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ABSTRACT

Allergy to natural rubber latex is an important
clinical condition that occurred after the institution of
universal precautions to protect healthcare workers.
A rapid increase and production of both examination
and surgical gloves resulted in an epidemic of allergy
to latex protein. Healthcare workers in both the
medical and dental environments, as well as specific
groups of individuals including those with spina
bifida, myelodysplasia, and food allergies (banana,
kiwi, avocado, and others), were at increased risk
of sensitization. Clinical symptoms in the latex
allergic individual ranged from type I hypersensitivity
reaction including rhinoconjunctivitis, asthma, and
systemic reaction to type IV hypersensitivity reaction,
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which occur from the chemicals added during the
manufacturing process. Diagnosis of latex allergy
is based on a clinical history that correlates
the development of symptoms in relationship to
exposure. In the United States there are no skin
tests approved by the Food and Drug Administration.
Therefore a combination of clinical judgment
and serologic testing such as ImmunoCAP and
Immulite is helpful. The primary treatment of latex
allergy is avoidance of exposure to the latex
protein. Mt Sinai ] Med 78:759-772, 2011. © 2011
Mount Sinai School of Medicine

Key Words: latex allergy, latex sensitivity, natural
rubber latex.

Allergy to natural rubber latex (NRL) gloves was
identified as a serious health problem in the late
1980s and 1990s. The prevalence of latex allergy has
been highest in certain groups, including healthcare
workers (HCW), rubber industry workers, patients
who have had multiple surgeries, and children
with bladder extrophy or myelodysplasia. Allergy
to NRL results through direct contact of skin,
mucous membranes, and the respiratory tract with
the allergens.

In the United States in recent years, the incidence
of latex allergy has decreased significantly; however,

The prevalence of latex allergy bas
been highest in certain groups,
including bealthcare workers,
rubber industry workers, patients
who bave had multiple surgeries,
and children with bladder
extrophy or myelodysplasia. It is
estimated that > 15 million people
suffer from latex allergy
worldwide. In the United States,
150,000 to 1 million bhealthcare
workers suffer from latex allergy.
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worldwide the problem persists due to continued
use of powdered latex gloves. It is estimated
that >15 million people suffer from latex allergy
worldwide. In the United States, 150,000 to 1 million
HCW suffer from latex allergy.!~3

The reform designed to provide maximum pro-
tection to HCW against blood-borne pathogens has
unknowingly resulted in a debilitating occupational
illness.*

HISTORICAL BACKGROUND

Archeologists have found that latex items were used
as early as 1600 BC. The oldest rubber artifacts are
from the El Manati archeological site in Veracruz,
Mexico. These artifacts consisted of rubber balls of
various diameters documented by radiocarbon dating
to be from 1600 Bc. Additional artifacts from other
sites in Mesoamerica include wooden tool handles
wrapped with rubber, human figurines, and a stone
tool hafted with a rubber band.> In Central America,
many Mayan ceremonial sites contained stone courts
for playing a game with rubber balls, which supports
the widespread ability to process latex into useful
rubber balls. It was not until AD 1900 that surgical
gloves were commonly used.®

MANUFACTURE OF
NATURAL RUBBER LATEX

Ninety-nine percent of all commercial NRL comes
from commercially grown Hevea brasiliensis trees,
grown in a number of tropical countries including
Malaysia, Thailand, and India. Smaller plants
are located in Central and South America. The
guayule bush (Parthenium argentatum) is another
commercial source of latex. Proteins of the guayule
do not appear to cross-react with Hevea brasiliensis.”

The milky-white sap of the commercially grown
rubber tree Hevea brasiliensis is tapped from its
bark and collected in small bowls. The functional
unit of latex rubber is a spherical droplet (CIS-
1, 4-polyisoprene) containing an outer layer of
protein, lipid, and phospholipid that provides
structural integrity. In addition, latex sap contains
carbohydrates and other organic and inorganic
constituents. There are >200 proteins in latex sap,
but only Hev bl through Hev bl4 are known to
be allergenic. Ammonia sometimes combined with
thiurams is added to the collection bowls when
the bark of the tree is tapped. This helps to
prevent coagulation and bacterial contamination of
the sap. This latex concentrate, the starting material
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for NRL products, is mixed with as many as 200
compounding chemicals before being processed into
various products. The latex is then converted into 2
types of raw materials, a liquid latex concentrate or
solid dry rubber.®

The liquid latex concentrate plus compounding
chemicals are processed into catheters, baby paci-
fiers, balloons, dental dams, gloves, or condoms.
Glove-shaped porcelain formers pretreated with a
coagulant are dipped into compounded latex, result-
ing in a deposition of a thin film of latex. Products
are washed to remove excess chemicals and vulcan-
ized at 100°C—120°C. Once vulcanization is complete,
leaching is done again, then the item is dipped in a
slurry tank where cornstarch powder is applied to the
gloves before they are stripped from the former and
packaged.” After being dried and rinsed to reduce
proteins and impurities, the gloves are dry-lubricated
with cornstarch or talc powder. Powder particles
adsorb residual latex proteins. If powder-free gloves
are desired, the final step is a chlorination bath in
lieu of a cornstarch bath!® (Figure 1).

Raw dry rubber is produced differently. Natural
rubber latex is coagulated, creped, crumbled, washed
extensively, then dried at >100°C. It is sold in solid
bales and sheets. It is mixed with various chemicals
as well as black carbon fillers, as is the case with
automotive tires. It is found in footwear, engineer-
ing parts, adhesives, household articles, hoses, and
tubing.

