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Is there a role for immunoblots in the diagnosis of latex allergy?

Intermethod comparison of in vitro and in vivo IgE assays in spina

bi®da patients

Background: The best diagnostic method for latex allergy is still controversial.
This investigation was designed to evaluate the diagnostic ef®ciency of
immunoblotting in comparison with established in vitro and in vivo test systems.
Methods: A total of 108 spina bi®da patients were investigated by questionnaire
and skin prick test (SPT). Speci®c serum IgE to latex was analyzed by the
Pharmacia CAP FEIA immunoassay, DPC AlaSTAT microplate immunoassay,
and DPC AlaBLOT immunoblot. Patients were regarded as latex allergic if they
reacted positively to challenge by the latex glove wearing test.
Results: Thirty-four patients reacted positively to challenge. The sensitivity rates
were 97% (SPT), 94% (immunoblot, CAP), 74% (AlaSTAT), and 35% (clinical
history). The speci®city rates were 92% (clinical history), 88% (AlaSTAT), 77%
(SPT), 76% (CAP), and 69% (immunoblot). If two methods were combined,
ef®ciency rates were highest for SPT combined with CAP (sensitivity 94%,
speci®city 82%), with AlaSTAT (sensitivity 74%, speci®city 92%), or with
immunoblot (sensitivity 91%, speci®city 84%). The sera of challenge-positive
patients recognized more immunoblot bands than challenge-negative patients,
and the severity of symptoms correlated with the number of recognized bands.
Conclusions: The diagnostic ef®ciency of immunoblotting is not superior to that
of SPT. However, immunoblotting may serve as an additional tool to increase
slightly the speci®city of SPT and speci®c serum IgE tests.
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Recently, latex allergy has been recognized as an
increasingly prevalent health problem. Patients with
spina bi®da have been identi®ed as the major risk
group. Prevalence rates have been reported to range
from 34% to 65% for sensitization (1±6), and in a study
of latex provocations in spina bi®da patients, 63% of
those sensitized to latex were found to be symptomatic
(7).

Proper diagnosis of latex allergy is a prerequisite for
appropriate prevention measures and treatment.
However, the diagnostic approach of choice is still
controversial, and limited information is available on
the clinical relevance of test results. Patient history has
been reported to miss about 50% of patients found to be
symptomatic in a latex provocation test (7, 8). The
diagnostic capacity of the skin prick test (SPT) is highly
dependent on the protein extract used, it is dif®cult to
perform in very young patients, it may be confounded
in patients under antiallergic medication, and it carries
the risk of severe adverse reactions (9). In vitro testing of
sensitization by analysis of speci®c serum IgE to latex is
safe and shows good sensitivity at the cost of speci®city

(7, 10). In vivo provocation testing may be regarded as
the reference standard, but it is time-consuming and
may be not advisable in patients with a history
suggestive of anaphylactic reactions.

Immunoblotting has been used in research settings
for the identi®cation of latex sensitization and is now
commercially available. It offers the advantage of
identifying sensitization to particular components of
the allergen extract and could therefore be more speci®c
than a test measuring global sensitization to the whole
extract. However, we have found little in the literature
about the diagnostic capacity of this test in clinically
relevant latex allergy.

This study was designed to evaluate the diagnostic
ef®ciency of immunoblotting in comparison with SPT
and two established in vitro test systems for the analysis
of speci®c serum IgE in spina bi®da patients subjected
to latex provocation. The DPC AlaSTAT system is a
liquid-phase assay. It was the ®rst to offer analysis of
latex-speci®c IgE and was chosen because in some latex
studies its sensitivity was found to be better than that of
the CAP system (11, 12). The Pharmacia CAP system is
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a solid-phase assay and showed excellent diagnostic
values for various other allergens (13). Both systems are
widely used.

Methods

Patients and study design

A total of 108 consecutive patients (60 female, 48 male)
from the Berlin area with spina bi®da were included in
the study from April to October 1997. Ages ranged
from 12 months to 33 years (mean 10.8 years). Eighteen
patients had a history of typical immediate-type
reactions to products containing latex.

