAP system 
has a higher binding capacity than a corresponding paper disc. In 
addition, the CAP system utilizes IgE (Fc)-specific combinations 
of polyclonal and monoclonal anti-IgE antibodies that are labeled 
with 13-galactosidase-generating fluorescence, and this reagent 
shows higher immunoactivity than that used in the Phadezym kit 
for EAST. Thus, the lower and upper cutoff points by the CAP 
system are 0.35 and 100 kU/L, white the measuring range by EAST 
is 0.35 to 17.5 kU/L. Serum samples with IgE concentration ->0.35 
kU/L were regarded as positive, as recommended by Pharmacia. 
All positive samples were assayed a second time to confirm the 
results. In addition, the samples with anti-Hev b 1 IgE results 
between 0.35 and 0.7 kU/L as determined by EAST were exam- 
ined by an autoinhibition assay to verify the binding specificity. 
The results were then regarded as positive if the IgE binding was 
able to be completety inhibited by Hev b 1 solution. 

Inhibition enzyme immunoassays 
The relative ability of Hev b 1 protein to interact with IgE 

antibodies in patient serum samples was determined by com- 
petitive inhibition in modified CAP assays as follows: A 10 Ixl 
antigen solution at a concentration of 1 mg/ml in dilution buffer 
(phosphate-buffered saline containing 1% bovine serum albu- 
min) was mLxed with 50 ixl patient serum. The antigen-antibody 
mixes were altowed to equilibrate overnight at 4 ° C. The mixes 
were then individually transferred into wells with solid-phase 
allergen latex ImmunoCAP, and the IgE antibodies binding to 
latex were determined by the CAP system as described above. 
As a control, the IgE concentration in the serum samples was 
predetermined with the same process by mixing 50 bd patient 
serum with 10 Ixl dilution buffer. To obtain analogous condi- 
tions, the serum samples with a specific IgE concentration 
greater than 15 kU/L were prediluted to give a final IgE 
concentration of about 5 to 10 kU/L. Results are expressed as 
the percent inhibition of the reaction of IgE in the absence of 
inhibitor. 

SPTs 
SPTs of patients with the use of purified Hev b 1 was 

approved by the Institutional Human Investigation Committee, 
University of Bochum and was completed with the consent of 
the parents of patients with SB. The purified Hev b 1 was 
dissotved in sterile satine solution containing 0.4% phenol 
(diluent) to give three final concentrations of 10, 50, and 100 
ixg/ml. For comparison, a latex solution containing total latex 
proteins (100 ixg/ml) extracted from latex sap was used. A 
negative control solution (diluent) and a positive control solu- 
tion (10% histamine) were applied to all patients. To avoid an 
unexpected overreaction, the subjects with positive IgE anti- 
bodies to latex or symptoms after exposure to latex products 
first underwent SPT with the Hev b 1 solution at the lower 
concentration. If no distinct reaction was observed, then the 
SPT was applied with more concentrated solutions. Skin reac- 
tions were read after 15 minutes and were considered positive 
when the mean wheal diameter was 3 mm or greater sur- 
rounded by an erythema and was at least half the size of the 
reaction to histamine as well. 

Electrophoresis and immunoblotting 
One-dimensional SDS-polyacrylamide gel electrophoresis 

(PAGE) and immunoblot analysis of the protein extracts from 

latex gloves were performed with the use of a 16% polyacryl- 
amide gel under reducing conditions as described before. ~7 The 
nmrine mAbs II4G9 and II4F9 (raised against Hev b 1) and 
alkaline phosphatase-conjugated goat anti-mouse IgG (Sigma 
Chemical Co., St. Louis, Mo.) were used to detect Hev b 1 
protein in the glove extracts. A serum pool from five patients 
with SB and latex allergy and alkaline phosphatase-coupled 
goat anti-human IgE (e-chain specific) antibodies (Sigma 
Chemical Co.) were used to detect the IgE binding activity to 
proteins in glove extracts. 

