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The first reported case of an immediate hypersensi-
tivity reaction to latex was described by Nutter in
1979 (52), although this allergy had certainly oc-
curred before that date. During the past 5 years,
allergic reactions to products made of natural rub-
ber latex have been reported with increasing fre-
quency, especially in health care personnel and their
patients. This phenomenon has been attributed to
the recent dramatic rise in the use of latex gloves by
medical, dental and auxiliary personnel for protec-
tion against the AIDS and hepatitis viruses, although
not all authors agree (74), and it might not explain
the apparently increased incidence in children with
spina bifida and in the general population. It is likely
that the increased incidence of allergy to latex among
hospital personnel and their patients is related to
changes in the manufacturing of gloves and/or to the
change from reusable, steam-sterilized to single-use
gloves that followed the increased demand for these
products. In addition it might be related to better
recognition of the clinical problem by the medical
community.

In this review, we will consider, successively, the
epidemiology of allergy to latex including its preva-
lence and the risk factors for its development, its
clinical manifestations, the nature of latex allergens,
immunologic mechanisms of latex allergy, diagnos-
tic methods, and the prevention of allergic reactions
to products made of natural rubber latex.

Epidemiology of latex allergy
Repeated exposure to natural rubber latex is obvi-
ously essential for the development of sensitivity to

latex. The variety of articles containing latex is con-
siderable. Among the more important, we can cite
medical equipment (including, of course, surgical and
examination gloves but also tubes and catheters, face
masks and other anesthesia equipment, tourniquets,
adhesive tape, and elastic bandages), household and
electrician's gloves, balloons and balls, condoms,
footwear, adhesives (for example, on stamps and
envelopes), stretch fabrics, baby pacifiers, carpets
and mats, and sports equipment. Since exposure to
rubber products is so widespread, it would be of
interest to determine the prevalence of latex allergy
in the general population; however, this information
is not available.

In fact, more than half the reported cases have
occurred in health care workers and in patients un-
dergoing surgical procedures or internal examina-
tions, both these groups having frequent contact with
natural rubber products. In 1987, Turjanmaa re-
ported the prevalence of allergy to latex (as defined
by a positive skin test) in a group of 512 hospital
personnel (74). Of the 145 subjects working in dif-
ferent operating units (surgery, ophthalmology, ORL,
gynecology and obstetrics), 6.2% were allergic to
latex, in contrast to only 1.6% ofthe 367 persons
working in laboratory units. This difference is not
surprising, given that the concentration of airborne
latex allergens in areas where surgical gloves are
frequently used has been found to be 10-100 times
higher than in areas where gloves are never or sel-
dom used (71). Beaudouin et al. reported a lower
rate of sensitization (2.5%,) in hospital employees,
but they did not specify how many operating-room
(OR) nurses were included in the population they
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studied (7). We conducted a study of the prevalence
of latex sensitivity in 268 OR nurses in several hos-
pitals in Marseille (35). Of the total target popula-
tion, 248 (96%) answered a questionnaire, and 197
(73.1 %) were skin tested with a latex extract. Symp-
toms associated with wearing gloves were acknowl-
edged by 41 % of the nurses, significantly more often
by those who were atopic, whereas the latex skin test
was positive in only 21 (10.7%) of these OR nurses
tested. Among the 102 nurses complaining of local
symptoms, most often itching and/or urticaria, only
19 (18.6%) had a positive latex skin test. The results
of our study therefore suggest that latex allergy is
probably more common in OR nurses than previ-
ously recognized, especially among those who are
atopic. Moreover, it appears that in an epidemio-
logic survey a questionnaire alone is unreliable for
the detection of latex sensitivity. To make a defini-
tive diagnosis, a questionnaire must be comple-
mented by a latex skin test. Of course, OR nurses are
not the only category of hospital personnel affected
by latex allergy: among a group of 31 latex-sensitive
hospital employees seen in consultation by one of us
(56) were seven nurse's aides, seven doctors (includ-
ing four surgeons), and two anesthesiologists; 37%,
of the 70 patients seen by Jaeger et al. were physi-
cians or medical students, while 54% were male or
female nurses or technicians (26). Other professions
at risk include dentists and other health care work-
ers, cleaners, restaurant workers, gardeners, and
painters.