All patients were provoked with latex gloves and
given SPT. Coded serum aliquots of all patients were
kept frozen at x20uC until IgE analysis and immuno-
blotting. Two patients with a history of anaphylactic
reactions to latex were excluded. The study protocol
was approved by the local ethics committee, and
parents or patients gave their written consent.

Questionnaire

The questionnaire included questions concerning clin-
ical symptoms on contact with latex in the daily
environment (e.g., balloons, mattresses) and medical
supplies (e.g., latex gloves, bladder catheter), surgical
procedures, and complications during anesthesia or
surgical intervention.

Speci®c and total IgE

Speci®c IgE against latex was determined by two FDA-
cleared immunoassays, a solid-phase immunoassay
(FEIA), the Pharmacia CAP System (Kabi-
Pharmacia, Uppsala, Sweden), and a liquid-phase
immunoassay, the AlaSTAT Microplate system
(DPC, Los Angeles, CA, USA). If not stated otherwise,
in both test systems, samples with speci®c IgE
concentrations of i0.35 kU/l were regarded as posi-
tive. Total IgE was measured in the CAP system.

To establish atopic status, sera were screened for
speci®c IgE against inhalant and nutritional allergens
by two multiallergen panels (14). SX1 CAP FEIA
contains the allergens timothy, birch, mugwort, house-
dust mite, cat, dog, and Cladosporium herbarum; fx5
CAP FEIA contains the foods cow's milk, hen's egg,
®sh, soy, wheat, and peanut. None of these allergens are
known to cross-react with latex. Atopy was de®ned as a
positive response to SX1, fx5, or both (>0.35 kU/l).

Immunoblotting

Immunoblotting was performed with the AlaSTAT
AlaBLOT speci®c IgE test system (DPC, Los Angeles,
CA, USA) according to the manufacturer's instruc-
tions. Brie¯y, latex extract was electrophoresed by
SDS±PAGE, electrotransferred to nitrocellulose mem-

brane strips, and then incubated with diluted patient
serum overnight at 6uC room temperature. As reporter
enzyme, alkaline phosphate-labeled anti-IgE monoclo-
nal antibody was immobilized at sites where IgE was
bound to latex extract on the membrane strip. By
adding a chromogenic substrate for the reporter
enzyme, latex bands recognized by a patient's speci®c
IgE were visualized. The color development was
stopped after 10 min. Nonlatex gloves were used
during the procedure. If not stated otherwise, an
immunoblot was considered positive if any band was
visualized. A band was de®ned as positive if two
investigators independently could identify them by
visual inspection. Bands of coded sera were read
blinded to the allergic status of the patients. The code
was broken after identi®cation of bands. Molecular
masses were estimated by measuring the distance in
millimeters between the center of the determinant band
and the bottom edge of a dye front. A lot-speci®c
formula provided by the manufacturer was used to
calculate the base-10 logarithm of the determinant's
molecular mass in kilodaltons (kDa). Proteins smaller
than 14 kDa were excluded since weight markers below
this threshold are not in the linear region of the
calibration curve.

Skin prick tests

SPT was performed with low ammoniated raw and
un®nished natural rubber latex milk (Ansell, Munich,
Germany). SPT responses were regarded as positive if
the maximum wheal diameter was i3 mm without
reaction to negative control (normal saline), and the
ratio of the allergen wheal diameter to the histamine
wheal diameter (positive control) was above 0.6.

Latex provocation test

After having washed their hands, patients 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 neoprene glove
(Dermaprene; Ansell, Munich, Germany). After
30 min (or on showing clinical symptoms), the gloves
were taken off, and possible clinical reactions were
assessed by a physician. Hands were washed again. The
single-blind test response was assessed as positive if
typical immediate-type clinical reactions (urticaria,
Quincke's edema, rhinoconjunctivitis) occurred without
reactions to the control glove.