Two-dimensional polyacrylamide gel electrophoresis (2D- 
PAGE) with immobilized pH gradients followed by immuno- 
blotting with serum samples of patients allergie to latex or 
mAbs was performed as described previously. 15 

Deoxyribonucleic acid typing of human leukocyte 
antigen-D region genes DRB1, DRB3, DRB4, 
DRB5, and DQB1 

To investigate the relationship between HLA class II alleles 
and the specific immune response to Hev b 1 in patients with SB 
and latex allergy, 30 blood samples from patients with SB who 
had specific IgE antibodies to Her b 1 were studied by DNA 
typing of HLA-D genes DRB1, DRB3, DRB4, DRB5, and 
DQB1. DNA was extracted from the white blood cells of each 
subject by use of the DNA Easy-Prep kit (Lifecodes, Belgium). 
HLA-specific amplification and the determination of HLA class 
II phenotypes (DRB1, DRB3, DRB4, DRB5, and DQB1) were 
performed by polymerase chain reaction/sequence-specific oli- 
gonucleotide probe analysis, as described previously. 18 For 
comparison, blood samples from 30 patients with SB who were 
not allergic to latex were also studied. In addition, blood 
samples from 90 healthy subjects who showed no allergic 
responses by SPT with 20 standard allergens were used as 
controls. All subjects (patients and controls) are from the 
western part of Germany. This study was approved by the 
Committee on Medical Ethics of the Ruhr-University Bochum. 

Statistical analysis 
Statistical analysis was performed with the use of Fisher's 

exact test (two-sided) with a StatXact program (Cytel Software, 
Cambridge, Mass.) in all cases. With the determination of HLA 
class II phenotypes, the correctedp value (Pc) was calculated by 
multiplying thep value with the number of the alleles tested for 
each locus. The correction factor for DRB1 was 26, which 
corresponds to the 13 broad DRB1 antigens studied and the 
division into two subgroups (Hev b 1-positive and Hev b 
1-negative). Similarly, the correction factors for other pheno- 
types were: DRB3 = 6, DRB4 = 2, DRB5 = 2, and DQB1 = 
30. 

RESULTS 
Identification of Hev b 1 protein in gloves 

To identify whe the r  the  Hev b 1 p ro te in  is also 
involved in the  latex gloves and  can be  re leased by 
extract ion with aqueous  solut ion conta in ing detergent ,  
four b rands  of surgical and  orte b r a n d  of examinat ion  
gloves regularly used in ou t  medic ine  d e p a r t m e n t  were 
used for extract ion of aqueous  soluble pro te ins  using 1% 
SDS solution. Pro te in  analysis revealed tha t  the soluble 
p ro te in  con ten t  in the  different gloves ranged  f rom 331 
to 1033 ixg p ro te in  per  g ram rubber .  Af ter  dialysis and  
lyophilization, the  pro te in  extracts were  analyzed by 
one-d imens iona l  SDS-PAGE.  As shown in Fig. 1, At, 
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FIG. 1. SDS-PAGE analysis and immunoblot results of protein extracts from latex gloves. A, SDS-PAGE 
ana]ysis of protein extracts (10 ~.g protein each) from four brands of surgical (lanes 1 to 3 and 5) and one brand 
of examination (lane 4) gloves by use of a 16% gel and Coomassie brilliant blue staining. B, tmmunostaining 
of the glove extracts by the use of mAb 114G9 directed against Hev b 1 residues 122 to 134. C, Immunostaining 
of the glove extracts using a serum pool from five patients with SB and latex allergy with an IgE value of 13.3 
kU/L against Hev b 1. 

most of the soluble proteins from the latex gloves 
appeared in the 15 kd area. In samples with nos. 1 and 4, 
protein bands with molecular weights of 40 kd or more 
could be also observed. Results of immunoblot analysis 
with mAb II4G9 (Fig. 1, B) revealed that at least three 
bands in the extracts from three surgical gloves (lanes 1, 
3, and 5) and up to six bands in the extract of the 
examination glove (lane 4) were recognized by the mAb. 
Only one sample extract of surgical glove (lane 2) 
showed a single band with the mAb reactivity. 

Monoclonal antibody II4G9 is specifically recognized 
by Hev b 1 protein with the C terminal residues of 122 to 
13414 and showed no cross-reaction to any proteins in 
both soluble and particle-bound protein fractions of 
NRL by immunoblotting as described previously. ~5 