LATEX ALLERGENS

The development of latex allergy is dependent on
sensitization to latex protein. A NRL standard prepa-
ration was assigned an arbitrary content of 100,000
allergen units (AU). In relation to this standard,
the NRL allergen level was considered low at <10
au/mL, moderate at 10—100 AU/mL, and high at >100
au/mL. The range and amount of latex protein aller-
gen content on latex gloves is dependent on brand,
varying from 22 to 12,000 AU/mL of allergen, and
can vary between gloves in the same batch.!! Latex
allergy is due to latex protein and it can result in
a type 1 immunoglobulin E (IgE)-mediated hyper-
sensitivity reaction. The chemicals mixed with the
latex protein such as thiurams, mercapto benzathi-
azoles (MBT), and thiocarbonates are responsible
for the type IV delayed hypersensitivity reaction.
The latex allergen content of gloves is dependent
on washing time during the manufacturing process.
The risk of sensitization is also dependent on the
amount of airborne allergen. Cornstarch powder
increases the risk of sensitization as gloves are
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Fig 1.

donned and removed; latex protein adherent to corn-
starch particles becomes airborne and available for
inhalation.!>13 Respirable latex particles can also be
shed from powder-free gloves.'

Individuals at risk may be sensitized by the
following mechanisms: inhalation of airborne latex,
contact with mucosal surfaces, and/or contact with
the skin when there are open lesions such as cuts or
abrasions. Patients may be exposed during surgery
through either intraperitoneal contact, intravenous
infusion, or nasal tracheal intubation. Individuals
may be sensitized by merely inhaling latex particles
intranasally. There are certain high-risk situations for
development of latex allergy (Table 1).'115719 These
include medical and dental HCW and patients with
repeated surgical procedures.?’

Manual rubber glove manufacturing process. Abbreviations: NH3z, ammonia.

There are currently 14 accepted allergens. Hev
b 1, 2, 3, 4, 5, 6, 6.01, 6.02, 7.01, 13, and 14 have
been identified as the most sensitizing of the Hevea
allergens. Disagreement exists as to the relevant
importance of Hev b 2, Hev b 13 and Hev b
14. Management of latex allergic patients involves
avoidance of all relevant latex allergens.?! =20

Hev b 1, also called the rubber elongation fac-
tor, is a major allergen in 80% of patients with spina
bifida.??” Hev b 2 (b-1,3-gluconase) cross-reacts
with a homologous protein in bell peppers.?*2° This
suggests a connection to the latex food allergy syn-
drome. Hev b 3 is a small rubber particle. It shows
strong IgE binding activity from patients with latex
allergy and spina bifida. Hev b 4 IgE binding occurs
in 65% of HCW and 97% of patients with spina bifida
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Table 1. Groups at Risk for Anaphylaxis to Latex.">=°

Prevalence of Latex

Groups at Risk Sensitization (%)

Spina bifida and congenital 18-73
genitourinary abnormalities

Healthcare workers 3-17
(housekeepers, laboratory
workers, dentists, nurses,
physicians)

Rubber industry workers 11

Atopic individuals (asthma, 6.8
rhinitis, eczema)

Patients who have undergone 6-50

multiple surgical procedures

and latex allergy, but is of minor importance in latex
allergy. Hev b 5 is a major latex allergen in both
HCW and patients with spina bifida. It is also a major
allergen in diagnosis of latex allergy.?’ Hev b 6.01
is prohevein. It has demonstrated reactivity with IgE
from sera of HCW and patients with spina bifida.
Wagner and Breitender have documented the cross-
reactivity of Hev b 6.02 (mature hevein) with fruits
such as avocado and banana.?” Hev b 6.02 has shown
sequenced identity of >50% of class 1 chitinase in
fruits.’® Hev b 6.01 and Hev b 6.02 and Hev b 5 have
been identified as major allergens for adults.”® Hev
b 7 Patatin homologue (Hev b 7.01/7.02) has cross-
reactivity between potato and tomato. Hev b 8 (Hevea
profilin) has cross-reactivity with banana, celery,
birch and grass pollen, pineapple, and bell pepper.?
Hev b 9 (Hevea enolase) is not an important allergen
in HCW and spina bifida patients. Hev b 10 (man-
ganese superoxide dismutase) has a low prevalence
in allergic patients. Hev b 11 (class 1 chitanase) is

Table 2. Hevea brasiliensis Latex Allergens.?
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associated with the latex-fruit syndrome. Hev b 12
(lipid transfer protein) and Hev b 13 (esterase) do not
play an important role (Table 2).2° In a recent article,
Lee stated that Hev b 14 is a major allergen in latex
gloves in Taiwan. It is listed in World Health Orga-
nization and International Union of Immunological
Societies nomenclature as a new latex allergen.?3=2°

EPIDEMIOLOGY

The prevalence of latex allergy depends on the
population studied, ranging from 3% to 064%. In
the general population, the range is between 5%
and 10%. Ownby et al. measured specific latex IgE
antibody in 1000 volunteer blood donors and 996
ambulatory surgical patients. The rate of sensitization
to NRL was 6.5% and 6.7%, respectively, but not
clinically symptomatic.!3!