Because many children with spina bifida require
multiple surgical procedures, they are at risk of de-
veloping allergy to latex. Thus, a number of investi-
gators have found a strong association between spina
bifida (with meningomyelocele) and anaphylactic re-
actions during general anesthesia (25, 29, 44, 51, 55,
59, 63, 85). In a study of 187 families, Meeropol
et al. found that up to 28% of spina bifida children
are allergic to latex (46). Slater et al. reported that as
many as 34% of such children have evidence of
latex-specific IgE antibodies (detectable by RAST),
and they found a strong correlation between a pos-
itive RAST and the number of prior operations, pro-
viding evidence that repeated exposure during sur-
gical procedures can induce sensitization to latex
(66).

Not surprisingly, workers in glove-manufacturing
plants are also at risk of developing latex allergy.
Tarlo etal. examined 81 workers in one plant for
evidence of allergy to latex (72). Sixty-seven work-
ers completed a questionnaire to assess work-related
respiratory symptoms, 63 underwent skin prick
tests to latex, and 50 underwent work-shift spirom-
etry. A positive skin test to latex occurred in (7
(11%) of the workers tested. Three of the 50 (6%)
who underwent work-shift spirometry were consid-
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ered to have latex-related occupational asthma. All
these findings indicate that latex is now an important
cause of occupational allergy, especially among
health care workers. Although it has not been re-
ported, it would be interesting to know the preva-
lence of latex allergy among workers on rubber tree
farms in latex-processing facilities.

Knowledge of individual risk factors in addition
to those cited above might allow better identification
of subjects susceptible to sensitization. Among
adults, latex allergy occurs predominantly in women,
but this is not surprising, as most published reports
concern hospital personnel, and, as is well known,
women are overrepresented among health care work-
ers. Thus, 80% of the cases reported by Wrangsjo
et al. were female (84); Beaudouin et al. reported
that all 24 latex-sensitive subjects they studied were
female (7); 70%, of those reported by Jaeger et al.
were female (26); and 79% of Pecquet's patients
were female (;56). In the Marseille study on OR
nurses, of which only 13% were male, only one of
the 21 latex skin test-positive subjects was a man
(35). The overrepresentation of women in these pop-
ulations is certainly linked to greater exposure to
latex gloves in their work.

With respect to age as a risk factor, it is not sur-
prising that latex allergy appears to cluster in younger
people, being reported most often in health care per-
sonnel and in children requiring multiple operations.
Thus, in the series reported by Jaeger et al., the mean
age was 33 years (26), and in the series reported by
one of us (56), it was 32 years. In addition to being
related to heavy latex exposure, this age clustering
might also be related to the age dependence of IgE
responses in general (5).

Many reports of latex allergy concern atopic in-
dividuals. In those cited above, there was a positive
association between atopic status and the risk of
latex allergy (7, 35, 56, 74, 84). For example, Tur-
janmaa reported that 67%, of the 15 latex-allergic
patients in her survey were atopic (defined as hav-
ing a positive skin prick test to major aeroallergens),
as opposed to only 23.9% of the 497 who were not
allergic to latex (74). Among the group of OR nurses
studied in Marseille, those with a history of allergic
rhinitis and/or asthma had a 4.4-fold higher risk if
being allergic to latex (35).

Interestingly, an association between allergy to
latex and allergy to a variety of fruits, most often
banana and avocado, has been noted (13, 18, 37, 39,
50, 62, 84, 86). Nearly half the patients seen by
Pecquet reported having had an allergic reaction to
a fruit, the most frequently mentioned being banana
(34%), avocado (25%), and kiwi (20%) (56). Less
frequently noted were apricot, chestnut, grape, pas-
sion fruit, and pineapple.

Pre-existing contact dermatitis on the hands, fre-



quently caused by the nonlatex components in rub-
ber gloves (20), is thought by some authors to pro-
mote sensitization to latex. In a Finnish survey, 60%
of the latex-sensitive persons had a history of hand
eczema, whereas only 17.4% of nonsensitized per-
sons had such a history (74). In contrast, the rate of
skin test positivity to latex among subjects with a
history of hand eczema was not higher in the
Marseille survey (35), and contact dermatitis caused
by latex was rarely present in the latex-sensitive pa-
tients seen in consultation by Peequet (56). Obvi-
ously, this might be a treatable risk factor and it
should be investigated further.