Thus, it can be concluded that the protein bands with 
molecular weight other than 14 kd on SDS-PAGE 
represent the aggregate products with Hev b 1 fragment, 
which probably happened during production of the 
gloves. Immunoblotting with the second mAb II4F9 gare 
a identical binding profile, except that additional 
smeared bands appeared in the 8 to 10 kd area (data not 
shown). This indicates the presence of the Hev b 1 
fragments by loss of some C terminal amino acids, 
because the mAb II4F9 binds specifically to the Hev b 1 
residues 46 to 54. Immunoblotting with the use of IgE 
antibodies in a serum pool from five patients with SB 
who were allergic to latex with an IgE value of 13.30 
kU/L against Her b 1 showed a similar reaction pattern 
(Fig. 1, C). The negative control of unrelated mAbs and 
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F I G .  2. Mass analysis of HPLC-purified Hev b I by ES-MS. The mass spectroscopy spectrum of Hev b 1 protein 
released from rubber particles by SDS treatment and purified by reverse-phase HPLC revealed a series of 
mult iply charged protein ions. Deconvolution of these protein ions indicated the presence of a single species 
with a mass of 14634.0 Da, with a S.D. of 1.1 Da, which is consistent with the calculated mass of Hev b 1 in the 
SWlSS-PROT database (14,632 Da). Further exarnination of this data set (results not shown) did not identify 
any other components. 

latex-negative serum pool showed no binding reactivity 
of proteins in the glove extracts (data not shown). 

Isolation and characterization of Hev b 1 protein 
in latex 

As already shown in our previous work, 15 2D-PAGE 
analysis of the crude extract obtained by extraction of 
rubber particles by SDS solution showed that the parti- 
cle-bound proteins consisted primarily of two groups of 
proteins appearing in the 14 and 24 kd areas with an 
isoelectric point value of about 4.7 and 5.1, respectively. 
Immunoblotting analysis of the particle-bound proteins 
with mAbs II4G9 and II4F9 revealed that only proteins 
in the 14 kd area were recognized by the mAbs, indicat- 
ing that they were proteins with Hev b 1 determinants 
(data not shown). After elution through a column con- 
taining detergent adsorber gel to remove the residual 
SDS, the crude protein extract was separated by prepar- 
ative reverse-phase HPLC. The collected HPLC frac- 
tions containing Hev b 1 protein were pooled and 
further characterized by 2D-PAGE, HPLC, and electro- 
spray mass spectrometry (ES-MS). As shown in Fig. 2, 
analysis of HPLC-purified Hev b 1 by ES-MS gave a 
single species with a molecular mass of 14,634.0 Da witb 
a system error of 1.1 Da, which is in good agreement 

with the theoretical mass of Hev b 1 in the SWISS- 
PROT database (14,632 Da). No contaminant protein 
could be detected. Analysis of the purified protein by 
analytical HPLC on a C-4 reverse-phase column also 
revealed a single peak (data not shown). All these results 
indicate that the purification protocol produced a highly 
purified product. One hundred milliliters of NRL 
yielded about 11 mg of Hev b 1 protein. 

Hev b 1-specific IgE antibodies in patient sera 

Of 140 serum samples from patients with SB studied, 
69 (49.3%) had increased levels of specific IgE antibod- 
ies to latex tested according to the CAP system. By 
EAST with the use of Hev b 1 protein-coupled discs as 
target allergen, 56 (81%) of the 69 serum samples from 
patients with a positive latex reaction also showed IgE 
antibodies directed to purified Hev b 1 protein. Of 71 
latex-negative serum samples, three had borderline val- 
ues of IgE binding to Hev b 1 (0.36 to 0,42 kU/L). The 
occurrence of IgE antibodies to latex as determined by 
CAP and to Her b 1 by EAST is shown in Fig. 3. 

In HCWs allergic to latex, the rate of seropositivity for 
anti-Hev b 1 IgE antibodies was significantly lower 
compared with that in patients with SB. As determined 
by EAST, 55 of 105 HCW patients had an elevated Her 
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FIG. 3. Occurrence of IgE antibodies binding to latex and purified Her b 1 in serum samples from patients 
with SB and HCWs allergic to latex. The IgE values to latex allergens were determined by the CAP system; 
values less than 0.35 kU/L were regarded as negative and in both cases are not indicated. AI! the latex-positive 
serum samples were tested with purified Hev b 1; 81% (56 of 69) of  the samples from patients with SB and 52% 
(55 of 105) of  those from HCWs showed positive IgE Ab to Hev b 1. 

b 1-specific lgE value in their sera (52.3% vs 81%, p < 
0.0001). In addition, most of them had only low IgE 
levels to Her b 1 (Fig. 3). Thus, we found that 29 of the 
55 HCWs (52.7%) had a Hev b 1-specific IgE value 
between 0.35 and 0.7 kU/L and 11 (19,6%) had a Hev b 
1-specific IgE value greater than 2 kU/L. In the patients 
with SB, the concentrations of anti-Hev b 1 IgE Ab in 45 
(80.3%) of the 56 serum samples were greater than 0.70 
kU/L (p = 0.0004), and 36 (64%) had an anti-Hev b 1 
IgE value greater than 2 kU/L (p < 0.0001). 

