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Frequency of natural rubber latex allergy in adults is increased after

multiple operative procedures

Background: It has been shown that immediate-type allergy to natural rubber
latex (NRL) affects predominantly health-care workers and infants with
malformations requiring repeated medical procedures. Adult patients with
multiple invasive procedures are not thought to be at an increased risk of NRL
allergy.

Methods: A total of 325 consecutive adult inpatients (54.4 +15.6 years; 219 men,
106 women) awaiting surgical or urologic procedures were assessed by
questionnaire-based history (atopic diseases, number of previous standard
operative or endoscopic procedures, intolerance to rubber products, and adverse
reactions during medical care), by skin prick tests with different NRL test
solutions, by measurement of NRL-specific IgE in the serum, and, if sensitization
to NRL was found, by cutaneous challenge tests with NRL-containing material.
Subjects were classified as sensitized to NRL if skin prick test reactions to NRL
were positive or if NRL-specific IgE antibodies were found. NRL allergy was
defined as NRL sensitization and immediate-type symptoms to NRL.

Results: Thirty-one of 325 (9.5%) subjects were found to be sensitized to NRL,
14/285 (4.9%) by skin prick testing and 23/323 (7.1%) by NRL-specific IgE
antibodies in the serum. Four individuals (1.2%) were diagnosed as having
clinically manifest NRL allergy, and another 27 (8.3%) were sensitized to NRL
without symptoms to date. The frequency of previous invasive procedures was
zero in eight patients, up to 10 in 245, 11-20 in 52, 21-30 in seven, and over 30
(up to 83) in 13 patients. No association was found between the number of
invasive procedures and NRL sensitization without clinical symptoms. However,
3/4 patients with NRL allergy had undergone more than 30 interventions, and 1/
4 had had 11 operations. Frequent invasive procedures (more than 10) were
significantly associated with NRL allergy (P <0.001). Allergy or sensitization to
NRL was associated with atopy (21/31 vs 87/294) (P <0.001).

Conclusions: A remarkable percentage of unselected adult patients undergoing
surgical procedures have allergy or sensitization to NRL. Repeated invasive
treatment appears to be a risk factor for NRL allergy.
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Allergy to natural rubber latex (NRL) was reported
for the first time more than 70 years ago (1, 2).
However, it was not until the 1980s that immediate-
type reactions to NRL became an important problem
in medical practice. Powdered NRL gloves are the
most important source of exposure in the medical
environment, as they are used frequently and are
particularly rich in allergens.

The major risk factors in sensitization to NRL are
intense exposure to NRL allergens, atopy (3-6), and
hand eczema (7-9). As gloves and other devices made
from NRL are widely used in clinical practice, health-
care workers (3, 10, 11) and patients with spina bifida
or other urogenital abnormalities (12-19), who need

frequent or continuous medical treatment, have been
found to be particularly affected by NRL allergy or
sensitization. It has been suggested that the high risk
of spina bifida patients to develop NRL allergy might
be specifically related to this malformation, and not
only to allergen exposure; however, this relation
seems unlikely, as the frequency of NRL allergy in
such patients without intense contact with NRL
allergens also was low (14, 20). Finally, if there was a
history of multiple operations in children, NRL
allergy was frequent also in such patients without
spina bifida (17).

Furthermore, adult patients without spina bifida or
urogenital malformations who have undergone multi-
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ple medical procedures may be at an increased risk of
NRL allergy. However, until now, this issue has not
yet been conclusively determined. By a complete
allergologic investigation, we evaluated the frequency
of NRL allergy or sensitization in a consecutive series
of surgical patients in relation to the frequency of
previous invasive medical procedures.

Material and methods

Patients

Consecutive inpatients of the departments of urology and surgery of
the University of Munich (Germany), in whom an elective operative
procedure was planned, were examined over a 6-month period. All
patients were evaluated the day before surgery. The exclusion criteria
were age below 18 years, pregnancy, severe cardiovascular disease,
unstable pulmonary disease, or therapy with B-blocking drugs. The
study was approved by the local institutional review board. All
patients gave their informed, written consent.