Clinical manifestations
The clinical manifestations of immediate hypersen-
sitivity to latex usually arise from direct contact with
a natural rubber product but may also result from
inhalation of airborne latex allergens, such as that
which is attached to the cornstarch powder used to
lubricate surgical gloves. The symptoms and signs
may be localized or generalized, consisting of local,
regional, or generalized urticaria, angioedema, rhin-
itis, conjunctivitis, asthma, tachycardia, and/or ana-
phylactic shock. Of the 70 patients described by
Jaeger et al. 100% had experienced urticaria, 51%
rhinitis, 44% conjunctivitis, 31 % dyspnea, and 24%
a systemic reaction (including angioedema ofthe lips
and face), and four patients had developed a severe
reaction during surgery or delivery (26). In some
cases, gloves worn by colleagues in the same room
were sufficient to cause symptoms. Among the 80
patients seen by Pecquet, 92% had contact urticaria
as the primary manifestation of their allergy, this
reaction having first occurred from 6 months to 20
years earlier (56). Pruritus was often noted within
5 min after contact with a latex product, household
or surgical gloves in most cases, and the eruption
lasted 30-60 min after the gloves were removed. The
reaction was usually localized to the zone of contact,
but loeal and/or regional extension occurred in some
patients. Anaphylactic shock had occurred in two
cases, one of which had resulted from prolonged
wearing of gloves.

Certain aspects of each type of reaction deserve
special comment.

Contact urticaria

A growing number of cases of contact urticaria to
natural rubber latex are being reported (12, 21, 23,
24, 30, 45, 52, 57, 83, to cite just a few). Local or
regional urticaria is often the only manifestation of
latex allergy, and its occurrence is highly correlated
with this allergy, especially in atopic persons, where
its predictive value approaches 70%, (35). In con-

Allergy to latex

trast, pruritus alone is usually not predictive of latex
allergy: in our Marseille study, only one of the 25
nurses who complained only of itching when wear-
ing surgical gloves had a positive skin test to latex
(35). Similarly, Turjanmaa found that only 13%, of
nurses with this complaint were actually allergic to
latex (74).

Respiratory symptoms

Acute rhinitis, asthma, or both may be part of a
generalized reaction following contact with latex, or
they may occur as a result ofthe inhalation of aller-
gen. Challenge testing by handling boxes gloves can
induce immediate sneezing, rhinorrhea, and wheez-
ing in latex-sensitive persons (6, 34, 60). Turjanmaa
et al. have demonstrated latex allergens associated
with glove powder (78). Glove powder obtained by
gentle rubbing of surgical gloves is contaminated
with the same proteins that are present in ammoni-
ated latex and in eluates from the same surgical
gloves. It was recently reported that the concentra-
tion of airborne latex allergens in hospital areas
where gloves are frequently used ranges from 13 to
121 ng/m^̂ , whereas in areas where gloves are sel-
dom or never used it ranges from 0.3 to 1.8 ng/m"*
(71). The concentration in the personal breathing
zone of health care workers in high glove-use areas
ranges from 8 to 136 ng/m"*. Thus, it is not surpris-
ing that allergic OR personnel can have respiratory
symptoms at work.

System nifes

Angioedema, generalized urticaria, or anaphylactic
shock caused by latex allergy may occur under a
variety of circumstances; however, most reported
cases have occurred in the OR. While serious reac-
tions have occurred in OR personnel, the great ma-
jority have occurred intraoperatively in patients,
some of whom are, of course, nurses. Anaphylaxis
has been induced in patients by contact with a sur-
geon's gloves, as in an intra-abdominal operation
(25, 38, 39, 54, 56, 63, 73, 87). In some cases, it
occurred after contact with a rubber face mask or
rubber tubing, for example, following tracheal intu-
bation or after insertion of a catheter. Many of the
reported cases have occurred during gynecologic or
obstetric procedures, for example, during Caesarean
section (41, 80) or vaginal delivery (36), and even
after vaginal examination with a latex finger cot (4).
Some patients have experienced more than one ep-
isode of this type during surgery, the cause ofthe first
episode not having been recognized (56). As the
signs of latex-induced anaphylaxis — pruritus, gen-
eralized urticaria, bronchospasm, tachycardia, and
cardiovascular collapse - are generally delayed in
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onset, appearing more than 30 min after the induc-
tion of anesthesia (25), and as they become worse
progressively, anesthetic drugs - especially thiopen-
tal (9) - can usually be excluded as being the cause
ofthe reaction; further evidence can be obtained by
negative skin tests with the drugs.