In the 18 serum samples from HCWs who underwent 
SPT, nine (50%) serum samples had an increased spe- 
cific IgE value to Hev b 1, even though 17 patients 
showed a positive SPT to the Hev b 1 solution (see 
below). 

I m m u n e  inhib i t ion assay  

As already mentioned in the Methods section, due to 
the different binding capacity of two types of allergens 
used in the CAP and EAST tests, the absolute IgE 
concentrations measured by the two methods cannot be 
compared directly. Therefore, to show to what extent the 
IgE concentration determined by the CAP system con- 
tributed to the binding with the Hev b 1 protein in the 
patients;with SB, 33 serum samples with strongly positive 
IgE antibodies (>1 kU/L) to Hev b 1 were randomly 
selected for a RAST inhibition assay in the CAP system. 
Hev b 1 solution (0.35 mg/ml) was used as an inhibitor 
and the patient's serum sample was incubated with Hev 

TABLE I, The abiJi ty o f  pu r i f i ed  Hev  b 1 to  inh ib i t  

b i nd ing  o f  IgE an t i bod ies  to la tex  in 33 se rum 

samp les  f r o m  pat ien ts  w i th  SB w h o  had d i f fe ren t  

IgE concen t ra t i ons  

Samples with IgE levels to 
latex (CAP elass) « 

II I~I IV V Vl Total 

Inhibiton (%) 
100 6 6 2 1 0 15 
75-95 0 1 6 0 1 8 
52-74 0 0 0 0 4 4 
<50 1 1 1 2 i 6 

Total 7 8 9 3 6 33 

][nhibition assays were performed by CAP with /atex ImmunoCAP as 
target antigen and Hev b 1 as inhibitor. 

* Criteria for the CAP classes: I, 0~35 to 0.7 kU/L; II, 0.7 to 3.5 kU/L; III, 
3.5 to 17.5 kU/L; IV, 17.5 to 50 kU/L; V, 50 to 100 kU/L; VI, 
>I00 kU/L. 

b 1 solution (10 p~l) before the reaction with solid-phase 
latex allergens bound to ImmunoCAP. The inhibition 
results shown in Table I indicate that in 15 ser~Jm 
samples (45.4%), the IgE antibodies binding to latex 
could be completely inhibited by Hev b 1. This suggests 
that the sensitization to latex in these 15 patients was 
caused exclusively by IgE binding epitopes present in the 
Hev b 1 protein. Similarly, IgE binding to latex in the 
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FIG. 4. Dose-related inhibition assay performed to confirm bind- 
ing specificity of serum tgE antibodies to solid-phase Hev b 1 in 
EAST (0) and inhibition of IgE binding to solid-phase latex 
allergens in CAP system ( I )  by different concentrations of purified 
Hev b 1 (inhibitor) in a serum pool. 

other serum samples could be considerably inhibited 
(52% to 95%) by preincubation with Hev b 1 solution. 
Maximum inhibition below 50% by Hev b 1 was found 
only in six (18%) cases. In the HCW group, 10 serum 
samples were randomly tested in the RAST inhibition 
assay. In none of them could the IgE antibodies to latex 
be completely inhibited by preincubation of serum with 
Hev b 1 solution. 

An autoinhibition assay was also performed to assess 
the binding specificity of IgE antibodies to Her b 1. The 
serum pool from five patients with SB and latex allergy 
was used in this test. As shown in Fig. 4, the inhibition 
was dose dependent, and the IgE binding to Hev b 1 was 
completely inhibited by 1 Ixg of Hev b 1; in fact, 50% 
inhibition was achieved by less than 10 ng of Hev b 1 
protein. In addition, by using the same serum pool as the 
IgE source, up to 75% of the IgE binding to latex 
allergens (measured by the CAP system) could be 
inhibited by preincubating the serum sample with 3.5 I~g 
Hev b 1 (Fig. 4). Increasing the amount of inhibitor up 
to 20 ixg resulted in no additional inhibition of IgE 
binding. 