History

A questionnaire-based history was taken, and an examination was
carried out by an allergologist for atopic diseases (hay fever, asthma,
and atopic eczema), hand eczema, number of preceding invasive
medical procedures (conventional, laparoscopic, or endoscopic
operation), immediate-type reactions during medical care, hyper-
sensitivity reactions to NRL, occupation, and general medical
history.

Skin tests

Skin prick tests were done with two commercially available NRL
skin prick test solutions (Abelld, Madrid, Spain; Bencard,
SmithKline Beecham, Munich, Germany, 1%), common aeroaller-
gens (grass pollen, house-dust mite, and cat; Bencard, SmithKline
Beecham, Munich, Germany), and physiologic saline and histamine
dihydrochloride 0.1% as controls. Reactions were evaluated after
20 min and interpreted, according to Ring (21), as positive if there
was a wheal of >2 mm. Skin tests were not considered if there was a
reaction to the negative control or no reaction to the positive control.

Specific IgE in the serum

Determination of NRL-specific IgE antibodies in the serum was
made by CAP-FEIA (Pharmacia & Upjohn, Freiburg, Germany). If
NRL-specific IgE antibodies were found, duplicate tests were carried
out, and mean values were taken as results. Test results were
available only after surgery.

Challenge tests

In patients who had a positive skin test, challenge tests were
performed immediately after the skin test; i.e., before surgery. For
patients in whom we found NRL-specific IgE, challenge tests could
be done only after surgery. If the patients had already been
discharged, they were invited back for a challenge test. Challenge
tests were made on the back of a hand by applying a piece of a
powdered NRL glove (Sempermed®, Semperit, Vienna, Austria)
fixed with a NRL-free adhesive (Fixomull Stretch, Beiersdorf,
Hamburg, Germany). The test material was removed after 30 min,
and the test site was read immediately. Patients were informed that a
postponed reaction could occur, and if it did, they were advised to
inform the physician. A control test was carried out in the same way
with NRL-free material (Glovex® Neoderm, Beiersdorf, Hamburg,
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Germany). If the patient noticed pruritus during the first 30 min, the
test material was removed immediately. The challenge test was
positive if erythema and pruritus and/or whealing occurred.

NRL allergy

NRL allergy was defined as NRL sensitization (demonstration of
NRL-specific IgE antibodies in the serum and/or skin prick test
reaction to at least one NRL test solution) and a definite history of
immediate-type symptoms to NRL material and/or an immediate-
type reaction to NRL-containing material, but not to NRL-free
material at the challenge test.

In patients with NRL allergy and in patients in whom skin prick
test reactions to NRL were found before surgery, NRL material was
avoided during the intervention and also during the subsequent
treatment.

Atopy

Atopy was diagnosed if there was a history of any atopic disease
(allergic rhinoconjunctivitis, asthma, and atopic eczema) and/or at
least one skin prick test reaction to grass pollen, house-dust mite,
and/or cat.

Statistics

An elevated risk of NRL allergy was derived from results in children
with spina bifida: if there was a history of more than nine (18, 22-24)
or 10 (19) operations, patients had an increased risk of NRL allergy.
For our study, the patient was classified as a patient with multiple
operative procedures if a history of over 10 invasive procedures was
stated. Conventional, laparoscopic and endoscopic operative
procedures were counted together. Data were analyzed with SPSS
(Microsoft). A 95% confidence interval was calculated for categorical
variables and compared by the chi-square test. If data were not
binominally distributed, Student’s z-test was used.

Results

From a total of 433 consecutive patients, 325 (75.1%;
219 men, 106 women; aged 18-87 years, mean age
54.4415.6 years) agreed to participate in the study.
Zero to 10 invasive procedures had been performed in
253 patients, and more than 11-83 operations in 72
patients (11-20 in 52, 21-30 in seven, and >31-83 in
13 patients).