According to Baur et al. (15) the protein content of
the Sempermed classic latex glove (determined by a
modi®cation of the Lowry method with ovalbumin as
the standard) was 1034 mg/g glove, and the allergen
content (measured by competitive RAST immunoinhi-
bition with the CAP system) was 626 mg/g.
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Statistical analysis

Sensitivity was de®ned as the fraction of true positives
among challenge-positive individuals, speci®city as the
fraction of true negatives among challenge-negative
individuals, positive predictive value as the fraction of
challenge-positive individuals among test positives,
negative predictive value as the fraction of challenge-
negative individuals among test negatives, and ef®-
ciency as the fraction of tested individuals correctly
classi®ed by the test. For statistical comparisons, the chi
square test for dichotomous variables, the
Mann±Whitney U-test for ordinal and continuous
variables, and Spearman's rank test for correlations
were used. Values (t) indicate standard errors of the
mean.

Results

Among the 108 spina bi®da patients investigated, 34
(31.5%) reacted positively in the latex glove exposure
test. Clinical symptoms were local urticaria, except for
one patient who had mild generalized urticaria. Three
patients had additional symptoms of allergic rhinocon-
junctivitis. In all, 65 patients (60.2%) were sensitized
according to one or more tests: 50 patients (46.3%) were
sensitized according to the SPT, 50 patients (46.3%) to
CAP immunoassay, 34 patients (31.5%) to AlaSTAT
immunoassay, and 58 patients (53.7%) to immunoblot-
ting. However, the subpopulations identi®ed varied.
The numbers of patients overlapping were 45 (SPT and
CAP), 31 (SPT and AlaSTAT), 43 (SPT and
AlaBLOT), 34 (CAP and AlaSTAT), 47 (CAP and
AlaBLOT), and 31 (AlaSTAT and AlaBLOT). Among
the 18 patients, those with a positive clinical history
overlapping with a positive test result numbered 14
(SPT), 15 (CAP), 12 (AlaSTAT), and 15 (AlaBLOT).

The diagnostic performance values of patient history,
SPT, determination of speci®c IgE, and immunoblot-
ting are shown in Table 1. Challenge-positive patients

were almost all identi®ed by SPT, CAP immunoassay
for speci®c serum IgE, and immunoblots, whereas the
AlaSTAT immunoassay missed about a quarter of the
challenge-positive patients, and patient history about
two-thirds of them. In contrast, the identi®cation of
challenge-negative patients was more complete with
history or AlaSTAT immunoassay than with SPT, CAP
immunoassay, or immunoblotting. Although the cor-
relation of test results obtained with the two immu-
noassay systems was acceptable (rs=0.86), the
AlaSTAT system tended to produce lower results and
consequently classi®ed fewer patient sera as positive for
latex IgE than the CAP system (data not shown).

The analytic sensitivities of immunoblots as mea-
sured by the fraction of blot-positive among in vitro
assay positive sera were 91% and 94% for the AlaSTAT
and CAP systems, respectively. In turn, among the
immunoblot-positive sera, 47% (AlaSTAT) and 19%
(CAP) had a latex-speci®c IgE level of <0.35 kU/l.

We identi®ed 46 bands of different molecular masses
on immunoblots (Fig. 1). The pattern of the bands was
similar for challenge-negative and -positive patients.
Except for a single band of one challenge-negative
patient, no bands were identi®ed in challenge-negative
patients that were not found in challenge positives.
However, the prevalence of particular bands was
signi®cantly lower in challenge-negative patients. In
challenge negatives, the bands identi®ed were found in
less than 20% of the sera. Among challenge-positive
patients, 23 bands were found in i20% and 14 bands in
i50% of the patients. The difference between both
groups in the prevalence of these 14 bands was
statistically highly signi®cant (Table 2). No particular
band was found in all challenge-positive patients.

The number of stained bands was higher in patients
with a more severe clinical reaction to latex challenge
(challenge-negative, 1.7t0.4 bands; local urticaria,
12.0t1.7 bands; allergic rhinoconjunctivitis,
10.7t4.2 bands; generalized urticaria, 23 bands;
rs=0.615; P<0.001). A band estimated at 40 kDa
was stained by 8% of challenge-negative patients' sera,
by 43% of sera from patients who reacted with local
urticaria, and by 100% of sera from patients who
reacted with allergic rhinoconjunctivitis or generalized
urticaria.