Skin prick testing using Hev b 1 

To study the allergic reactions caused by Hev b 1 in 
vivo, 14 patients with SB and 18 HCWs, who had 
previously shown positive latex SPT responses and ex- 
hibited specific IgE antibodies to latex, underwent SPT 
with purified Hev b i protein. Results showed that 10 of 
14 patients with SB had strongly positive SPT reactions 
to Hev b 1 solution, 8 of whom had these responses with 

diluted Hev b 1 solution (10 ~g/ml), 2 with the solution 
of 50 Ixg/ml. Specific IgE antibodies binding to Hev b 1 
could be detected in 9 of these 10 patients with skin 
reactions to Hev b 1. In comparison, 15 patients with SB 
who had a negative latex skin response showed neither 
IgE antibody nor SPT response to Hev b 1. 

In the HCW group, 16 of 18 subjects had a strong Hev 
b 1 SPT response. However, in 13 of these 16 patients, 
the skin responses were elicited by more concentrated 
Hev b 1 solution (100 Ixg/ml), and only 3 had a response 
with Hev b 1 solution at a concentration of 10 I~g/ml. 
Specific IgE antibodies binding to Hev b 1 were found in 
serum samples of eight patients with positive SPT re- 
sponses to Hev b 1 solution. The concentration of the 
IgE antibodies to Hev b 1 ranged from 0.36 to 6.06 kU/L 

Association between human leukocyte antigen 
and allergy to Hev b 1 in patients with spina 
bifida 

To elucidate the possible pathogenic factors involved 
in the sensitization to Hev b i protein in patients with SB 
and latex allergy, blood samples from 30 randomly 
selected German patients with SB who had IgE antibod- 
ies to Hev b 1 were examined for HLA class II pheno- 
types (DRB1, DRB3, DRB4, DRB5, and DQB1) by 
DNA typing with polymerase chain reaction/sequence- 
specific oligonucleotide probe analysis. The frequencies 
of HLA class II alleles in the 30 patients were compared 
with findings in 30 patients with SB without IgE anti- 
bodies to Hev b 1 and in 90 healthy unrelated controls. 
According to statistical analysis, only the phenotype 
frequencies of DRBI*0701 (DR7) and DQBI*0201 
(DQ2) in the patients with IgE antibodies to Hev b 1 
were slightly elevated when compared with the patients 
without IgE antibodies to Hev b 1 (DR7: 40% vs 7%, 
p < 0.005, Pc = not significant; DQ2: 63% vs 27%, p < 
0.01, Pc = not significant) or with the healthy control 
(DR7: 17%, p < 0.02, Pc = not significant; DQ2: 34%, 
p < 0.006,p« = not significant). No significant difference 
in frequencies of HLA DRB1, DRB3, DRB4, DRB5, 
and DQB1 alleles between patients with Hev b 1 sensi- 
tization and control subjects was observed. 

DISCUSSION 

The current study was performed to verify the aller- 
genicity of Hev b 1 as a major allergen in patients 
allergic to latex. The major strengths of this study are the 
large number of serum samples drawn from the subjects 
and the isolation of a great amount of highly purified 
Hev b 1 protein, which enabled us to perform objective 
measurements of anti-Hev b 1 IgE antibodies by use of 
a well-established in vitro test method (EAST) and to 
evaluate the allergenicity of Hev b 1 in vivo by SPT. 
Results can be summarized as follows. 

First, greater than 80% of patients with SB and latex 
allergy (56 of 69) were seropositive for IgE antibodies 
against purified Hev b 1 as determined by EAST. The 
Hev b 1 protein also elicited positive skin responses in 10 
of 14 (71%) patients with SB who showed skin reactions 
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to latex. These results strongly suggest that the Hev b 1 
protein in NRL is the most important allergen respon- 
sible for the latex allergy in patients with SB. 

Second, the binding of the IgE antibodies to latex 
proteins in patients with SB is largely attributed to the 
binding with Hev b 1. In many cases, Hev b 1 is also the 
monosensitizer in patients with SB who have latex 
allergy. This conclusion is supported by the finding that 
the purified Hev b 1 completely inhibited the binding of 
the IgE antibodies to latex in 15 of 33 serum samples 
(45.4%) from patients with SB and latex allergy, and in 
the other 12 serum samples (36.4%), the inhibition of 
the IgE binding ranged from 52% to 95%. Only in six 
serum samples (18.2%) was the inhibition of IgE binding 
to latex less than 50%. 

