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Background: Allergen challenges are useful in adjudicating
discordant clinical histories and skin test responses, serologic
test responses, or both, as well as in determining the degree of
allergic reactivity. Latex allergen challenges have been devel-
oped but have limitations that reduce their usefulness.
Objective: We sought to develop a novel hooded exposure
chamber (HEC) system to allow safe, sensitive, and semiquan-
titative evaluation of respiratory latex allergy.

Methods: The HEC system uses an impinger to produce a par-
ticle cloud of cornstarch isolated from powdered latex gloves.
The particles are air driven into a face shield and hood to
simultaneously challenge the subject’s conjunctiva, nose, and
lungs during 3 minutes of normal tidal breathing. A cloud of
respirable latex allergen—associated cornstarch particles
(LAC:s) is consistently produced in the HEC during challenges.
Twenty-three subjects with latex allergy (history and positive
skin test response, positive serologic test response, or both) and
3 atopic control subjects not allergic to latex (history and neg-
ative skin test response, negative serologic test response, or
both) were sequentially exposed to air, control cornstarch, and
then progressive 2-fold increments of LACs in a single-masked
fashion. A positive challenge result was defined as (1) a peak
expiratory flow rate decline of 15% or greater from baseline;
(2) a peak expiratory flow rate decline of 10% or greater and
an increase of either the rhinoconjunctivitis or chest symptom
score scale of 3 or more points from baseline; or (3) an
increase of either the rhinoconjunctivitis or chest symptom
score scale of 6 or more points from baseline.

Results: Twenty-two of the 23 subjects with latex allergy
reached threshold criteria for a positive challenge at LAC
titers of 1:8 or greater, giving a sensitivity of 0.96. Challenge
endpoints were moderately corrected with skin test sensitivity
(ry =—0.55, P = .01) but not with RAST reactivity. None of the
3 control subjects responded to LACs at the 1:8 dilution. No
patient or control subject responded to the air or control
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cornstarch control exposures. All responses were confined to
mild symptoms of allergic rhinoconjunctivitis, asthma, or
both that either resolved spontaneously or were easily
reversed with inhaled albuterol. No subject experienced a sys-
temic or late-phase reaction.

Conclusion: The HEC procedure is a safe, sensitive, and spe-
cific method for masked semiquantitative latex aeroallergen
challenges that mimic occupational latex exposure to pow-
dered latex gloves. (J Allergy Clin Immunol 2001;107:178-84.)

Key words: Latex allergy, aeroallergen challenge, occupational
allergy, occupational asthma

Allergic sensitivity to natural rubber latex has become
a major health hazard for health care workers and
patients with repetitive latex exposures.!-9 Allergenic
proteins from the rubber tree Hevea brasiliensis cause
allergic reactions in sensitized individuals after direct
exposure to the skin or exposure of the conjunctiva and
respiratory tract to airborne latex allergen. Latex allergen
associated—cornstarch particles (LACs) become airborne
when powdered latex gloves are used, with resulting
latex allergen exposure to the conjunctiva, upper airway,
and lower airway.!0:11

The diagnosis of latex allergy begins with a clinical
history linking latex exposure and symptoms of allergy.
A suggestive history is then supported by confirmatory
skin and serologic test responses for latex-specific anti-
bodies.!2-14 When the clinical history and IgE antilatex
test results are discordant, provocation procedures have
been used to adjudicate patients’ true latex sensitivity sta-
tus. Such procedures can also measure the degree of latex
sensitivity if a dose-response relationship can be defined.

A number of procedures have been previously
described to expose individuals safely to airborne latex
allergen. Challenges with latex extracts have been devel-
oped but do not simulate natural exposures.!5.16 A number
of glove use challenges have also been described, but most
have significant limitations, including difficulties with
subject masking, variability of latex glove allergen con-
tent, and inability to quantify latex allergen exposure.!7-26

The purpose of this study was to develop a safe, sensi-
tive, specific, and natural method for latex aeroallergen
challenge that addresses some of the limitations of the
challenge procedures previously reported. The hooded
exposure chamber (HEC) method described here has the
advantages of allowing masking of the subject (and the
investigator if desired) and providing a semiquantitative
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Abbreviations used
CC: Control cornstarch
HEC: Hooded exposure chamber
LAC: Latex allergen—associated cornstarch particle
PEFR: Peak expiratory flow rate
PST: Puncture skin test

estimation of latex allergen sensitivity. In addition, the
HEC challenge mimics occupational exposure to latex
aeroallergen from powdered latex gloves.