Approximately 10% to 17% of HCW are
sensitized and >2% have occupational asthma due to
latex.? In 1991, the US Food and Drug Administration
(FDA) recalled latex barium enema tips after 16
deaths occurred in association with their use.’?
Others at risk for latex allergy are individuals who
have cumulatively prolonged exposure to latex.
Patients with spina bifida or urogenital abnormalities
who have undergone repeated surgeries early in life
may have prevalence of latex allergy >60%. This
was noted in children with congenital urogenital
anomalies requiring frequent catheterization and
those who underwent multiple invasive surgeries
involving mucosal contact with latex gloves. An
epidemic of anaphylaxis in 7% of surgical procedures
at Milwaukee Children’s Hospital in the late 1980s

Name Description MW (kD) Crossreactivity

Hev b 1* Rubber elongation factor 58/14.6 Papain, fig

Hev b 2 Beta 1/3 glucanase 34-30 -

Hev b 3* Prenyltransferase 24-27 -

Hev b 4 Microhelix 110/115 -

Hev b 5* Acidic protein 16 Kiwi

Hev b 6.01 Hevein preprotein (prohevein) 20 Avocado, banana, chestnut
Hev b 6.02* Hevein protein (mature hevein) 4.7 Avocado, banana, chestnut
Hev b 6.03 Hevein C-terminal fragment 15.3 Avocado, banana, chestnut
Hevb 7 Patatin homologue (Hev b 7.01/7.02) 43—-46 Potato (patatin-Sol t 1)
Hev b 8 Hevea profilin 14-14.2 Pollens, celery

Hev b 9 Hevea enolase 51 Molds

Hev b 10 Mn superoxide dismutase 22-26 Molds

Hev b 11 Class I chitinase 33 Banana, avocado

Hev b 12 Lipid transfer protein 9.4 Peach and other stone fruit
Hev b 13 Esterase 42 -

Hev b 14 Hevamine 30 -

* “Indicator” proteins useful for assessment of the allergen content of rubber products or as markers of environmental

exposure.
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led to the identification of latex as the cause in this
group of patients. Workers in the latex manufacturing
industry are also at risk; there are reports of significant
sensitization in latex doll manufacturing and a 3.7%
prevalence in the glove industry.>3%3

In the 1980s and 1990s it was not unusual
for HCW to use multiple powder gloves during a
work shift. This was especially true in operating
rooms, intensive care units, and labor and delivery
suites. Healthcare workers would “snap” off their
gloves and aerosolize the protein-laden powder into
the environment. This “deadly dust” would produce
significant symptoms in sensitized individuals and act
as the stimulus to sensitize others 337

Sampathi noted that the most common route
for exposure to latex epitopes in the perioperative
period in children is through mucosal and peritoneal
surfaces from surgeons wearing latex gloves during
intracavity exposure. This route of sensitization
through mucosal surfaces could be responsible
for anaphylactic reactions that occur in women
during gynecological and obstetrical procedures.’®
Obstetrical and gynecological procedures account
for 50% of all reactions caused by NRL. A higher
incidence of latex sensitization has been reported

Obstetrical and gynecological
procedures account for 50% of all
reactions caused by natural
rubber latex.

in pregnant patients. The female population also
has a greater risk of sensitization due to repeated
mucosal-surface exposure during obstetrical and
gynecological procedures.3~4!

The fact that latex proteins are water soluble
means they are easily eluted on mucous membranes,
especially during exposure with multiple surgical pro-
cedures, removal of impactions, contact with mucous
membranes and peritoneal surfaces, and inhalation
of the allergen.?”42% Skin breakdown and abrasion
is another source of exposure and sensitization. In
addition, as already stated, individuals with spina
bifida or urogenital abnormalities requiring multiple
urinary tract catheterizations and multiple surgical
procedures early in life were at increased risk.

The latex burden in gloves can be reduced by
washing and chlorination. Currently, low protein,
powder-free gloves have minimal potential to
sensitize those not yet sensitized to latex. In countries
where avoidance to latex has been promoted,
the incidence of sensitization has decreased to
1%. However, worldwide, powdered latex gloves
continue to be used, especially in underdeveloped

763

countries.* The institution of universal precautions
in 1987 by the US Centers for Disease Control
and Prevention resulted in an increased demand
for NRL gloves. By 1987, universal precautions had

In countries where avoidance
to latex has been promoted, the
incidence of sensitization bas
decreased to 1%.

been codified to include blood, semen, vaginal
secretions, and various bodily fluids (cerebrospinal,
amniotic, pericardial, peritoneal, and synovial).*
The requirement caused latex glove production to
increase from 800 million to 20 billion per year, 447
A commonly held theory about the sudden increase
in latex allergy is that this increased demand resulted
in a decline in the quality of NRL gloves. The
decline in quality is attributed to either established
manufacturers cutting corners or the development
of new companies with lesser manufacturing skills.
It is assumed that this increased the latex protein
content of NRL gloves. It is assumed that the
agricultural techniques used to stimulate younger
trees to produce a higher yield of latex per tree
contributed to an increase in proteins in the NRL.
In addition, the shorter storage times of latex sap
resulted in less denaturing of the latex proteins,
perhaps increasing the antigenicity. The prolonged
storage of latex sap that had been typical in the past
resulted in denaturing of the latex proteins. These
factors, plus less washing during production, were
felt to contribute to the epidemic of latex allergy.’
Swanson noted that aerosol dispersal of airborne
latex clinging to cornstarch powder in gloves
settles on work surfaces and clothing and becomes