The total number of bands was higher in the sera of
the 78 patients with a ventriculoperitoneal shunt than in
the 29 patients without a shunt (6.17t0.92 bands vs
2.28t1.08 bands; P=0.003). The number of bands
correlated with the number of past surgical procedures
(rs=0.444; P<0.001). In addition, the number of bands
(5.01t1.53) correlated well with the speci®c IgE titer as
measured by the CAP (6.57t1.53 kU/l; rs=0.878;
P<0.001) or AlaSTAT systems (1.97t0.64 kU/l;
rs=0.659; P<0.001).

Total IgE was signi®cantly higher in latex-sensitized
(n=50) than nonsensitized (n=58) patients (214t

Table 1. Evaluation of predictive capacity (%) of diagnostic tools for clinically relevant latex

allergy in spina bi®da patients asymptomatic (n=74) or symptomatic (n=34) upon latex

challenge. For combinations, patients are classi®ed as test positive if all tests are positive

Tests Sensitivity Speci®city PPV NPV Ef®ciency

Clinical history 35.3 91.9 66.7 75.6 74.1

SPT 97.1 77.0 66.0 98.3 83.3

CAP 94.1 75.7 64.0 96.6 81.5

AlaSTAT 73.5 87.8 73.5 87.8 83.3

AlaBLOT 94.1 68.9 58.2 96.2 76.9

SPT/AlaBLOT 91.2 83.8 72.1 95.4 86.1

SPT/CAP 94.1 82.4 71.1 96.8 86.1

SPT/AlaSTAT 73.5 91.9 80.6 88.3 86.1

AlaSTAT/AlaBLOT 70.6 90.5 77.4 90.5 84.3

AlaSTAT/CAP 73.5 87.8 73.5 87.8 83.3

CAP/AlaBLOT 91.2 78.4 66.0 95.1 82.4

CAP/AlaSTAT/AlaBLOT 70.6 90.5 77.4 87.0 84.3

PPV: positive predictive value; NPV: negative predictive value; SPT: skin prick test.
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39 kU/l vs 74t24 kU/l; P<0.0001). In immunoblot-
positive, challenge-positive patients (n=32), total IgE
was signi®cantly higher than in immunoblot positive,
challenge negative (n=26), patients (256t48 kU/l vs
188t66 kU/l; P=0.011). In the latter group, total IgE
was signi®cantly higher than in immunoblot-negative,
challenge-negative patients (n=48; 39t7 kU/l;
P=0.0006).

A positive CAP test for IgE against latex was
signi®cantly more frequent among immunoblot-posi-
tive, challenge-positive than immunoblot-positive, chal-
lenge-negative patients (96.9% vs 61.5%; P<0.0001),
and more frequent among the latter group than in
immunoblot-negative, challenge-negative patients
(4.2%; P<0.0001).

The proportion of patients sensitized to latex was
about double in individuals sensitized to other food or
inhalant allergens. The proportions of the latex-
sensitized among atopic (SX1- or fx5-positive) and
nonatopic patients (SX1-and fx5-negative) were,
according to AlaSTAT, 45% and 23% (P=0.14), to
CAP 67% and 33% (P<0.001), and to immunoblot 79%
and 39% (P<0.001), respectively. However, the pattern
of frequent immunoblot bands was similar among
atopic and nonatopic individuals (Table 3).

To determine whether a set of bands would be more
helpful than a simple ``yes-or-no'' approach (any band
stained or not) to separate challenge-positive from

-negative patients, we chose those 14 bands found in
i50% of the challenge-positive patients. As shown in
Table 4, it was possible to increase the rather low
speci®city of the immunoblots to over 90% by
increasing the number of bands set as threshold for a
positive test result. However, as the speci®city went up,
the sensitivity decreased.

This relationship was also true for other quantitative
assays, as exempli®ed in a receiver operator character-
istic curve (Fig. 2). If the shortest distance possible is
measured from the top left-hand corner of the graph
(sensitivity and speci®city 100%) to the curves or
symbols representing the different diagnostic tools, it
becomes evident that the CAP method with a cutoff
between classes 2 and 3 would be closest to the ideal.

We also investigated whether a combination of two
test results (immunoassay, immunoblotting, and SPT)
could improve the diagnosis of latex allergy. Patients
were regarded as allergic if both test results were
positive (Table 1). The highest sensitivity was achieved
by a combination of CAP immunoassay and SPT

Figure 1. Topography of frequent latex immunoblot bands in
symptomatic latex-allergic spina bi®da patients and possible
corresponding latex epitopes.