Finally, the rate of sensitization and degree of the IgE 
antibody response to Hev b i differ significantly between 
latex-allergic patients with SB and HCWs. Among 105 
serum samples of HCWs allergic to latex investigated, 55 
(52%) had elevated anti-Hev b 1 IgE antibodies. Their 
IgE level in sera was statistically lower when compared 
with the patients with SB: in 29 (52%) of these 55 serum 
samples, the concentration of anti-Hev b 1 IgE antibod- 
ies ranged from 0.36 to 0.7 kU/L (SB group: 19.6%,p = 
0.0004);; only 11 (20%) of them showed anti-Hev b 1 IgE 
antibodies greater than 2 kU/L (SB group: 64%, p < 
0.0001). However, a corresponding prevalence of posi- 
tive SPT responses to Hev b 1 was observed among 
HCWs allergic to latex compared with patients with SB 
and latex allergy (88.8% vs 71.4%). Nevertheless, the 
fact that more than 50% of HCWs allergic to latex were 
seropositive for anti-Hev b 1 IgE antibodies clearly 
indicates that the Hev b 1 protein is a significant latex 
allergen for patients with occupational exposure to latex. 

As has been already discussed by Alenius et al., ~1 
different immunoassays with varying sensitivities used in 
the literature may be the critical reason giving rise to 
controversial results. Moreover, the different coltection 
of patients studied and the usage of allergen materials 
with different degrees of purity may also play a role in 
getting distinct results. Recently, other proteins in latex 
(especially the minor protein of 23 to 25 kd [Her b 3] 
located in latex particle and with sequence homology to 
Hev b 1) were found to be important allergens for 
patients with S B .  19-21  

The extremely high prevalence of Her  b 1 sensitivity in 
patients with SB and latex allergy may be associated with 
different factors. Because the exposure to latex in the 
patients with SB is mainly due to the contact with latex 
gloves worn by personnel during surgical procedures, the 
Hev b 1 content in gloves is likely to correlate with IgE 
responsiveness in patients with SB. By immunoblotting 
with mAbs raised against Hev b 1, we demonstrate for 
the first time that Hev b 1 is not only the predominant 
component in the protein extracts of latex gloves, but it 
can also appear in different molecular weights of about 
8, 14, 30, or 42 kd or higher. These results indicate that 
the Hev b 1 molecule can be cleaved into small frag- 
ments or form high-molecular-weight aggregates during 
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FIG. 5. Relationship between the nurnber of operations and the 
prevalence of antMatex and anti-Hev b 1 IgE antibodies in 138 
patients with SB. 

the manufacturing process. These results confirm those 
of Czuppon et aL m who identified a 58 kd protein from 
a latex glove as Her  b 1, and also the findings of Todt et 
al.,= who suggested that the different latex protein bands 
in SDS-PAGE (12.7 to 48 kd) may all be derived from 
the Her  b I molecule, based on the results of amino acid 
analysis of these protein bands. The high Her  b 1 
content in the latex gloves suggests that patients with SB 
may be more intensely exposed to Hev b 1 than to other 
latex proteins. 

The frequency of surgical procedures for patients SB 
is likely to play an important role for the IgE response to 
latex and Hev b 1. During surgery, patients are not only 
exposed to latex gloves worn by multiple personnel, but 
also latex proteins may be released from some devices 
used during anesthesia and surgical incision, such as 
latex injection ports in intravenous lines, tubing, and 
bags; latex balloon-tipped barium enema catheters; and 
the latex plungers on syringes used to administer medi~ 
cation intravenously. 7 We have studied the relationship 
between the number of operations and the rate of IgE 
response to latex and Hev b 1 in 138 patients with SB. 
The results shown in Fig. 5 revealed that none of the 
nine subjects with one operation had positive IgE anti- 
bodies against latex or Hev b 1. In patients with SB for 
whom the number of operations ranged from two to six 
(n = 83), the rate of IgE responses was 28.6% to 39.3% 
to latex and 15.8% to 57.1% to Hev b 1, respectively. 
Patients undergoing 7 or more operations showed a 
quite similar prevalence of latex sensitivity of about 
80%. Furthermore, all patients with eight or more 
operations who had a positive lgE response to latex had 
Hev b 1-specific IgE antibodies. These results not onty 
clearly demonstrate that the number of operations in 

\ 
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patients with SB is related with the IgE response to latex 
and Hev  b 1, they also confirm and extend the most 
recent findings by Porri et al., 23 who described that the 

number  of surgical procedures rather than SB per se is 
related to sensitization to latex. 