Sensitization can occur through
several means of exposure,
including inbalation,
mucous-membrane contact,
peritoneal surfaces, abraded skin,
and intravenous administration
of drugs through latex ports.
a secondary source of exposure.’’ Therefore,
sensitization can occur through several means of
exposure, including inhalation, mucous-membrane
contact, peritoneal surfaces, abraded skin, and
intravenous administration of drugs through latex
ports. During the last 25 years, scientific experimental

and clinical studies have documented the dangers
of cornstarch powder on examination and surgical

DOI:10.1002/MSJ
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Table 3. Cross-Reactive Foods.
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High risk Avocado Banana Chestnut Kiwi

Moderate risk Apple Carrot Celery Melons  Papaya Potato Tomato

Low/undetermined  Apricot Cherry Citrus fruits  Fig Grapes Lychee Mango

risk
Nectarine  Passion fruit Peach Pear Persimmon Pineapple Strawberry
Buckwheat Rye Wheat Coconut Hazelnut ~ Walnut Castor bean
Chickpea  Peanut Soybean Dill Oregano Sage Peppers (cayenne,
sweet, bell)

Shellfish Sunflower seeds

gloves because the cornstarch promotes wound
infection, causes serious peritoneal adhesions and
granulomatous peritonitis, and is a well-documented
vector of the latex allergy epidemic in the world.'347

The prevalence of IgE allergy to latex occurs
with a greater prevalence in individuals who are
atopic and have specific food allergies such as avo-
cado, banana, kiwi, and chestnut. Turjanmaa noted
that 50% of individuals who are allergic to NRL
have food allergies. Other investigators have sug-
gested that the incidence is as high as 50%-80%,
but this depends on how food allergy is defined. If
food allergy is defined by the presence of IgE anti-
body without clinical symptoms, then the percentage
increases. Additional foods that have been impli-
cated in latex-allergic individuals are apple, beet,
buckwheat, wheat, flour, carrot, citrus fruit, fig, grape-
fruit, hazelnut, lettuce, peach, peanut, pear, spinach,
strawberry, sweet pepper, tomato, watermelon, wal-
nut, passion fruit, papaya, and pineapple (Table 3).
These foods contain epitopes found in NRL. An indi-
vidual who is allergic to NRL can have symptoms
ranging from anaphylactic shock to worsening of
asthma, eczema, oral facial swelling, and/or itching
of eyes, ears, nose, and throat upon ingestion.'?

Tarlo et al. reported in a study that by year 2
of clinical practice, 10% of 131 dental students and
practitioners had positive skin prick test to NRL.
Positive responses were seen from the second year
of their clinical practice.®® Additional reports have
showed that sensitization could be prevented in den-
tal students by the use of low-protein, powder-free
gloves.

NONALLERGIC AND
ALLERGIC CLINICAL MANIFESTATION

There are 4 possible types of reactions to NRL
gloves: (1) irritant contact dermatitis, (2) allergic con-
tact urticaria, (3) allergic contact dermatitis, and
(4) anaphylaxis. The clinical manifestations of latex
allergy are dependent on the route of exposure.
The underlying mechanism is either non-IgE or

DOI:10.1002/MS]

Table 4. Types of Glove-Associated Reactions.***8

Irritation Irritant Contact Dermatitis

Type IV hyper- Delayed-type hypersensitivity;

sensitivity allergic contact dermatitis
Type I hyper- Immediate type hypersensitivity,
sensitivity occupational rhinitis, urticaria,

occupational asthma, anaphylaxis

IgE-mediated. Trritant dermatitis is the most com-
mon form of nonallergic non-IgE—mediated dermati-
tis. The least common but potentially most serious
reactions are due to type 1 IgE hypersensitivity.
Examples range from contact urticaria, rhinoconjunc-
tivitis, asthma, angioedema, and pharyngeal edema
to a systemic reaction such as anaphylaxis (Table 4).

Irritant Contact Dermatitis

Irritant contact dermatitis is a non-IgE—mediated
eczematous reaction caused by heat and friction
under gloves. This is not an allergic reaction; it is
due to direct injury of the epidermal cells or by
destruction or removal of the protective intracellu-
lar lipids within minutes to hours after putting on
gloves. The severity of the reaction depends on the
duration of exposure, degree of skin occlusion, and
skin temperature. The irritant effects are the result of
repeated hand-washing, use of detergents and sanitiz-
ers that are improperly rinsed off, or the application
of cornstarch-powder gloves. Gloves enhance the
effect by providing a warm, moist, occlusive environ-
ment allowing penetration of irritants. The cornstarch
powder acts as an abrasive. The first symptoms are
generally erythema, edema associated with pruritus,
or burning occurring within minutes to hours. If
exposure persists, then the skin becomes dry, thick-
ened, cracked, fissured, and crusted with plaques and
papules. Symptoms do not occur beyond the gloved
area. The use of cotton-liner gloves may be helpful
to prevent the problem.

Both synthetic and latex gloves can cause
irritation due to chemicals, poor leaching, excessive
use of biocides, or insufficient processing.”’
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Allergic Contact Urticaria

Approximately 60%-80% of HCW who are sensitized
to latex report contact urticaria of the hands. It is the
most common early manifestation of latex allergy.
Symptoms occur within 10 to 15 minutes after gloves
are donned. This type 1 IgE-mediated reaction caused
by NRL is frequently misdiagnosed as an irritant from
hand-washing or glove powder. Sites remote to the
hand that have been touched by the latex protein
can also develop urticaria.®® This can predate more
profound allergic reaction.