Nineteen patients reported intolerance of rubber
material (mainly gloves). A history of definite
immediate-type symptoms due to NRL contact was
given by 3/325 patients. Conclusive skin prick test
reactions to at least one of the NRL test solutions
were found in 14/285 patients (4.9%), eight patients
exhibiting reactions to both, and six only to one of
the solutions. NRL-specific IgE antibodies were
demonstrated in 23/323 patients (7.1%): CAP class
1, nine patients; CAP class 2, 11 patients; CAP class
3, one patient; and CAP class 4, two patients. Six
patients had both NRL-specific IgE antibodies in the
serum and skin prick test reactions to at least one
NRL test solution. Altogether, 31 patients (9.5%)
were found to be sensitized by skin prick test and/or
assessment of specific IgE in the serum. Challenge



Table 1. Characteristics of patients

NRL allergy in adults

Patients with <10 surgical procedures

Patients with > 10 surgical procedures

n 253 72
Mean age (years) 53.1 (+15.9) 58.9 (+13.8) NS
Men 172 (68.0%) 47 (65.3%) NS
Atopy 86 (34.0%) 22 (30.6%) NS
Number of surgical procedures 47 (+27) 20.1 (+12.8) <0.001
History of immediate-type
symptoms due to NRL 0 3
Skin prick test reaction to NRL 9 /221 (4.1%) 5/64 (7.8%) NS
Specific IgE antibodies to NRL

CAP class 1 7 2

CAP class 2 i 0

CAP class 3 1 0

CAP class 4 1 1

Any CAP class 20/252 (7.9%) 3/72 (4.2%) NS
NRL allergy or sensitization 24 (9.5%) 7 (9.8%) NS
NRL sensitization without
symptoms 24 (9.5%) 3 (4.2%) NS
NRL allergy 0 4 (5.6%) <0.001
NS: not significant.
tests could be performed in only 18 patients with (33.2%). Patients with atopy were significantly

NRL sensitization and resulted in a diagnosis of NRL
allergy in three patients. In one of the 13 patients
who did not have a challenge test, a diagnosis of
NRL allergy had already been established before this
study; consequently, a challenge test was not done.
There was no evidence that one of the remaining 12
patients was allergic to NRL, since all these patients
tolerated contact to NRL-containing material (such
as gloves etc.).

In our study, four individuals (1.2%) were diag-
nosed as having manifest NRL allergy, and another
27 (8.3%) were sensitized to NRL without clinical
symptoms. Atopy was present in 108/325 patients

Table 2. Clinical data of patients with natural rubber latex allergy

(P<0.001) more often allergic or sensitized to NRL
(21/108; 19.4%) than patients without atopy (10/217;
4.6%). Allergy or sensitization to NRL was not
associated with occupation, sex, age, or history of
private NRL contact. Data on the patients are given
in Table 1.

Among those with NRL allergy, three patients had
undergone 30 or more, and one patient 11 operative
procedures. Details on these four patients are given in
Table 2. A history of immediate-type symptoms to
NRL during medical treatment was clear in three
patients, and one patient reported no symptoms due
to NRL contact during medical treatment or private

Skin prick
Age NRL-specific  test reaction Reaction at
(years), Number of IgE CAP-class  to test Reactions due to NRL challenge
Sex Atopy®  Occupation operations  Clinical diagnosis (kU/1) solution from  during medical care test
30, M Yes Printer 35 Spina bifida 0 Abelld Contact urticaria, nausea, Yes
Hydrocephalus Bencard dizziness, vomiting
Hip joint dysplasia
37, M Yes Formerly farmer, now 34 Bladder carcinoma 4(20.2) Abellg No symptoms noticed so far Yes
commercial clerk Duodenal ulcer
Knee-joint arthrosis
60, F Yes Formerly saleswoman, 30 Breast cancer 1(0.6) ND® Pruritus, erythema urticaria, rhinitis, ND
now retired Cholecystolithiasis asthma, cardiovascular symptoms
Hysteromyoma
Bladder cancer
Kidney carcinoma
23, F No Telephone operator " Congenital neurogenic atony of bladder 0 Abelld Generalized urticaria Yes
Bencard
ND: not done.