METHODS
LAC preparation

The interior of powdered latex examination gloves (Baxter
HealthCare) from a single lot determined by means of aqueous
extraction assay to have a high allergen content were individually
washed out with 15 mL of PBS 3 times. The glove effluent was cen-
trifuged (1000g for 3 minutes), and the supernatant was decanted.
The resulting LAC slurry was then dried by suctioned air through an
8-um milipore filter (Milipore Corporation). This process yielded
about 1 g of LACs for each 25 harvested gloves. Two-fold dilutions
were made from the dried LACs by using control cornstarch (CC)
not associated with latex allergen (Roquette America, Inc) in
advance of the challenge tests. The latex allergen potency of the
glove-derived LACs was standardized between preparations by
using a solid-phase RIA.27 Briefly, LACs were used as the aller-
gosorbent, and increasing amounts of an IgE anti-latex human
serum pool were used to quantify allergen bound to the cornstarch.
Two LAC preparations were used in this study. Both were derived
from a single lot of gloves (Lot D9B219X) manufactured in 1989.

Serologic measurement of latex-specific IgE

The level of latex-specific IgE in the serum of patients and con-
trol subjects was initially determined by using an agarose-based
RAST.27 These results were reported in nanograms per milliliter and
later converted to kilo international units of allergen per milliliter by
using cross-validation. Later, the level of latex-specific IgE in the
serum of patients and control subjects was determined by using the
Pharmacia CAP System and reported in kIUa per milliliter.28

Latex skin tests

Duplicate serial latex puncture skin tests were carried out on the
volar aspect of the arm by using a nonammoniated latex skin test
reagent (Greer Laboratories, under IND 7883) diluted in 50% glyc-
erin-water to concentrations of 1, 10, 100, and 1000 pg/mL. A
bifurcated needle was used to puncture the skin, as previously
described.12 A positive puncture skin test response was defined as a
wheal 2 mm or larger than that produced by the negative control and
erythema of 5 mm or larger than that produced by the negative con-
trol. For the purposes of comparative analysis, the concentration of
nonammoniated latex necessary to produce a wheal 8 mm larger
than that produced by the negative control was interpolated or
extrapolated from a graph of the log concentration versus wheal
size. Histamine (1.8 mg/mL) and glycerinated diluent skin tests
were used as positive and negative controls, respectively.

Subjects

Patients with latex allergy (n = 23) and control subjects not aller-
gic to latex (n = 3) were recruited from the patient populations of
the Johns Hopkins Health System and the University of Maryland
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FIG 1. Schematic of the HEC system. HEPA, High-efficiency partic-
ulate air.

Health System and from posted and circulated advertisements. The
patients and control subjects were men and women between the
ages of 18 and 60 years with either (1) respiratory latex allergy
(clinical history of latex allergy manifested by upper, lower, or both
types of airway symptoms and a positive latex skin response, posi-
tive serologic test response, or both) or (2) no latex allergy (no clin-
ical history of latex allergy and a negative latex skin test response).
Exclusion criteria were as follows: pregnancy; severe skin disease
with compromise of the integument barrier; unstable asthma symp-
toms; peak expiratory flow rate (PEFR) less than 80% of personal
best on the challenge day; symptomatic rhinitis or conjunctivitis at
baseline on the challenge day; history of cardiac arrhythmia or coro-
nary artery disease; requirement for continuous therapy with anti-
histamines, therapy with astemizole or hydroxyzine within 12
weeks of the challenge day, or therapy with any other medication
with antihistaminic properties within 7 days of the challenge day;
change in anti-inflammatory nasal sprays or inhaled medications
within 1 month of the challenge day; or concurrent B-blocker drug
therapy. The study protocol was approved by the Johns Hopkins
Bayview Institutional Review Board. All patients and control sub-
jects gave written informed consent.

HEC system

The HEC system (Fig 1) is comprised of an electric-powered air-
purifying respirator (0.5 cubic feet per minute) with a fitting face
shield and hood (Neotecick Care-flo; Fig 2). A particle cloud is pro-
duced by using an impinger that passes air through 17 g of powdered
CC or LACs and introduces the particles into the airstream distal to
the pump. Separate impingers were used for each CC or LAC dose.
Particle counts are measured by using a laser particle counter (MET
ONE), which was calibrated to measure particles in the respirable
range (1-10 pm in diameter). Contamination of the ambient air in the
test room with LACs is minimized by placing the impinger appara-
tus in an externally ventilated fume hood and by using a high air flow
HEPA filter (Enviro Care, HospiGuard) in the exposure room.