Rhinitis, Conjunctivitis, and Asthma

Rhinitis, conjunctivitis, and asthma can occur in
latex-sensitive individuals secondary to inhalation of
cornstarch particles laden with latex being dispersed
when gloves are put on and removed. Symptoms
such as sneezing, ocular tearing and itching, and
nasal congestion and rhinitis can occur, but are
frequently confused with seasonal pollen allergies. It
becomes critical to recognize the relationship of these
symptoms to latex aero allergen exposure. Asthma
can occur as an isolated entity in relation to latex
exposure in individuals not previously diagnosed
with asthma.!” These individuals will have respiratory
symptoms such as chest tightness, wheeze, shortness
of breath, dyspnea, and cough.

Occupationally exposed individuals who have
latex-induced asthma need to be removed from the
work environment unless exposure can be eliminated
or sufficiently decreased. The resultant exposure may
result in permanent airway damage similar to other
occupational exposures.”!=>3

Allergic Contact Dermatitis—
Type IV Allergy

Contact dermatitis, a type IV delayed hypersensi-
tivity reaction, occurs after wearing latex gloves.
The reaction is typically a response to the chemi-
cals that are added during the manufacturing process
and not to the NRL. The responsible allergens are
thiurams, carbamates, MBT, and phenylendiamine. It
is a T-cell-mediated reaction due to wearing rub-
ber gloves, or handling sports equipment, shoes,
or medical devices. The rash appears 24—48 hours
after contact with the offending allergen. Repeated
contact with the same allergen results in an itchy
rash that usually starts with vesicles on the top of
the hand and is eczematous. If exposure contin-
ues, the skin becomes dry, crusted, and lichenified.
Resultant breaks in the skin barrier increase the risk of
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sensitization to NRL. Skin lesions can extend beyond
the gloved hand.”

Anaphylaxis

The most serious type 1 IgE hypersensitivity
reaction to NRL is anaphylaxis. It can occur in
both medical and nonmedical settings after the
use of latex-based products. These events can
occur intraoperatively during surgery, childbirth,
gynecological and obstetrical procedures, and dental
or other medical procedures. It therefore is important
to identify the group of patients who are at risk; due
to the life-threatening nature of this reaction, it must
be immediately recognized.”

Additionally, anaphylaxis can occur from contact
with toy balloons, condoms, diaphragms, rubber-
handled squash racquets, pacifiers, bottle nipples,
adhesives for hair extensions, and padding in
children’s play pits. Symptoms may include airway
obstruction, cardiovascular collapse, hypotension, or
generalized angioedema. A balloon touching the lips
and/or tongue of a latex-allergic individual can result
in swelling of the lip and/or tongue.3®

DIAGNOSIS

The diagnosis of latex allergy is challenging. The
most important aspect, as in other allergic conditions,
is the clinical history. It is important to look for
supporting associations between latex exposure and
the development of symptoms. Swelling of the lip
and/or tongue after a child has been playing with a
toy latex balloon is frequently an early warning sign
of latex allergy.’®

Latex sensitization has been reported more
frequently in women. This may be due to more
frequent exposure to NRL during working time
and through greater mucosal contact with latex
barrier contraceptives. Women are at a higher risk
for latex allergy due to multiple gynecological and
obstetrical procedures, most likely due to extensive
contact of latex gloves with highly absorptive
mucous membranes.®~#  Lieberman reports that
latex accounts for 50% of the allergic reactions
during obstetrical procedures, 20% during abdominal
operations, and 10% during orthopedic procedures.>

In obtaining a history, it is important to obtain
a patient’s individual history of atopy, including evi-
dence of seasonal allergic rhinitis, eczema, asthma,
and food allergy (banana, kiwi, avocado, and chest-
nut). A correlation between cross-reacting foods,
fruits, and vegetables is frequently seen. In addition,
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history of multiple surgeries and occupational expo-
sures has to be explored. The frequency, the nature,
the magnitude, and the duration of the patient’s occu-
pational exposure to NRL must be identified, as well
as the symptoms that occur. A questionnaire can help
facilitate the interview. The questionnaire from the
American Latex Allergy Association is quite helpful
(Figure 2). Once the clinical history is completed, the
next step is to confirm IgE sensitivity to latex. This
can be done serologically or by skin test. Bencard
(Ontario, Canada) produces a commercially available
extract with 93% sensitivity.3?

It is important in clinical history-taking to
assess the patient’s individual atopic history including
evidence of seasonal allergic rhinitis, asthma, eczema
and food allergy. Secondly, it is important to
get information about the patient’s occupational
exposure to help identify repetitive use of rubber
products. In addition the magnitude and nature of
the exposure should be queried. The relationship to
exposure and the type symptoms that occur help
distinguish between individuals with type 1 and type
IV reactions. In addition, multiple surgeries (ie, >5)
with general anesthesia are all aids in determining a
positive latex allergy history.3">*

Skin testing is the most sensitive means of
detecting IgE-mediated reactions. In Europe and
Canada where commercial extracts are available, this
is the procedure of choice. Skin prick tests are widely
performed in Europe and Canada.?> The skin test
procedures are performed with a lancet pricking the
skin through a drop of latex extracts at sequential
concentrations of 0.001-1 mg/mL of protein. The
results are read after 15 minutes and are compared
with a negative saline control and histamine.

