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Abstract

Background: Latex allergy is an important medical prob-
lem for an increasing number of patients. It has been
documented as causing immediate hypersensitivity
reactions ranging from mild urticaria to life-threatening
anaphylaxis after cutaneous, mucosal or visceral expo-
sure. Recent studies in northern Europe and the USA
suggest that between 2.8 and 16.9% of healthcare work-
ers are affected by latex hypersensitivity type | reactions.
Objectives: To test the prevalence of contact urticaria
from latex gloves in a group of healthcare workers, to
examine the factors associated with latex allergy and to
evaluate some diagnostic methods used in latex allergy.
Methods: A total of 929 employees of the surgical units
who used latex gloves on a regular basis, at least once a
day, were invited to participate in this study including
administration of a questionnaire, a prick test with a
commercial extract of latex, a prick test with latex glove
eluate, a use test, RAST and an immunoblotting system;
moreover, a prick test with a group of common inhalant
allergens and a prick-by-prick test with fresh fruit (bana-
na, kiwi, avocado, chestnut) were employed. Results: Of
the 929 staff sent questionnaires, 313 (33.5%) replied; of
those who responded, 118 gave a history of hand prob-
lems such as itch, erythema, wheals when wearing
gloves, dryness and irritation most marked on the backs

of the hands. Among these 118 workers, 16 refused skin
testing and examination of blood, so 102 subjects were
studied for latex allergy; 21/118 (17.8%) healthcare work-
ers were found to be latex allergic. Eighty-one staff mem-
bers gave a history of hand problems worsened by wear-
ing gloves but were not latex allergic on testing. Those
healthcare workers who completed the questionnaire
and answered negatively (195/313) were not tested for
latex allergy. Prick tests with the commercial solution
were positive in 11 of the 21 subjects studied; prick tests
with the eluate of glove, RAST and the use test were pos-
itive in all workers; 10 of the 21 sera showed positive
immunoblot results. Atopy and a preexisting irritant con-
tact eczema of the hands were present in a high percent-
age of the workers. Conclusion: In this study of health-
care personnel, we found that allergic contact urticaria
from latex was present in 21 workers of the 313 (6.7%)
who responded to the questionnaire and of the 102
(20.5%) who were tested for latex allergy. Atopy and irri-
tant contact eczema of the hands were frequent in these
subjects. Skin prick testing with latex glove eluate and
the use test seem to be more sensitive than in vitro test-
ing, particularly immunoblotting, and are biologically
more relevant; skin testing with glove eluate must be

preferred to testing with a commercial extract.
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Natural latex refers to the milky sap produced by the
tree Hevea brasiliensis, the source of nearly all commer-
cially available natural rubber products. Allergy to natural
rubber latex has become an important occupational
health concern in recent years, particularly among health-
care workers [1], and the main source of workplace expo-
sure is the use of latex gloves containing high levels of nat-
ural rubber latex allergens [2, 3].

Two types of allergic reactions to rubber products are
known: type [ (immediate type) and type IV (delayed-type
hypersensitivity).

A survey of healthcare workers screened with skin
prick tests or serologic testing has shown that the preva-
lence of sensitization to latex ranged from 2.8 to 10.7% in
Europe [4] and from 5.5 to 16.9% in the USA [5]. During
the last 5 years, some healthcare workers at the Bergamo
General Hospital in northern Italy developed clinical
symptoms that were associated with exposure to latex
gloves. This provided the opportunity to undertake the
current investigation: (1) to test the prevalence of contact
urticaria from latex gloves in a group of hospital workers,
(2) to examine the factors associated with latex allergy at
baseline and (3) to estimate the diagnostic methods used
in latex allergy.

Subjects and Methods

A total of 929 employees of the surgical units who used latex
gloves on a regular basis, i.e. at least once a day, were invited to par-
ticipate in the baseline screening. This assessment included adminis-
tration of a questionnaire, latex skin testing, use testing and obtain-
ing serum samples. Informed signed consent was obtained from all
workers, and the study protocol received approval from the review
board of the hospital.