Challenge protocol

Single-masked challenges were conducted with controls of both
air only and CC. The subject is unaware of how many (if any) LACs
are administered. The challenges proceed as a series of consecutive
iterations (Fig 3). The subject breathes through the mouth and nose at
normal tidal volume within the HEC for 3 minutes, followed by 15
minutes of observation. After each 3-minute exposure, the airflow is
turned off, and the hood is removed. The subject is monitored for an
additional 3 minutes and then assessed according to symptom inven-
tory and PEFR. The subject is then monitored for 12 more minutes,
and the assessment is repeated. After this, the subject again dons the
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FIG 2. Photograph of a human subject volunteer installed in the
HEC system.

Data Collection

(symptom scores, PEFR)
v v ¥
Start‘ or \Exposure ‘ | ‘
previous
iteration { 3 min } 3 min . 12 min 1
Time 0 6 18
(min)

FIG 3. Schematic of HEC challenge iterations.

HEC for the next iteration of the challenge. The first iteration uses air
only, with no particles. The second iteration uses CC only, with no
latex allergen. Subsequent iterations use increasingly potent 2-fold
dilutions of LACs starting with a 1:128 or higher dilution (ie, 1 part
LACs and 127 parts CC) and proceeding to a positive endpoint or the
1:8 dilution, which is the maximum practical exposure. All 17 g of
CC or LACs is aerosolized during the 3-minute exposure. The subject
is discharged 30 minutes after the final iteration. All subjects were
asked to report any delayed reactions or symptoms.

Subject response assessment

The subjects’ responses to the exposures were evaluated by mea-
suring PEFRs (Wright Mini-peak Flow Meter) and symptom inven-
tories. Separate symptom score scales for rhinoconjunctivitis and
chest symptoms were adopted from previously successful airway
challenge models.2% There are 5 subscales for rhinoconjunctivitis
(nasal itching, congestion, and running; ocular itching and tearing)
and 4 subscales for chest symptoms (chest tightness, shortness of
breath, cough, and wheezing). Each 6-point subscale is additive
because subjects report different symptoms. Separate indices are
maintained for rhinoconjunctivitis (maximum score, 30) and chest
symptoms (maximum score, 24).

The challenge proceeds until (1) a positive result is observed, (2)
the highest practical LAC dose of 1:8 is achieved, or (3) the physi-
cian or patient decides not to continue because of intensive or
cumulative discomfort. The criteria for a positive challenge are (1)
a PEFR decline of 15% or greater from baseline; (2) a PEFR decline
of 10% or greater from baseline and an increase in either the
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FIG 4. Representative subject results. A, Percentage decline in
PEFR; B, increase in chest symptom score; C, increase in
rhinoconjunctival (RC) symptom score. The dotted lines repre-
sent the threshold criteria for a positive challenge response either
singly (upper lines) or in conjunction (lower lines). This subject
met the criteria for a positive challenge at the 1:256 LAC endpoint
dilution.

rhinoconjunctivitis or chest symptom score scale of 3 or more
points from baseline; or (3) an increase in either the rhinoconjunc-
tivitis or chest symptom score scale of 6 or more points from base-
line. The higher of the 2 scores from the 6- and 18-minute observa-
tion points was used to apply the threshold criteria.
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FIG 5. Frequency distribution of LAC endpoint dilutions for posi-
tive HEC challenge responses (n = 22).

Statistical methods

The Spearman rank correlation coefficients (nonparametric) for
the relationship between the challenge endpoints and the skin and
serologic test results were calculated by using standard methods.30

RESULTS
Particle cloud production

When ambient air alone is present in the impinger,
particle counts remain low (27 + 3 [mean + SEM] parti-
cles of 1-10 um in diameter per milliliter; n = 17). When
CC is present in the impinger, particle counts were high-
er (22,296 + 698 particles of 1-10 um in diameter per
milliliter). The within-iteration coefficient of variation
for serial measurements of a single particle cloud was
2.3% (n = 49). The between-iteration coefficient of vari-
ation for measurements of different particle clouds pro-
duced by identical methods was 7.0% (n = 5). When
LACs were present in the impinger, particle counts were
not different from those observed when CC was used.