Table 2. Prevalence of immunoblot bands in sera of spina bi®da patients asymptomatic

(n=74) or symptomatic (n=34) upon latex challenge. All results signi®cant: P<0.001

Distance from

dye front (mm)

Estimated MW

(kDa]

Asymptomatic

(%)

Symptomatic

(%)

11.5 15.3 18.9 82.4

15.0 19.5 5.4 52.9

18.0 24.0 14.9 55.9

19.5 26.6 9.5 67.6

21.0 29.5 4.1 50.0

22.5 32.7 6.8 52.9

24.0 36.3 10.8 50.0

25.5 40.3 8.1 50.0

27.0 44.7 10.3 70.6

28.5 49.5 6.8 67.6

30.5 56.9 6.8 50.0

31.5 61.0 5.4 50.0

35.0 77.6 2.7 50.0

36.0 83.2 1.4 50.0

Table 3. Prevalence of immunoblot bands in sera of nonatopic (n=25) and atopic (n=33)

spina bi®da patients

Distance from

dye front (mm)

Estimated MW

(kDa)

Nonatopic

(%)

Atopic

(%) P

11.5 15.3 84.0 63.6 0.086

15.0 19.5 24.0 48.5 0.057

18.0 24.0 48.0 54.5 0.621

19.5 26.6 40.0 60.6 0.120

21.0 29.5 32.0 36.4 0.729

22.5 32.7 32.0 45.5 0.299

24.0 36.3 36.0 48.5 0.342

25.5 40.3 40.0 39.4 0.963

27.0 44.7 64.0 69.7 0.647

28.5 49.5 40.0 54.5 0.272

30.5 56.9 36.0 39.4 0.792

31.5 61.0 32.0 39.4 0.562

35.0 77.6 28.0 36.4 0.502

36.0 83.2 28.0 33.3 0.664
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(94.1%), but the sensitivity of SPT alone (97.1%) was
not exceeded. Speci®city was improved and highest in a
combination of SPT and AlaSTAT immunoassay. The
highest proportion of correctly diagnosed patients
(ef®ciency) was found in a combination of SPT with
either immunoassay (CAP or AlaSTAT) or immuno-
blotting (86.1%).

The concordance between SPT and patient history
was 63.0% (history-negative and SPT-positive, 33.3%;
history-positive and SPT-negative, 3.7%). The concor-
dance between SPT and CAP results was 90.8% (SPT-
positive and CAP-negative, 4.6%; SPT-negative and
CAP-positive, 4.6%). The concordance between SPT
and AlaSTAT results was 79.6% (SPT-positive and
AlaSTAT-negative, 17.6%; SPT-negative and
AlaSTAT-positive, 2.8%). The concordance between
patient history and CAP results was 66.6% (history-
positive and CAP-negative, 1.9%; history-negative and
CAP-positive, 31.5%). The concordance between
patient history and AlaSTAT results was 75.9%
(history-positive and AlaSTAT-negative, 4.6%; his-
tory-negative and AlaSTAT-positive, 19.4%).

Discussion

This study shows that in the diagnosis of latex allergy
the ef®ciency of immunoblotting alone as an alternative
diagnostic tool is not superior to SPT or established
speci®c IgE assays. However, when used as an
additional tool, it does increase speci®city and positive
predictive value slightly (Table 1). Earlier reports that
latex-allergic patients exhibit an IgE immune response
to a multitude of latex antigens are con®rmed (16±19).
This is the ®rst study to investigate the spectrum of IgE-
binding immunoblot bands against latex in latex-
challenged patients. There is no single band that
marks all patients reacting allergically in a latex-
exposure test. However, some bands were more
prevalent among the challenge-positive spina bi®da
patients (Table 2), and limiting the criteria for a positive
test to these bands further increases the speci®city.