The questionnaire was given directly by two of us; in practice,
workers were asked whether they had hand problems and whether
these problems were made worse by wearing gloves. Moreover work-
ers were asked whether an atopic background was present, and
whether an allergy or intolerance to foods such as banana, avocado,
kiwi and chestnut was present; finally, they were asked whether they
had frequently used latex gloves. All gloves used in the hospital were
made from latex including sterile surgical gloves and nonsterile
examination gloves.

The employees identified by the questionnaire as having a hand
problem from latex gloves were invited to come to be investigated for
latex allergy. The workers were skin prick tested with a commercial
extract (Lofarma Allergeni, Milan, Italy) of ammoniated natural
latex collected in Malaysia; ammonia was removed by dialysis before
processing, and the protein content was 0.046 pg/ml measured by the
Bradford method (Bio Rad Protein Assay, Richmond, Calif., USA)
and with a solution obtained by immersing 20 pieces of 1 x 1 cm
latex glove in 5 ml of saline solution for 20 min; glove pieces were
then removed, and the solution was subsequently diluted in saline
1:1,000, 1:100, 1:10 and tested.
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Fig. 1. Immunoblot analysis reference strip
with molecular weights (in kilodaltons) of
the latex allergen panel.

During the protocol study we used the same highly allergenic
glove brand normally used in our hospital (Gammex, Ampli-
medical).

Histamine dihydrochloride and saline were used as positive and
negative controls, respectively. Prick testing using a group of com-
mon inhalant allergens (grass, birch, Artemisia, Parietaria officinalis,
Ambrosia, Dermatophagoides pteronyssinus, cat dander, Alternaria
and Cladosporium) and corn starch powder were performed. Sub-
jects who had a positive reaction to the latex skin test were prick by
prick tested using fresh fruit such as banana, kiwi, avocado and chest-
nut. Use testing was performed applying a latex glove directly to a
wet hand, and a vinyl glove was the control.

First, one wet finger was exposed to a glove-finger for 15 min. A
positive test was defined as 1-5 urticarial wheals. If no reaction was
observed, the entire glove was applied to a wet hand for an additional
20 min. If no wheals were noted, exposure was lengthened for some
days. Finally patch tests using the GIRDCA standard series (Italian
Research Group of Contact Dermatitis) were performed.

In vitro tests included RAST (CAP System RAST, Pharmacia)
for latex-specific IgE antibody detection and an immunoblotting
assay to study latex-binding IgE antibodies (Farmark, Segrate, Milan,
Italy). The immunoblot method used in the present study has been
described in detail by Alenius et al. [6]: the strips were incubated first
with the patient and control sera (diluted 1:5) and then with biotiny-
lated antihuman IgE antibody (Vector, Burlingame, Calif., USA;
diluted 1:2,000) and subsequently with streptavidin-conjugated alka-
line phosphatase (Bio-Rad Laboratories, Chemical Division, diluted
1:5,000); finally, a color development solution was added, and the
strips were incubated for 6 min. A sample was considered positive for
IgE antilatex antibodies if at least one band appeared on the strip,
and negative if no band was visible.

Figure 1 depicts a reference strip with the molecular weights of
the latex antigen panel used in our study.
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Table 1. Patient data