The early exposure to latex may be an another  reason 
patients with SB preferentially to produce IgE antibod- 
ies to Hev  b 1. Surgery to d o s e  the back of patients with 
SB is generally per formed within 24 hours after birth. 
Therefore,  these patients have contact with latex soon 
after birth during the operation. Al though information 
about age of exposure to allergen for sensitization in 
humans is still limited, studies by Konz et al. 24 revealed 
that patients with spinal cord injury (a condit ion accom- 
panied by multiple operations) were at far lower risk of 
developing latex allergy. Compared  with the populat ion 

of patients with SB, the patients with spinal cord injury 
have statistically comparable  numbers of operat ions and 
a similar route  of exposure to latex; the main difference 
is that the contact with latex began later in life in the 
group with spinal cord injury. This result suggests that 
the age of exposure to latex allergen is likely to play a 
critical role in developing IgE antibodies to H e r  b 1 in 
patients with SB. 

The  genet ic  propensi ty  to develop an immedia te -  

type immune  response  has been  thought  to be respon-  
sible for induct ion of  the allergic s t a t e Y  M o r e  re- 
cently, we demons t ra t ed  that  the IgE responsiveness  
to hevein,  a major  latex a l lergen with a molecu la r  
weight  of 4.7 kd in HCWs,  is strongly associated with 
H L A  alleles D R 4  and D Q 8  in subjects with latex 
allergy. 18 The high ra te  of IgE response  to H e r  b 1 in 
the pat ients  with SB thus provides  an excel lent  mode l  
for the molecu la r  genet ic  studies. However ,  our  
present  results ob ta ined  by D N A  typing of  H L A - D  
genes in a group of  60 pat ients  with SB, 30 of  w h o m  
had Hev  b 1-specific IgE  antibodies,  suggest that  there  
is no statistically significant cor re la t ion  be tween  H L A  
alleles tes ted and IgE responsiveness  to H e r  b 1. 

In conclusion, our data suggest that the Hev b 1 
protein is the most important  allergen in latex for 
patients with SB. Al though other  latex allergens were 
also found in protein extracts of latex gloves, many 
patients with SB and latex allergy are apparently sensi- 
tized only to Hev  b 1. Different factors may be involved 
in the pathogenesis of allergy to Hev b 1 in patients with 
SB. The high content  of Hev b i in glove extracts and the 
exposure to latex in early life are likely to be the primary 
causes of sensitization to Hev b 1 protein. Additionally, 
as shown in our S D S - P A G E  analysis of the glove 
extracts, Hev  b 1 protein is able to form aggregates by 
binding either with itself or with other  proteins or rubber 
polymers. Due  to an adjuvant effect, the mucosal  absorp- 
tion of these "complexed Hev b 1 particulates" is thus 
suspected to be very active in stimulating the IgE Ab 
response. Fur ther  studies are required to clarify why 
patients with SB preferentially produce Hev b 1-specific 
IgE antibodies after exposure to latex. 

We thank Gerda Borowitzki, Maria Düser, Angelika Flagge, 
and Silke Maryska for their technical assistance. 

REFERENCES 

1. Lagier F, Vervloet D, Lhermet I, Poyen D, Charpin D. Prevalence of 
latex allergy in operating room nurses. J Allergy Clin Immunol 
1992;90:319-22. 

2. Yassin MS, Lierl MB, Fisher TJ, O'Brien K, Cross J, Steinmetz C. 
Latex allergy in hospital employees. Ann Allergy 1994;72:245-9. 

3. Grzybowski M, Ownby DR, Peyser PA, Johnson CC, Schork MA. 
The prevalence of anti-latex IgE antibodies among registered nurses. 
J Allergy Clin Immunol 1996;98:535-44. 

4. Slater JE. Rubber anaphylaxis. N Engl J Med 1989;320:1126-30. 
5. Meeropol E, Kelleher R, Bell S, Leger A. Allergic reactions to 

rubber in patients with myelodysplasia [letter]. N Engl J Med 
1990;323:1072. 

6. Slater JE, Mostello LA, Shaer C. Rubber specific IgE in children 
with spina bifida. J Urol 1991;146:578-9. 

7. Kelly KJ, Pearson ML, Kurup VP, Havens PL, Byrd RS, Setlock 
MA, et al. A cluster of anaphylactic reactions in children with 
spina bifida during general anesthesia: epidemiologic features, 
risk factors, and latex hypersensitivity. J Allergy Clin Immunol 
1994;94:53-61. 