Anaphylaxis caused by latex has occurred during
barium enema and rectal manometry. Ownby et al.
reported six cases of anaphylaxis that had occurred
during a barium enema examination; one of these
patients died as a consequence (53). All the patients
were female, and four of them were atopic; none had
had a previous reaction to latex, and only one had
had previous surgery. All the procedures were per-
formed with a rectal catheter having a latex cuff.
Latex allergens were detected in an extract of the
catheter used to instill the enemas, and latex-specific
IgE antibody was detected in the serum of five ofthe
patients. One case of systemic anaphylaxis occurred
during rectal manometry in which a latex balloon
was used (68).

Allergic reactions to latex have also arisen during
leisure acfivifies. Beuers et al. reported the case of a
25-year-old woman who was admitted to an emer-
gency unit in severe anaphylaxis after a game of
squash (8). Allergy skin tests were positive to an
extract of the handle cover of the patient's squash
racket as well as to extracts of latex and latex gloves.
Axelsson et al. described angioedema and anaphy-
laxis caused by the rubber in toy balloons among
children allergic to latex (3). Eleven percent of the
cases of latex allergy reported by Jaeger et al. were
due to contact with balloons, and 16% to adhesive
bandages (26). Among the rare causes of latex al-
lergy reported by these same authors were stretch
textiles, a hot-water bottle, a baby pacifier, a diving
mask, sailing equipment, shower curtains, an air
mattress, stamps, and window insulafion.

As noted above, local or systemic allergic reac-
tions can be induced by contact with condoms and
dental dams. Leynadier et al. reported a case of vag-
inal urticaria induced by contact with a latex con-
dom (40). Wrangsjo et al. described three cases of
contraceptive-induced localized urficaria, associated
in one case with mild distant symptoms and in an-
other with a systemic reaction; all three patients had
a history of personal atopy (84). Turjanmaa & Re-
unala reported that 7 of 29 women (24%,) allergic to
latex gloves had experienced localized vaginal pru-
ritus and/or edema during or after intercourse (76).
Generalized urticaria shortly after protected inter-
course was reported in a latex-sensitive woman (19).
Anaphylactic shock following vaginal contact with
a rubber condom in a latex-sensitive woman has
also been reported (56). A number of authors have
reported the occurrence of allergic symptoms, for
example, edema of the lips and face, following

contact with a latex dam during dental surgery (4,
26, 84).

Immunologic mechanisms
Allergy to latex is a typical example of an immuno-
logically-mediated immediate hypersensitivity reac-
tion: it is induced by allergenic proteins from a
naturally occurring substance, mediated by IgE
antibodies and expressed through sensitized mast
cells and basophils. Nutter (52) demonstrated the
presence of an immediate skin test reaction to a
5%, aqueous solution of natural latex in a patient
with contact urticaria. Kopman & Hannuksela (31)
were the first to provide direct evidence of the IgE
mechanism when they passively transferred the re-
action with serum from a latex-sensifive pafient to
the skin of a nonsensitized person. Since then,
there have been many reports on the presence of IgE
anfibodies in the serum of latex-sensifive persons,
leaving no doubt about its central role in this
problem. However, as stated by Alenius et al. (1),
while it appears that there is a correlation between
high levels of IgE anfibody and severe allergic reac-
fions, the natural course of the IgE antibody re-
sponse in these patients remains unknown. One
thing is certain, however: most latex-sensifive pa-
fients have an atopic background (7, 35, 56, 70, 74,
84).

lgG4 antibodies have also been detected in the
serum of a few latex-sensitive persons, possibly as a
result of lengthy exposure to latex antigens (1).