Patients Sex Age Occu- Clinical Commercial Latex glove  Use  RAST Immunoblots

years pation manifestation  extract eluate test

1 AL F 27 M U+E neg. 1:10 pos. class 2

2 FG F 30 N U neg. 1:10 pos. class 3

3 CC M 48 MD U+R+C pos. 1:100 pos. class 2

4 BG F 32 N U+R+C pos. 1:10 pos. class 3 neg.

5 LL M 34 N U+R+C pos. 1:10 pos. class 2 44 kD

6 PC F 41 N U+R+C neg. 1:10 pos. class 3 neg.

7 CA F 38 N U neg. 1:1,000 pos. class 3 44 kD

8 PA F 40 N U+R+C+A pos. 1:100 pos. class 3 neg.

9 ML F 36 CM U+A pos. 1:10 pos. class 5 20kD
10 BA M 37 N U+E pos. 1:10 pos. class 2 neg.
11 RE F 27 N U+E neg. 1:10 pos. class 4 44 kD
12 TA F 38 MD U neg. 1:10 pos. class 3 neg.
13 PA F 30 CM U+R+C pos. 1:10 pos. class 3 20kD
14 GM F 29 N U+E pos. 1:10 pos. class 4 neg.
15 CG F 24 N U+R+C pos. 1:1,000 pos. class 3 10, 39, 44, 54 kD
16 MA F 36 N U neg. 1:10 pos. class 3 neg.
17 TE F 31 N U neg. 1:100 pos. class 2 14 kD
18 TA F 25 N U pos. 1:10 pos. class 2 neg.
19 ZL F 28 N U pos. 1:10 pos. class 3 neg.
20 BG F 44 N U+E neg. 1:100 pos. class 2 20kD
21 SE F 46 0] U+E neg. 1:1,000 pos. class 2 20kD

U = Urticaria; E = eczema; R = rhinitis; C = conjunctivitis; A = asthma; F = female; M = male;
N = nursing staff, CM = cleaning member; MD = medicine doctor; O = obstetrician.

Results

Of the 929 staff members sent questionnaires, 313
(33.5%) replied; of those who responded, 118 gave a histo-
ry of hand problems such as pruritus, erythema, wheals,
dryness or irritation. Among these 118 workers, 16 re-
fused skin testing and blood examination so 102 subjects
were studied for latex allergy. Those workers who com-
pleted the questionnaire and answered negatively were
not tested for latex allergy (195/313).

There were 87 females ranging in age from 22 to 47 years
and 15 males aged from 26 to 50 years. The group included
3 medicine doctors, 69 nurses, 26 cleaning staff members, 3
technologists of surgical units and 1 obstetrician. Of the
102 workers tested, 21 were shown to be latex allergic (ta-
ble 1), and 81 who gave a history of hand problems wor-
sened by wearing gloves were not latex allergic on skin test-
ing, and RAST results were negative in all but 7.

Skin testing with eluates of glove and RAST were posi-
tive in all 21 latex-allergic workers (RAST class 2 was pos-
itive in 8 subjects, class 3 in 10, class 4 in 2 and RAST
class 5 in 1 worker).

Contact Urticaria from Latex in Healthcare
Workers

Prick tests with the commercial extract were positive
in 11 of the 21 workers. In the present study 10 of the 21
healthcare workers’ sera showed positive immunoblot
results; IgE antibodies from 5 sera bound to a 20-kD pro-
tein band; 4 sera bound to a 44-kD allergen and 1 serum
to a 14-kD allergen. The handling test was positive in all
21 workers; among these subjects, 6 had a preexisting irri-
tant contact eczema of the hands. None showed an aller-
gic contact eczema from antioxidants, accelerators and
from any other chemical substances added to natural rub-
ber latex during manufacturing. No positive reaction to
corn starch powder was observed, and no positive reac-
tion from prick-by-prick testing using fresh fruit was
obtained. Atopy, defined as the presence of a positive skin
reaction to at least one of the common inhalant allergens
tested, was present in 9 workers with latex allergy. A com-
parison between the prevalence of atopics in latex-allergic
(9 of 21) and non-latex-allergic workers (11 of 281)
showed a strong significant association between atopy and
latex allergy (p < 0.0005).

From the clinical point of view, among the 21 latex-
allergic workers, 7 had urticaria, 6 had urticaria and irri-
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tant contact eczema, 7 had urticaria and rhinoconjuncti-
vitis, and 2 subjects had urticaria and asthma. Overall,
out of the 102 healthcare workers investigated for latex
hypersensitivity type I, not regarding 21 with latex aller-
gy, 36 showed on clinical examination dryness, erythe-
matosquamous and keratotic fissured type lesions of the
hands.

Finally, among the 16 subjects who refused skin testing
and in vitro tests while on examination 2 showed a
chronic eczema of the hands, the rest gave a history of
erythema and dryness suggestive of irritant contact der-
matitis of the hands.