There is an inverse relationship between the measures
of speci®city and sensitivity. Raising the threshold to
increase speci®city will decrease sensitivity, and vice
versa. The diagnostic aim guides the de®nition of the

threshold level. Presurgical screening to assess the risk
of perioperative anaphylaxis requires tests with a high
sensitivity. CAP immunoassay, SPT, and immunoblot
offer a sensitivity of >90%. Similar sensitivity rates
have been reported previously for SPT and CAP
immunoassay in spina bi®da patients (7, 10, 20) and
other patients (21±23). The assumption that the CAP
system gives an unduly conservative measurement
compared to the AlaSTAT system, based on the results
of blood-donor sera found to be positive in the
AlaSTAT system and retested in the CAP system,
could not be con®rmed (13). CAP results correlated well
with AlaSTAT results. The low sensitivity rate found in
one study in which health-care workers were classi®ed
as allergic on the basis of clinical history could not be
replicated (24). It is noteworthy that these studies
included other risk groups because study results may
re¯ect different reactivity to latex proteins among spina
bi®da patients and other populations. The sensitivity of
SPT is obviously highly dependent on the allergen
extract employed (7, 24). In our study, the high
sensitivity of the SPT using a natural latex extract
re¯ects rates found before in a study with spina bi®da
patients (7). However, the sensitivity was not increased
by a second diagnostic test.

High speci®city may be desirable in the context of
adequate distribution of preventive and therapeutic
resources. Clinical history alone cannot be regarded as
an ef®cient diagnostic tool in children with spina bi®da
because of the extremely low sensitivity found in this
study and two other studies (7, 25). The low
concordance of clinical history with the in vitro assay
and SPT results in this study underlines the limited
value of clinical history in this risk population. In spina

Table 4. Diagnostic values in relation to number of stained immunoblot bands among 14

bands frequently found in latex-challenge-positive spina bi®da patients (34 patients

challenge-positive, 74 patients challenge-negative)

Immunoblot bands positive

i1 i4 i7 i10

Sensitivity 94.1 67.6 50.0 47.1

Speci®city 68.9 89.2 94.6 97.3

PPV 58.2 74.2 81.0 88.9

NPV 96.2 85.7 80.5 80.0

Ef®ciency 76.9 82.4 80.6 81.5

Figure 2. Receiver operator characteristic curve for in vitro
diagnostic tools. Symbols on curves represent different cut-offs
for a positive test, beginning on the right hand side: RAST classes
1-6 (AlaSTAT and CAP system); 1, 4, 7, or 10 stained bands
(AlaBLOT immunoblots).
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bi®da patients, the number of surgical procedures has
been identi®ed as a major risk factor for latex allergy (4,
20, 26), and challenge-positive patients without a
history of latex allergy may represent a subpopulation
with a high risk of future clinical manifestations of latex
allergy. History may be more reliable in chronically
latex exposed health-care workers, and it may facilitate
a more timely diagnosis of latex allergy in this risk
group. However, only a fraction of sensitized health-
care workers are type I allergic by history (27).

In our study, the AlaSTAT immunoassay offered the
best speci®city (nearly 90%). High speci®city for the
AlaSTAT system has been found in another history-
based study (28), which also reports high speci®city for
the CAP system at the cost of sensitivity, but
considerably lower sensitivity for another FDA-cleared
assay (Hycor HYTEC). It remains to be elucidated
whether a different study population contributed to this
difference.

A high speci®city of SPT was reported previously for
spina bi®da patients (20) and patients without spina
bi®da de®ned as latex allergic on the basis of clinical
history (21, 22). Elevation of test criteria such as cutoffs
in immunoblots or quantitative assays can further
increase speci®city. In this study, the combination with
an IgE assay or immunoblotting increased the speci®-
city and ef®ciency of SPT while maintaining a high
sensitivity.

Latex proteins reported to be particularly prevalent
in spina bi®da patients include Hev b 3 (23±27 kD)
[29±31] and Hev b 1 (rubber elongation factor,
14.6 kDa) (32±34), which shares 47% of its sequence
with Hev b 3. Different routes and sources of
sensitization have been proposed as possible explana-
tions for the differences observed between spina bi®da
patients and other populations. In addition to proteins
in the molecular mass areas of Hev b 1 and 3, a number
of other proteins have been found frequently in this
study among challenge-positive patients. Many of them
are in the weight region of previously reported latex
proteins, but some are not (Table 2 and Fig. 1). It is
possible that some of these proteins are breakdown
products of higher molecular mass proteins. The
relevance of these bands to clinical latex allergy remains
unclear.