In the United States there are no commercially
available, FDA-approved skin test reagents for
latex.>”>® This has forced many allergists to create
a homemade extract from examination gloves
soaked in diluent. This results in an unstable,
uncharacterized product of variable potency. The
lack of characterization of the hevea allergen in such
products has resulted in false-negative results due to
low allergen content or systemic reaction due to high
levels of hevea allergen.359-61

Provocation testing has been used by inves-
tigators. Specific nasal provocation and inhalation
challenge tests are reliable but only available at a
few research centers.? This involves inhalation of
the latex laden powder in a controlled environment.
These are not suitable for routine clinical use and
should stay in research settings. Provocation testing
should be discouraged due to the risk of false-
negative and anaphylactic response due to variability
latex protein content from glove to glove.

DOI:10.1002/MS]
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7=
American Latex Allergy Association

Risk Factor Assessment: Circle Y or N

Exposure History

Are you a health care worker?

Do you wear latex gloves regularly or are you otherwise
exposed to latex regularly?

Do you have a history of eczema or other rashes on your hands?
Do you have a medical history of frequent surgeries or invasive
medical procedures?

Did these take place when you were an infant?

Do you have a history of "hay fever" or other common allergies?
Do your fellow workers wear latex gloves regularly?

Do you take a beta-blocker medication?

<< << < < < =<
zzzz z 2z 2z =2

Circle any foods below that cause hives, itching of the lips or throat, or more
severe symptoms when you eat or handle them

avocado apple pear celery carrot hazelnut

Kiwi papaya pineapple peach cherry plum

apricot banana melon chestnut nectarine grape

4 passion

fig fruit tomatoes potatoes

Contact Dermatitis Assessment: (for patients who wear latex gloves

frequently)

Do you have rash, itching, cracking, chapping, scaling, or

weeping of the skin from latex glove use?

Have these symptoms recently changed or worsened? Y

Have you used different brands of latex gloves? Y

If so, have your symptoms persisted: Y

Have you used non-latex gloves? Y
Y.
Y

=<
2

If so, have you had the same or similar symptoms as with latex
gloves?
Do these symptoms persist when you stop wearing all gloves?

2 Z2 2222

Contact Urticaria (Hives) Assessment: (for patients who wear latex gloves
frequently)

When you wear or are around others wearing latex gloves do
you get hives, red itchy swollen hands within 30 minutes or,

: o Y N
"water blisters" on you hands within a day?
Aerosol Reaction Assessment:
When you wear or are around others wearing latex gloves, have you noted any

Itchy, red eyes, fits of sneezing, runny or stuffy nose, itching of

the nose or palate: Y N
Shortness of breath, wheezing, chest tightness or difficulty Y N
breathing?

Other acute reactions, including generalized or severe swelling

or shock Y N

History of Reactions Suggestive of Latex Allergy:

Do you have a history of anaphylaxis or of intra-operative shock? Y N
Have you had itching, swelling or other symptoms following

dental, rectal or pelvic exams? ¥ N
Have you experienced swelling or difficulty breathing after Y N
blowing up a balloon?

Do condoms, diaphragms or latex sexual aids cause itching or Y N
swelling?

Do rubber handles, rubber bands or elastic bands or clothing Y N

cause any discomfort?

Fig 2. American Latex Allergy Association Risk Factor
Assessment.
The wuse test is another method to be

discouraged. It involves placing a single digit in
a glove finger for 20 minutes and observing the
patient for development of pruritus, erythema, hives,
or allergic symptoms.>”%3 If no reaction occurs, then
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a moistened hand is placed in an examination glove.
A control vinyl glove may be placed on the opposing
hand. Some investigators prick 3 sites on the glove
and observe for a response in 20 minutes. The
variation in latex protein can be considerable from
glove to glove in the same batch.*” These procedures
are extremely hazardous and should be discouraged
due to risk of systemic reactions.®t

Greer Laboratories has been doing research
to develop an FDA-approved extract, but none is
available to date. The problem revolves around the
variety epitopes for latex allergy.?>% Tom Grier, PhD,
medical affairs officer at Greer Laboratories (Lenoir,
NO), stated that the complexity of the clinical trials
and variety of patients with latex allergy led to a
discontinuation of the trials and product development
of latex skin test materials by Greer (T. Grier, personal
communication, June 29, 2011).

In the United States, physicians must rely on
clinical judgment, history, and serological testing in

In the United States, physicians
must rely on clinical judgment,
history, and serological testing in
symptomatic patients as the
method of choice in diagnosing
latex allergy.

symptomatic patients as the method of choice in
diagnosing latex allergy. Standard patch testing is
done to determine contact allergens in those who
have contact dermatitis.

In vitro testing is designed to measure IgE
antibody in serum. It is a preferred alternative to
skin prick testing when commercial extracts are
not available. Two serologic methods are currently
widely used throughout the world: ImmunoCAP
(Phadia) and the Immulite autoanalyzer (Siemens).
Human test serum is incubated with Hevea
latex allergen containing reagent. The results are
interpolated from a total IgE calibration curve in
kUa/L. ImmunoCAP and Immulite assay have a
diagnostic sensitivity and specificity of approximately
80% and >95%, respectively, when compared with
skin puncture. A negative blood test does not rule out
latex allergy. At this time, a chip-based microarray
containing 8 Hev b allergens is being developed.
It has been shown to more clearly define the
specificity of IgE anti-latex with no loss of diagnostic
sensitivity.”” Results from one study suggest that
this can distinguish between patients with clinical
sensitization and allergy.®® A commercial test is under
investigation.
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In the United States, the diagnostic testing
procedure of choice is ImmunoCAP or the Immulite.
In other parts of the world, where characterized skin
test reagents are available, skin test can be performed
first. If the skin test data is inconsistent with the
history, then one of the IgE antibody serology tests
can be done.