Sensitizafion is acquired by repeated contact with
latex, a substance found in a very wide variety of
common, manufactured products. This explains the
high prevalence of latex allergy among workers in
factories manufacturing rubber products (72), in
nurses and doctors (7, 35, 74), and in children who
have undergone mulfiple operations (46, 63). The
durafion of exposure to rubber before the onset of
the allergic reacfion has been reported to vary from
0.5 to 15 years (84). The precise mode of sensitiza-
tion has not been demonstrated, but must certainly
include both cutaneous and mucosal (including res-
piratory) routes.

Latex allergens
Natural latex, an emulsion of rubber parficles in an
aqueous serum, is the sap of the rubber tree, Hevea
brasiliensis. The rubber parficles consist mainly of
long-chain polymers of c/.s'-l,4-polyisoprene which
are surrounded by a thin phospholipoprotein coat.
After addition of preservative (usually ammonia) and
concentrafion (to increase its rubber content to at
least 60 %), liquid latex is delivered in tanks or drums
to the consuming factories, where it is stored before



use. Various chemical agents are added to give it
specific characteristics. The final rubber product,
cross-linked (vulcanized) through sulfur bonds by
heafing, contains 93-95% polyisoprene and up to
3 %, protein by weight.

Natural rubber latex contains many different pro-
teins, lipids, nucleotides, and other organic sub-
stances (16). The protein concentrafion of a native
latex sap was reported to be 16.53 mg/ml (11). Gel
electrophoresis of this sap revealed at least 16 pro-
tein bands, the most abundant ranging in molecular
weight from 14 to 17 kDa (2). On isoelectric focus-
ing, most ofthe protein bands migrated into the pH
zone between 4 and 6.5 (27).

A number of allergenic proteins have recently been
detected in latex sap, ammoniated latex, and ex-
tracts of rubber gloves. Carillo et al. demonstrated a
trypsin-sensitive allergen with a molecular weight
somewhat higher than 30 kDa in natural latex (12).
Using a pool of pafients' serum in immunoblotting.
Morales et al. observed binding of IgE antibody to
proteins with molecular weights of 10, 24, 35, and
100 kDa in ammoniated latex (49). Slater reported
that on immunoblotting of an extract prepared from
nonammoniated latex, 14/14 RAST-positive sera
from children with spina bifida bound to a 14-kDa
protein band, 6/14 bound to a 20-kDa band, and
5/14 bound to a 23-kDa band (64). Warpinski et al.
examined a latex extract with sera from three adults
and found IgE binding to proteins with molecular
weights of 30 and 66 kDa (83). Matliew et al. de-
tected IgE reactivity to protein bands of 10 and
14 kDa in an aqueous latex extract (44). Chambey-
ron et al. examined soluble natural latex and ammo-
niated latex by immunoblotfing with sera from eight
latex-sensifive persons and found IgE-binding bands
with molecular weights of 10, 15, 18, 20, 25, 30, 35,
and 60 kDa (14). Alenius et al. performed immuno-
blotting with serum from five different patients and
identified 10 allergenic proteins in natural rubber sap
and nine in ammoniated latex, with molecular weights
ranging from 14 to 70 kDa (2). Significantly, only
two of these proteins - an 11 kDa protein and a
26-Da protein - were seen in a surgical glove extract,
suggesting that they might be modified rubber pro-
teins formed during the manufacturing process. Re-
cently, Slater & Trybul reported that they have par-
fially purified latex allergens by afiBnity
chromatography, using an anfilatex monoclonal an-
tibody (67). Regarding the charge of latex allergens,
Boyle et al. (11) recently reported that IgE in serum
from one latex-sensifive pafient bound to at least
four bands at pHs between 8.0 and 4.5. Obviously,
further work is needed fully to identify the major and
minor latex allergens, to isolate the most important
ones, and to determine their structure, in order to
develop better diagnosfic methods, to conduct ge-
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netic studies, and to control the allergenicity of rub-
ber products.