Discussion

Latex allergy continues to be a problem for lots of occu-
pational healthcare workers. In our study we found that
allergic contact urticaria from latex was present in 21
workers of 313 (6.7%) who responded to the question-
naire and gave a history of hand problems, and of the 102
(20.5%) who were tested for latex allergy. For compari-
son, the prevalence of latex hypersensitivity in the general
population is thought to be less than 2%. We used a step-
wise protocol including a standardized questionnaire,
prick tests, in vitro tests and a handling test. We observed
a correlation between the results obtained by the prick test
using the eluate of latex gloves, the use test and the clinical
symptoms. In this experience we observed that the prick
test with latex glove eluate and the use test are more sensi-
tive than in vitro tests, particularly the immunoblotting,
and are biologically more relevant; and this is in agree-
ment with others [7-9].

Kelly et al. [10] reported that prick tests with a latex
glove extract produced severe systemic reactions in 8.4%
of the 107 subjects tested; others reported the frequencies
of severe adverse reactions after prick testing with latex
glove extract to be much lower [11]. In our study group,
none referred several or mild reactions after prick testing
with latex glove eluates. Probably these differences can be
due to the variable glove extract used.

Prick testing with the commercial latex extract showed
positive results in 11 out of the 21 latex-allergic workers;
better results have recently been obained with a commer-
cial standardized latex preparation from Stallergenes [12];
this skin test reagent was shown to contain most if not all
of the well-known significant latex allergens. It showed a
high sensitivity (93%) and specificity (100%}.

However, given the range of latex proteins involved in
the etiology of latex allergy, with different sensitivity pat-
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terns responsible in individual patients, no test can be
entirely satisfactory. Furthermore, we must note that
glove brands vary greatly in their allergenicity and glove
eluates will accordingly produce positive prick test results
in varying proportions of latex-sensitive patients.

The assessment of latex-specific IgE by RAST was pos-
itive in all 21 subjects, but we did not observe any correla-
tion between the class of positivity, the clinical history
and the positive prick test results obtained by using differ-
ent concentrations of latex glove eluate.

Recently, Kibby and Akl [13] studied 135 hospital
workers for possible latex allergy using a questionnaire,
prick tests and serology; 7 subjects had a clinical history of
latex problems (were symptomatic), 11 had positive prick
test results and 9 showed latex-specific IgE antibodies
with a class II or higher of positivity. Other authors exam-
ined IgE immune responses to latex proteins in sera from
27 adult patients with latex allergy using an immunoblot
method [14]; they observed that 81% of patient sera
showed positive immunoblot test results.

Our immunoblot study, comprising 21 sera from
healthcare workers with latex allergy, showed that 10 sera
were positive. Particularly, IgE from 4 sera bound to a
44-kD allergen, 5 sera to a 20-kD protein and 1 serum
bound to a 14-kD protein. On the other hand, 11 subjects
with latex allergy had negative test results in immunoblot-
ting; this could be due to the lack of relevant allergen in
the antigen preparations used in our study, the lack of sen-
sitivity of the immunoblot method or, finally, technical
reasons could be an additional negative factor indicating
the limitations of this assay. Recently some authors [15]
have demonstrated by ELISA experiments that hevein, a
domain in prohevein, is a major allergen in healthcare
workers with latex allergy, and the 14-kD protein is the
same for children with spina bifida [16].

Handling and prick tests with eluate of latex gloves
showed positive results in all our subjects with latex aller-
gy, and a correlation between these results and the clinical
history has been observed.

Nine of the 21 latex-sensitive subjects of our study
were atopics with mucosal symptoms, and 6 subjects had
a preexisting irritant contact eczema of the hands; for
their frequency, we must consider these conditions im-
portant risk factors for latex allergy type I in hospital per-
sonnel; these observations agree with other experiences
[17-20].

Allergies to some foods are associated with allergy to
natural rubber latex [21] and allergens common to both
latex and food have recently been identified [22]; how-
ever, other studies have not supported this association
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[23]. None of our workers with latex allergy showed posi-
tive results to prick-by-prick testing with fresh fruit such
as banana, avocado, kiwi and chestnut. The conflicting
data observed between fruit-latex allergy probably derive
from epitopes that are present in some foods and latex
allergens and absent in others.

In conclusion, data from this large study provide sup-
port that latex allergy in healthcare workers is growing
and that it is an important occupational health concern; a
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