PREVENTION AND MANAGEMENT

The primary means to prevent latex allergy is to
avoid latex products from birth.>® Once latex allergy
develops, avoidance of latex products becomes
essential. For patients who are allergic to the chemical
additives and have developed contact dermatitis,
avoidance of specific chemicals is important. Patients
need to be patch-tested to determine which chemicals
are causing the contact dermatitis and alternative
products should be utilized that are free of these
specific chemicals.

Patients with a history of systemic reaction to
latex should wear a medical alert bracelet and
carry an EpiPen (Dey Pharma) at all times for the
treatment of anaphylaxis. In addition, they should
carry nonlatex gloves to be used in settings where
providers may not have them readily available.
Ongoing exposure to latex by allergic individuals
puts them at risk for increasing sensitivity and severity
of allergic reactions.

In hospitals and medical or dental office
settings, clear guidelines should be in place to
manage the latex-allergic individuals. Latex-safe
areas should be provided and are defined as
those containing nonlatex materials. These include
gloves, catheters, intravenous equipment, surgical
tape, tourniquets, ventilation, airway equipment, and
medication without latex stoppers. On hospital floors
and in medical and dental offices, emergency carts
should be available that have latex-free material.”

It is difficult to make operating rooms totally
latex free due to the fact that equipment may contain
components made from latex. Ideally, patients in an
environment where latex and or powder latex gloves
are still used should be scheduled as the first case of
the day in a room that has been carefully cleaned.
Hospitalized patient rooms, beds, charts, and arm
bracelets should be identified as latex allergic to
avoid possible exposure.®

The primary source of sensitization in the
medical and dental environment are the NRL
examination and surgical gloves, both sterile and
nonsterile. The powdered version is the worst
offender. Avoidance of this material is the best means
of prevention.37:%

DOI:10.1002/MSJ



Latex-allergic HCW should be provided with a
latex-safe environment established by institutional
guidelines that dictate a policy of latex glove use.
It is not enough to provide allergic HCW with
NRL-free gloves; coworkers must also be provided
with alternative gloves. Environmental contamination
with NRL continues to occur when HCW who are
not allergic use their “special gloves,” putting the
allergic individual at risk for both further sensitization
and systemic reactions. In some cases, low-protein
powder-free gloves may be used, but this does
not guarantee a negative risk of reaction for the
allergic HCW. According to Jean Bousquet in a recent
meta-analysis, further studies are needed to evaluate
whether low-powdered NRL is the preferred glove to
use to prevent sensitization in HCWs.”°

Latex-allergic individuals need to be aware of the
fact that there are >40,000 products that contain NRL.
Hevea latex products used in the healthcare setting

Latex-allergic individuals need to
be aware of the fact that there are
>40,000 products that contain
natural rubber latex. Hevea latex
products used in the bealthcare
setting must be labeled as
containing natural rubber latex
with a black-box warning,
according to the Food and Drug
Administration. Such stringent
labeling is not required on
consumer products, and
unwitting consumers may be
inadvertently exposed to latex and
have an adverse event

must be labeled as containing NRL with a black-
box warning, according to the FDA. Such stringent
labeling is not required on consumer products, and
unwitting consumers may be inadvertently exposed
to latex and have an adverse event (Tables 5 and
6). In environments where there is absolutely no
risk of body-fluid contamination, NRL use should
be discouraged. Food handlers, florists, beauticians,
and toll-takers do not need to use NRL. They
risk sensitizing themselves and accidentally exposing
the latex-allergic individual. Food preparers can
transfer latex protein to food that is handled and
then potentially ingested by a latex-allergic patient
(Table 7).

DOI:10.1002/MS]

S. M. GAWCHIK: LATEX ALLERGY

Table 5. Natural Rubber Latex Products Found in a

Medical Setting.*

Gloves (examination, surgical,

household)
Stethoscopes
Intravenous tubing ports,
syringe plungers
Goggles
Wound drains and tubes
Dental dams
Handgrips
Shoe soles
Face masks
Mattresses on stretchers
Bulb syringes

Tourniquets, blood
pressure cufts

Catheters

Electrode pads

Respirators
Multidose vial tops
Tires

Carpet

Elastic in clothing
Adhesive tape
Ambu bags

PCA syringes

*From American Latex

latexallergyresources.org).

Allergy Association  (http://

Table 6. Natural Rubber Latex Products Found in the

Home.*

Bandages Baby-bottle nipples
Balloons Carpet backing
Condoms Diaphragms

Douche bulbs

Erasers

Hot-water bottles

Pacifiers, teethers

Rubber hand grips on
racquets, bicycles,
garden tools

Rubber clothing
(raincoats)

Rubber toys

Sports equipment

Computer mouse pads

Elastic in clothing and
disposable diapers

Eye-dropper bulbs

Rubber balls

Adhesives for hair extensions

Rubber bands, dental coffer
dames

Rubber gloves

Shoes

Sanitary and incontinence
pads

Buttons on electronic
equipment

*From American Latex Allergy Association (http://
latexallergyresources.org).