Previous studies demonstrated a positive correlation
of speci®c IgE titers and more severe symptoms on latex
challenge (26). In this study, we found a different
pattern of stained immunoblot bands in challenge-
positive and -negative patients and a positive correla-
tion of the number of stained bands and the observed
severity of clinical reaction to latex challenge. A band of
40 kDa was recognized by all patients with a more
severe reaction on latex challenge. This suggests that, in
addition to differences in the quantity of speci®c IgE
titers, qualitative differences in sensitization to latex
allergens may be of importance for clinically relevant

latex allergy. Another study found sera of health-care
workers with a history of urticaria on latex exposure to
be invariably immunoblot-negative, and patients with
positive immunoblots to have multiple organ disorder.
A band of 40 kDa was recognized by all immunoblot-
positive sera. However, the two patients with a history
of anaphylaxis were immunoblot-negative (35).

We studied only spina bi®da patients. Because of the
proposed route of sensitization and the incriminated
latex products for this risk group, caution should
prevail if the study results are extended to other risk
groups, who may be preferably sensitized via inhalation
of dust containing latex particles or skin contact with
medical equipment. There is only a partial overlap of
IgE-binding immunoblot bands against latex allergen
between spina bi®da patients and health-care workers
(18). The same allergen extracts are used for AlaSTAT
and AlaBLOT allergens. However, it cannot be ruled
out that the protein con®guration was altered during
manufacture or that heterogeneous allergen prepara-
tions used for these tests and the CAP system or the
SPT in¯uenced the results of the study.

In addition, some in vitro results may be coin¯uenced
by IgE against unrelated allergens binding to latex
proteins. Total IgE was higher in false-positive
(immunoblot-positive, challenge-negative) than in
true-negative (immunoblot-negative, challenge-nega-
tive) serum samples. However, total IgE was even
higher in true positives (immunoblot-positive, chal-
lenge-positive). The speci®c IgE against latex followed
the same pattern. These ®ndings suggest that the dose-
dependent possibility to react positively to latex
provocation with higher speci®c latex IgE titers is a
consequence of more frequent exposure to latex during
surgical intervention (4, 36). In addition, the similar
pattern of frequent immunoblot bands in atopic
(screening test for unrelated speci®c-IgE-positive) and
nonatopic individuals as an indicator for patients who
are more prone to be also sensitized to allergens cross-
reactive with latex is not suggestive of a major bias
(Table 3). However, some of the bands identi®ed as
frequent among latex-challenge-positive spina bi®da
patients are in the molecular mass region of proteins
that cross-react with Bet v 2 (15 kDa) or class I
chitinases (32 kDa) (37, 38).

In conclusion, immunoblotting was not superior to
more global speci®c IgE tests such as in vitro assays or
SPT in the diagnosis of latex allergy among spina bi®da
patients. As an additional tool, immunoblotting does
slightly increase the speci®city of the diagnostic process.
Furthermore, immunoblotting may have a valuable role
in research settings outside the scope of this study such
as monitoring intraindividual courses in the natural
course of the disease or under therapy. Additional
studies are needed to con®rm the results found for spina
bi®da patients and possibly to extend some of these
®ndings to other risk groups.
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On the basis of this study, a step-wise approach to
diagnosis of latex allergy in spina bi®da patients is
proposed: because of its superior sensitivity, SPT
should be performed in all patients evaluated for
latex allergy. For con®rmation, sera of patients showing
a positive SPT reaction should be analyzed in a speci®c
IgE assay. These assays are highly automated. If there is
still doubt, latex challenge may con®rm clinical
manifestation of latex allergy. For a routine diagnostic
test in a clinical laboratory, immunoblotting offers no
striking advantage over other assays since it is time-
consuming and the molecular mass of bands seems to be

of limited use for the diagnostic outcome. Ideally,
regardless of the test results, spina bi®da patients should
be treated latex-free because of their high risk of latex
sensitization and subsequent clinical latex allergy.
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