On the basis of M'Raihi et al.'s observafion of a
case of allergy to latex gloves in a nurse allergic to
banana (50), we studied the possible cross reactiv-
ity of banana extract with latex allergens by RAST
inhibition and found a dose-dependent inhibifion
with increasing concentrations of banana extracts,
strongly suggesting the presence of a common aller-
gen in the two substances. This observafion has re-
cently been confirmed (43). As with some other
shared allergens, the basis for this cross reactivity
may not be strictly botanic, as the rubber tree and
the banana tree {Musa sapienlttm) belong to phylo-
genetically dissimilar classes, Magnoliopsida and
Liliopsida, respectively. It would be interesfing to
know if latex shares allergens with other foods that
cause allergic reactions in latex-sensitive persons.

Diagnosis
Skin testirtg and other challenge tests

The first step in the diagnosis of latex allergy is ob-
viously to obtain an adequate clinical history (65),
but, as noted above, this must be supplemented by
skin testing. In spite ofthe fact that the allergens of
Hevea brasiliensis are not yet fully characterized, skin
tests with latex and extracts of latex products are
considered to be very specific, since persons not
allergic to latex have negative reactions. At the same
fime, skin tests are very sensitive, since 100% of
subjects seen in consultation for an allergic reaction
to latex have been found to have a positive reaction
to latex or latex glove extract (44, 79, 84). A latex
preparation is available from Stallergenes S.A. for
skin testing; however, there is as yet no general
agreement concerning the material to use in skin
tesfing. Most investigators have used either latex
itself (usually ammoniated and centrifuged latex), an
extract of latex, or an extract of surgical gloves for
skin testing. Nutter obtained a positive skin test with
a 5% aqueous solufion of natural rubber latex that
had been shaken and left to stand for 24 h (52).
Turjanmaa et al. compared several latex-containing
materials to determine the most reliable for use in
diagnosis and to investigate coexistent sensitivity to
glove powder and chemical additives (79). Skin prick
tests with latex itself were positive in 12/15 latex-
sensifive subjects. A scratch-chamber test using
crushed rubber tree leaves was positive in 13/15.
Prick tests with a glove extract were posifive in all
15 subjects. A latex glove-use test was positive in
12/13 subjects, whereas tests with cornstarch and
talcum glove powders were negative. No immediate
skin reactions were detected with the various chem-
ical addifives.

Wrangsjo et al., investigating 30 patients with con-
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tact urticaria, obtained posifive skin tests with a so-
lution of rubber latex that had been extracted in
saline (1:9, w/v), centrifuged, sterilized by filtrafion,
and diluted 1:100 w/v in saline containing 0.03%,
human serum albumin (84).

Turjanmaa et al. performed skin prick tests in 40
latex-allergic subjects with extracts of 19 brands of
latex surgical and cleaning gloves (75). Twenty-six of
the subjects had been sensifized by surgical gloves,
and the remaining 14 by cleaning gloves. The results
confirm that allergenic proteins persist in various
sorts of latex gloves after being manufactured from
natural rubber latex and that these allergens can
cause contact urticaria. However, the frequency of
positive test reactions varied from 8 to 100%, de-
pending on the source of the extract, indicating that
there are differences in the quality or the amount of
latex allergens eluting from different brands of gloves.
It should be noted that methods of extracting gloves
vary considerably from one report to another; the
method undoubtedly influences the quality and quan-
fity of allergens that are extracted.

Turjanmaa's group also performed skin prick tests
with extracts of 16 different brands of condoms and
showed that four brands caused a posifive reaction
in 52-67% of patients allergic to latex (75). The
remaining 12 brands were not as allergenic, and the
extract of one brand was totally negafive on skin
testing. These latter results indicate that patients with
contact urficaria caused by latex gloves may have
reactions with latex condoms.