8. Jaeger D, Kleinhans D, Czuppon AB, Baur X. Latex-specific pro- 
teins eausing immediate-type cutaneous, nasal, bronchial, and sys- 
temic reactions. J Allergy Clin Immunol 1992;89:759-68. 

9. Dennis MS, Light DR. Rubber elongation factor from Hevea 
brasiliensis: identification, characterization and role in rubber bio- 
synthesis. J Biol Chem 1989;264:18608-17. 
Czuppon AB, Chen Z, Rennert S, Engelke T, Meyer HM, Heber M, 
et al. The rubber elongation factor of rubber trees (Hevea brasilien- 
sis) is the major allergen in latex. J Aiiergy Clin Immunol 1993;92: 
690-7. 
Alenius H, Kalkkinen N, Yip E, Hasmin H, Turjanmaa K, Mäkinen- 
Kijunen S, et al. Significance of rubber elongation factor as a latex 
allergen. Int Arch Allergy Immunol 1996;109:362-8. 
Akasawa A, Hsieh LS, Lin Y. Serum reactivities to latex proteins 
(Hevea brasiliensis). J Allergy Clin Immunol 1995;95:1196-205. 
Chen Z, Posch A, Raulf-Heimsoth M, Baut X. Isolation and 
identification of hevein as a major IgE-binding polypeptide in Hevea 
latex [abstract]. J Allergy Clin Immunol 1996;97:982. 
Chen Z, van Kampen V, Raulf-Heimsoth M, Baur X. Allergenic and 
antigenic determinants of latex allergen Hev b 1: peptide mapping of 
epitopes recognized by human, murine and rabbit antibodies. Clin 
Exp Allergy 1996;26:406-15. 
Posch A, Chen Z, Wheeler C, Dunn MJ, Raulf-Heimsoth M, Baur 
X. Characterization and identification of latex allergens by two- 
dimensional electrophoresis and protein microsequencing. J Allergy 
Clin Immunol 1997;99:385-95. 
Raulf-Heimsoth M, Chen Z, Liebers V, Allmers H, Baut X. 
Lymphocyte proliferation response to extracts from different tatex 
materials and to the purified latex allergen Hev b 1 (rubber 
elongation factor). J Allergy Clin Immunol 1996;98:640-51. 
Chen Z, Posch A, Lohaus C, Raulf-Heimsoth M, Meyer HE, Baur 
X. Isolation and identification of hevein as a major IgE-binding 
polypeptide in Hevea latex. J Allergy Clin Immunol 1997;99: 
402-9. 
Rihs HP, Chen Z, Cremer R, Baur X. HLA class Il antigens DR4 
and DQ8 are associated with allergy to hevein, a major allergen of 
Hevea latex. Tissue Antigens 1997;49:92-5. 
Lu I3, Kurup VP, Hoffman DR, Kelly KJ, Murali PS, Fink JN. 
Characterization of a major latex allergen associated with bypersen- 
sitivity in spina bifida patients. J Immunol 1995;155:2721-8. 
Yeang HY, Cheong KF, Sunderasan E, Hamzah S, Chew NP, Hamid 
S, et al. The 14.6 kd rubber elongation factor (Her 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;98:628-39. 
Muguerza J, Capo C, Porri F, Jacob JL, Mege JL, Vervloet D. Latex 
allergy: allergen identification in Hevea brasiliens& fractions by 
immunoblotting. Clin Exp Allergy 1996;26:1177-81. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 



J ALLERGY CLIN IMMUNOL Chen et al. 693 
VOLUME 100, NUMBER 5 

22. Todt JC, Ownby DR. Amino acid analysis of allergenic proteins from 
raw non-ammoniated latex [abstract]. J Allergy Clin Immunol 1994; 
93:283. 

23. Porri F, Pradal M, Lemiere C, Birnbaum J, Mege JL, Lanteaume A, 
et ak Association between latex sensitization and repeated latex 
exposure in children. Anesthesiology 1997; 86:599-602. 

24. Konz KR, Chia JK, Kurup VP, Resnick A, Kelly Kl, Fink JN. 

Comparison of Iatex hypersensitivity among patients with neuroLogic 
defects. J Allergy Clin Immunol 1995;95:950-4. 

25. Marsh DG. Immunogenetic and immunochemical factors determin- 
ing immune responsiveness to allergens: studies in unrelaEed sub- 
jects. In: Marsh DG, Blumenthal MN, editors. Genetic and env~ron- 
mental factors in clinical allergy. Minneapolis: University of 
Minnesota Press; 1990. p. 97-123. 