@ History of any atopic disease (allergic rhinoconjunctivitis, asthma, and atopic eczema) and/or at least one skin prick test reaction to grass pollen, house-dust mite, and/or cat.

> Skin prick test reactions to NRL known from previous diagnostic tests.
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or occupational NRL exposures. In three of these
four patients, NRL allergy had not been diagnosed
before this investigation.

The frequency of NRL allergy and sensitization
together was similar in patients with 0-10 (24/253;
9.5%) or more than 10 operative procedures (7/72;
9.7%) (Table 1). NRL allergy was not found among
253 patients who had a history of up to 10
operations, but 4/72 patients (5.6%) with a history
of more than 10 operations were allergic to NRL
(P<0.001). Thus, frequent invasive procedures were
associated with allergy, but not with sensitization to
NRL without clinical symptoms.

Discussion

Among unselected patients scheduled to undergo
operative procedures, 1.2% had manifest NRL allergy
and another 8.3% NRL sensitization without clinical
symptoms. In three of four patients with NRL
allergy, the diagnosis had not been made prior to
this study. Interestingly, despite previous immediate-
type symptoms during surgery, we found NRL allergy
undiagnosed in two patients with urogenital mal-
formations, which are known risk factors. The
frequency of allergy or sensitization to NRL was
surprisingly high, and allergy was found only in
patients who had undergone more than 10 operative
procedures. The frequency of NRL allergy in this
patient group (5.6%) was significantly higher than in
patients who had undergone fewer than 10 invasive
procedures (0%) (P <0.001).

Until now, predominantly children with spina
bifida were known to be at increased risk of NRL
allergy due to operative procedures. Only a few
studies have investigated the frequency of NRL
allergy in other patients with multiple operations.
Porri et al. (17) found that children with a history of
multiple operations also had an increased frequency
of NRL allergy irrespective of the underlying disease.

Several studies have examined the frequency of
NRL sensitization in adult surgical patients in the
past (25-28). One study similar to our investigation
examined 996 adult outpatients by questionnaire-
based history and determination of NRL-specific IgE
in the serum by the AlaSTAT method (25). However,
skin prick tests or challenge tests were not carried out
in this investigation. In 67 of the 996 patients (6.7%),
NRL-specific IgE antibodies were found. This fre-
quency is in accordance with our findings. In part,
sensitization seemed to be of clinical relevance, as
suggested by the occurrence of intolerance reactions
(rash, wheezing, or conjunctivitis) during medical care
and/or a history of intolerance to rubber products. In
a study from Spain (27), skin prick tests were
performed in 1000 patients with a history of drug
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allergy or atopy prior to operative procedures; NRL
sensitization was present in 0.8%. No further
diagnostic tests were applied in this investigation. A
study from Finland found NRL allergy in one of 804
unselected adults (0.12%) prick-tested before surgery
(28). However, none of the above studies examined a
potential correlation between the number of previous
surgical procedures and NRL sensitization.

Golden et al. (26) investigated the frequency of
NRL sensitization among 829 surgical patients who
had undergone 0-20 previous operations. In this
study, no indication of sensitization or allergy to
NRL was found. A questionnaire-based history did
not reveal previous immediate-type reactions during
medical care; NRL-specific IgE in the serum was
determined in some of the patients, but no such
antibodies were found in 34 atopic patients with a
history of four or five surgical procedures or in 62
patients with a history of more than six surgical
procedures. Incomplete use of diagnostic tools may
have led to an unrealistically low diagnosis of allergy
or sensitization to NRL in the above studies.