Provocafion tests have been done by having pa-
tients with contact urticaria wear latex gloves (79, 84),
and by having patients with respiratory symptoms
inhale powder from latex gloves (26). Turjanmaa
et al. reported that a provocation test in which a
latex glove was worn on a dampened hand for 15 min
gave positive results in 12/13 cases; the thirteenth
patient, who had not worn latex gloves during the
previous 4 years, had a posifive response only after
wearing the glove for 4 h (79). None of these aller-
gic patients reacted to contact with a vinyl glove, and
control employees without contact urficaria did not
react to the latex glove. Two highly allergic hospital
employees were not tested by these invesfigators,
who considered that provocation testing of such per-
sons might induce an anaphylacfic reacfion. In con-
trast, Wrangsjo et al. tested 10 patients with a his-
tory of systemic symptoms by placing 1 cm^ pieces
of surgical glove latex material moistened with saline
on the skin of the forearm, or by having them wear
one glove finger, for 20 min (84). A posifive reacfion
was observed in 9/10 pafients, two of whom expe-
rienced only distant symptoms (conjuncfivifis, rhin-
itis, dyspnea, facial redness) during the test. Jaeger
et al. tested seven pafients allergic to latex gloves
with six different brands of sterile gloves, including
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three "hypoallergenic" brands and two latex-free
brands (26). The latex-free gloves were well toler-
ated, but the "hypoallergenic" gloves were not.
Wrangsjo et al. caution that the risk of eliciting sys-
temic reacfions must be taken into account when
performing provocation tests (84), and we believe
that they should be done only in very special cases.
These authors also point out that it is difficult to
standardize provocafion tests because of different
reports from pafients and the unknown allergen con-
tent in rubber materials, as well as differences in the
penetration of allergens into the skin.

As menfioned above, inhalation provocafion tests
have been done with latex to confirm the presence of
respiratory symptoms induced by contact with latex
or airborne latex parficles. Jaeger etal. performed
such tests with 18 patients who had experienced
dyspnea or rhinifis/conjuncfivitis related to latex
contact (26). Inhalation of cornstarch from latex
gloves in a small inhalafion chamber during 5-
60 min induced reacfions in all 18 pafients tested.
The most frequent reacfions during the test were
rhinitis, cough, and conjuncfivitis. A significant in-
crease in airway resistance was seen in five cases.
One patient developed severe facial angioedema and
hypotension; another complained of generalized
malaise. These symptoms were not induced by han-
dling of cornstarch-powdered, latex-free gloves.

ln vitro tests

A latex radioallergosorbent test (RAST) is available
commercially for the in vilro detection of latex IgE
antibodies (Latex, k82, Pharmacia Diagnostics), but,
as expected, it is less sensifive than skin tests and
provocafion challenge, detecting these anfibodies in
only about 50-70% of skin-test-posifive, latex-
allergic patients (4, 22, 26, 79, 84). Jaeger et al. found
that in 16%, of their latex-allergic pafients, specific
IgE antibodies were detected by RAST only when
the test was made with latex-coupled disks prepared
in their laboratory (26).

Sandberg etal. recently reported that 39%, of a
group of 31 children in a spina bifida clinic had a
positive RAST (59). Three of these children had had
an allergic reaction to latex, whereas no child with
a negafive test had a clinical history of hypersensi-
tivity. These authors concluded that the value of
rubber-specific IgE awaits prospective studies.

A new latex-specific fiuorescent enzyme immu-
noassay for the detecfion of latex-specific IgE (Phar-
macia CAP System, PCS) was recently evaluated by
Dolen et al. (17). Mathew et al. obtained a positive
result with this assay in 4/10 skin-test positive, latex-
sensitive spina bifida pafients (44). Kwittken et al.
have developed a flow cytometric assay (FCA) for
antilatex IgE anfibodies and report an excellent cor-



relation between FCA and RAST, and between FCA
and ELISA values (33).

In some cases, it is necessary to rule out sensitivity
to sueh rubber additives as accelerators and antiox-
idants, especially thiurams, which cause delayed
hypersensitivity (24), but also ethylene oxide (48)
and, rarely, cornstarch powder (61). It must be re-
membered that immediate and delayed hypersensi-
tivity may coexist in the same patient (77, 81). Fi-
nally, when allergic reactions occur during surgery,
allergy to muscle relaxants and other drugs used
during general anesthesia must be considered (9, 10,
82).

Prevention
Primary prevention of sensitization to latex means
avoidance of exposure to latex, which is virtually
impossible, given the large number of latex products
we encounter from childhood. Nevertheless, since
atopy is a risk factor for latex allergy, persons with
a history of allergy who must use rubber products in
their work, for example, operating-room personnel,
might be advised to substitute synthetic rubber al-
ternatives for natural rubber products whenever pos-
sible.