The use of pharmacotherapy to treat ana-
phylaxis, allergic contact dermatitis, and aller-
gic rhinoconjunctivitis is helpful. In latex-allergic
patients, pretreatment before exposure to latex has
not been proven to be effective as it is in patients with

In latex allergic patients,
pretreatment before exposure to
latex has not been proven to be
effective as it is in patients with
radiographic contrast media
allergy.

radiographic contrast media allergy.’® Immunother-
apy had been attempted using both oral and sub-
cutaneous methods, with variable efficacy. At this
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Table 7. Occupations in Which Latex Gloves Are

Commonly Used.

Healthcare workers

Food handlers/restaurant workers

Domestic workers

Hairdressers

Security personnel

Construction workers

Greenhouse workers/gardeners

Florists

Funeral home workers

First responders (police officers, firefighters, ambulance
attendants)

Rubber plantation workers

time there are no viable options; however, novel
approaches to immunotherapy are under investiga-
tion and still in the experimental stages.”! =73

Patient education is critical. Patients must be
aware of where NRL products may be found. They
need to wear a medical alert bracelet that identifies
them as being latex allergic. The latex-allergic indi-
vidual should notify all HCW and dentists of their
latex allergy. This information needs to be identi-
fied when surgery or any medical procedures are
to be done so that they can be provided with a
latex-safe environment. Nonlatex gloves should be
carried by these individuals so they are prepared if a
situation arises where the gloves are needed and not
available. Educational materials for the latex-allergic
individual can be obtained from the American Latex
Allergy Association (http://latexallergyresources.org),
American College of Allergy, Asthma and Immunol-
ogy (http://www.acaai.org), and the American
Academy of Allergy, Asthma and Immunology
(http://www.aaaai.org).

A variety of synthetic elastomers are available
for use in the healthcare setting. These include butyl
rubber, petroleum-based products with no allergenic
protein polymers of 2-chlorobutidene (neoprene),
and copolymers of butadiene and acylonitrile.”?

In medical settings, the predominant nonsterile
nonlatex examination gloves are nitril, neoprene,
vinyl, or synthetic polyisoprene rubber. The ability to
provide barrier protection and to be sterilized varies
between products.

The future appears promising in that manufac-
turers are attempting to develop a latex-safe glove
with appropriate barrier protection. One such glove,
Vylex, an enhanced latex material with ultralow lev-
els of antigenic protein, could eliminate the risk of
developing allergies. This product is still under inves-
tigation in order to confirm the safety of this glove
in individuals who are latex allergic. Yolex, another
nonhevea product, made from the guayule plant, is
considered safe in the latex allergic patient.””%7>
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CONCLUSION

It has been my personal observation that, despite
the widespread nature of latex allergy, there is still
a paucity of knowledge among medical students,
residents, and physicians. Despite the decrease
in incidence, latex allergy has not gone away.
Patients who are latex allergic are still unwittingly
being exposed accidentally by HCW, food handlers,
housekeepers, beauticians, and toll-takers who
continue to use latex gloves inappropriately.

In conclusion, latex allergy continues to be
a problem worldwide. Identification of patients
through clinical history and appropriate diagnostic
testing is critical to prevent further sensitization.
Patient safety is primary. Patients must be educated
about avoidance of latex and treatment of allergic
reactions, and those at serious risk must carry
self-injectable epinephrine pens. Ongoing research
may provide us with safe alternative gloves and
perhaps immunotherapy to be utilized on sensitized
patients. Appropriate use of nonlatex examination
and surgical gloves is critical to prevent new
sensitization that can trigger the classic symptoms of
latex allergy, which are rhinoconjunctivitis, sneezing,
ocular itching, wheezing, occupational asthma, and
anaphylaxis.

In countries that have switched to powder-free,
low-allergen latex gloves, a decrease in latex allergy
has been noted.”®’”7 To date, approximately 90%
powder-free gloves are used in Germany, with a
50% decline in latex allergies noted within a period
of 2 years. In France a similar situation occurred
with withdrawal of latex gloves from a hospital
in Montpellier. Allergy symptoms and sensitization
were reduced. Similar reports have come from
Scandinavia, Canada, and the United States, where
certain hospitals have achieved removal of latex
powdered gloves.

Realizing the dangers of cornstarch on exami-
nation and surgical gloves, Germany’s regulations of
personal protective equipment banned the use of sur-
gical glove powder cornstarch in 1997. In 2000, the
purchasing supply agency for the United Kingdom
ceased to purchase any gloves lubricated with corn-
starch. Realizing the dangers of cornstarch on medical
gloves, many hospitals and clinics in the United
States have banned the use of cornstarch powdered
examination and surgical gloves. Hospitals that have
banned cornstarch on their examination and surgical
gloves have noted a marked reduction in the latex
allergy epidemic in their facility. Edlich and 11 coau-
thors submitted a Citizen’s Petition to the FDA to ban
cornstarch on medical gloves on September 24, 2008.
From February 5 through April 25, 2011, the FDA had

DOI:10.1002/MSJ
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a site on the Federal Register to assess the dangers of
cornstarch powder on medical gloves. An FDA com-
mittee is now meeting to make a final decision on
banning cornstarch on medical gloves in the United

States.
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