Skin prick test reactions in patients with NRL
allergy may be discrepant with different NRL
preparations due to variations in allergen content
and/or composition. Thus, we recommend that skin
prick tests be performed with at least two skin prick
test solutions. Specific IgE antibodies to NRL are
demonstrable with the CAP-FEIA only in from 76%
(29) to 92% (30) of patients with NRL allergy.
Challenge tests with glove material are only poorly
standardized. It cannot be excluded that results are
false negative in some cases. Moreover, due to
incomplete skin or in vitro testing in 39 patients, we
may have missed single patients with NRL sensitiza-
tion. Challenge tests could not be perfomed in 12
patients with NRL sensitization. Therefore, our
results represent minimal numbers of NRL allergy
or sensitization in surgical patients.

Nevertheless, we found a fairly high frequency of
NRL allergy in our study. The main reason seems to
be patient selection, since numerous subjects with a
history of multiple surgical procedures were included.
However, the frequency of allergy or sensitization to
NRL also differs largely among patients from known
risk groups and evidently depends on the geographic
origin of the individuals investigated. Among patients
with spina bifida, NRL sensitization was found in
Venezuela in only 4.3% (14), but in the USA in up to
64.5% of subjects (12). The frequency of NRL allergy
in patients with spina bifida was up to 72.2% in the
USA (15), whereas in Europe it was found in only
11.5% in Germany (16) and 15.0% in Spain (31).

Three out of four patients with NRL allergy
reported symptoms occurring during medical treat-
ment that were probably related to NRL exposure.
One NRL-allergic patient had not previously noticed



symptoms. Despite typical symptoms of NRL allergy,
the diagnosis had not been made in two of three
allergic patients prior to our study.

Symptoms of NRL allergy during medical care in
our patients included contact urticaria, rhinoconjunc-
tivitis, shortness of breath, and cardiovascular reac-
tions. Most patients who experienced severe
cardiovascular symptoms or full anaphylactic shock
due to NRL were affected during invasive procedures
(19, 22, 32-35). As invasive treatment is associated
with the highest risk of severe reactions, NRL allergy
must be considered in all patients in whom NRL
contact occurs in the course of therapy.

In our study, atopy was a risk factor for NRL
allergy or sensitization: 19.4% of the atopic patients
were allergic or sensitized to NRL compared with
4.6% of those without atopy. Evidently, NRL
sensitization is common in the population, particu-
larly among atopic individuals. The frequency of
sensitization to NRL has been assessed among
patients presenting for evaluation of different allergic
diseases in allergy units, and was found to range from
1.7% (36) to 27.2% (37). NRL-specific IgE antibodies
were found in the sera of 3.5% of blood donors in
Italy (38) and up to 7.9% in the UK (39). The
generally high prevalence of NRL sensitization would
explain the high frequency of NRL sensitization
found in our study group which was not related to
the number of invasive procedures.

Occupational NRL exposure or a history of eczema
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did not correlate with NRL allergy or sensitization.
The number of patients at risk may have been too
small in our study to allow the detection of a
significant association. Hand eczema is considered a
risk factor in subjects who acquire their NRL allergy
at the workplace (7-9).

All in all, repeated operative procedures seem to be
a risk factor for NRL allergy, but not for NRL
sensitization without symptoms in adults. As such
procedures often include other diagnostic tests or
treatment before and after surgery, this procedure-
related frequency probably reflects total exposure to
the health-care environment. It is advisable to put in
practice measures of primary prevention of NRL
allergy for all patients, particularly through the use of
material with no or at least low allergen content. The
possibility of NRL allergy should be considered for
all patients, especially for those from high-risk
groups, which evidently also includes patients who
have undergone a large number of previous invasive
interventions. A complete series of preoperative
allergologic investigations might be advantageous in
order to prevent life-threatening allergic reactions by
exposure to NRL during further treatment.
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