Secondary prevention, the principal therapeutic
approach, consists of avoiding exposure to latex by
sensitized persons, a method which likewise may be
difficult because of the ubiquity of latex products and
their similarity to nonallergenic synthetic rubber
products.

Health professionals who are required to wear
surgical or examination gloves and other latex-
allergic persons who use rubber gloves can avoid
latex in several ways: 1) Wear plastic or cotton un-
dergloves inside latex gloves. 2) Wear gloves made
of synthetic nonlatex polymers, such as styrol-
butadiene polymers (Elastyren®, Danpren), poly vi-
nyl chloride (Ethiparat® vinyl glove, Johnson and
Johnson; Triflex polyvinyl®, Travenol Laborato-
ries), or Neoprene (Neolon®, Becton-Dickinson;
Dermaprene®, Ansell, Inc.), or Tactylon (Tacty-
lon®, Tactyl Technologies). 3) Use liquid "gloves"
made of a foam including stearate, glycol-propylene,
glycerol, and sorbitol (Marlyskin®, Farmitalia-Carlo
Erba); these "gloves" provide protection against
acids, bases, and salts for 4 h. 4) Use gloves coated
on their internal surface with polyurethane (Neutral-
on®, Johnson and Johnson). 5) Wear "hypoaller-
genie" latex gloves (for example, "Low-powdered" ®,
Travenol Laboratories; Ansell Gammex®, Ansell,
Inc.; Baxter Triple-Washed®, Baxter Pharmaseal).
The protective effect of some of these gloves has
been disputed (22, 26), and some are unacceptable
to surgeons (63) beeause nonlatex gloves generally
do not have the same mechanical characteristics as
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latex gloves and therefore do not give surgeons an
accurate touch. In addition, they may not be water-
tight and thus could be permeable to the Herpes
simplex virus (32). In any case, a "use test" should
be carried out by affected persons to determine their
tolerance to a particular brand of glove.

Patients with a history of allergy to latex or to any
of the foods mentioned above; patients with a his-
tory of a serious allergic reaction during a prior sur-
gical, medical, or dental procedure; and patients with
spina bifida and others who have undergone multi-
ple operations must be considered at risk of devel-
oping anaphylaxis during surgery or Caesarean or
normal delivery and following medical examination
with latex gloves. Health professionals should use
nonlatex gloves and equipment when in contact with
these patients.

It has been suggested that preoperative skin test-
ing may help avoid a serious allergic reaction in pa-
tients at risk (47). However, we certainly do not
believe that preoperative skin testing should be done
routinely in all surgical patients.

Given that allergenic proteins are certainly eluted
from latex gloves on contact with the moist skin and
mucous membranes, and by soaking in aqueous so-
lutions, it is not surprising that Morales et al. were
able to diminish this water-soluble allergenic mate-
rial by washing gloves (49). Moreover, Jones et al.
found that triple-washed, powder-free latex gloves
contained several thousand times less allergen than
typical latex surgical gloves (28). Leynadier et al.
showed that inereasing the time of washing latex
gloves during the manufacturing process decreased
the protein content and the allergenicity of the gloves
but not sufficiently to eliminate a potential allergic
reaction (42). Supplemental steam sterilization of
the gloves further decreased their protein content to
undetectable levels and the allergenicity at least sev-
enfold. Investigators at the Malaysian Rubber Pro-
ducers Researeh Association, Hertford, UK, are at-
tempting to find practical ways to reduce the
extraetable protein level of rubber gloves (15). They
report that the "extraetable protein" is on the surface
of latex films and is easily removed by washing:
approximately 90% is removed in the first of a
series of washes in water, and running or stirred
water is more efiective than a static water bath. Ac-
cording to these investigators, modifications in cur-
rent manufacturing processes can provide truly
"hypoallergenic" (a term we find diffieult to define)
latex gloves. It is recognized, however, that there is
as yet no established method for determining the
allergenic potential of rubber goods, or have stan-
dards been established by regulatory agencies. Ac-
cordingly, given the apparently increasing incidence
of allergy to latex, much more work remains to be
done.
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