Sensitivity

Twenty-three subjects with latex allergy have under-
gone the HEC challenge procedure (Table I). Twenty-two
of these subjects had a positive challenge result. Of the
22 positive results, criteria were achieved at 6 minutes
for 2 subjects and at 18 minutes for 20 subjects. None of
the positive challenges involved criteria 1 alone, 9.1%
met criteria 2 alone, 54.5% met criteria 3 alone, 4.5%
met criteria 1 and 2, 4.5% met criteria 1 and 3, 8.2% met
criteria 2 and 3, and 9.1% met criteria 1, 2, and 3 (see the
“Subject response assessment” section). These results
indicate that the sensitivity of the HEC challenge proce-
dure is 22 of 23 or 0.96. The one subject who did not
respond at the highest LAC concentration (ie, the 1:8
LAC dilution) had a clinical latex allergy history that was
dominated by contact dermatitis rather than conjunctival
and respiratory symptoms. In addition, this subject had
low-level latex sensitivity, as determined by skin test and
serologic assay (Table I). Fig 4 shows the response of a
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FIG 6. Correlation between the HEC endpoint and skin prick test
results in micrograms per milliliter of latex protein for an 8-mm
wheal response (rg =-0.55, P=.01). *Outlier (subject 4, Table I).

representative patient to the air, CC, and LAC challenges.
This subject met the criteria for a positive challenge at an
LAC dilution of 1:256. Initial positive challenge respons-
es by subjects with latex allergy were observed at dilu-
tions ranging from 1:512 to 1:8 (Fig 5).

Specificity

The specificity of the HEC challenge procedure was
addressed in 2 ways. First, all of the subjects with latex
allergy were challenged with air and CC control itera-
tions before LACs were administered. None of the sub-
jects responded to these masked controls. Second, 3
atopic control subjects not allergic to latex have under-
gone CC and LAC challenges in the HEC. Two of these
control subjects had histories of allergic rhinoconjunc-
tivitis alone, and the other had a history of allergic
rhinoconjunctivitis and asthma. None of the control sub-
jects responded to air, CC, or LACs at the maximum
latex exposure of 1:8 LAC dilution.

Correlation between the HEC endpoint and
the skin tests and serologic tests for latex
allergy

There was a significant correlation between the HEC
endpoint and skin test results (v, = -0.55, P = .01; Fig 6)
but not the serologic test results (r, = 0.29, P = .19). Skin
test sensitivity and RAST values were moderately corre-
lated (r, =-0.51, P = .02)

Safety

All positive challenge reactions were confined to mild
symptoms of allergic rhinoconjunctivitus and asthma. All
reactions resolved either spontaneously or after treatment



182 Kurtz et al

J ALLERGY CLIN IMMUNOL
JANUARY 2001

TABLE I. Demographic, skin test, serologic test, and HEC challenge result data on the 23 latex-sensitive subjects

enrolled in the study

Nonlatex Latex skin test  Latex-specific IgE  HEC challenge
Subject Age (y) Sex Occupation atopy result® (ug/mL) (klUa/mL) result
1 36 F Florist 100 17.2% Positive
2 30 F Medical technician Positive’ Not donet Positive
3 42 F Nurse 1000 15.2% Positive
4 26 F Laboratory technician 10 41.2% Positive
5 32 M Laboratory technician RC, AS 155 247 Positive
6 31 F Nurse practitioner AS >1000 0.54 Negative
7 45 F Medical technician RC, AS, FA 100 11.2 Positive
8 41 F Nurse AS 53 58.7 Positive
9 49 F Nursing assistant 350 1.66 Positive
10 27 F Microbiologist RC, AS >1000 1.31 Positive
11 29 F Nursing assistant RC, FA <1 7.12 Positive
12 55 F Nursing assistant 90 4.05 Positive
13 29 F Nurse RC, AS, FA 400 2.17 Positive
14 27 M Laboratory technician RC, AS 100 29.0 Positive
15 50 F Nurse 80 1.35 Positive
16 49 F Medical technician >1000 41.2% Positive
17 57 F Nurse RC 800 0.46 Positive
18 35 F X-ray technician >1000 <0.35! Positive
19 38 F Nursing assistant RC, AS, FA 170 5.17 Positive
20 51 F Nursing assistant RC, FA 100 6.62 Positive
21 32 M Dentist RC, AS, FA 13 4.38 Positive
22 27 M Laboratory technician >1000 <0.33l Positive
23 49 F Nurse 7.5 7.03 Positive
Control 1 50 F Clerical worker RC Negative <0.35! Negative
Control 2 57 F Nurse RC, AS Negative <0.35! Negative
Control 3 52 F Nurse RC Negative <033l Negative

RC, Rhinoconjunctivitis; AS, asthma; FA, food allergy.

*This indicates the interpolated or extrapolated concentration of nonammoniated latex extract inducing a wheal 8 mm greater than that induced by the glycerin-

saline control, as determined by using puncture skin tests.

This subject had a positive latex puncture skin test response at the 1 pg/mL concentration. Serial dilution skin testing was not carried out, and thus this value

could not be ascertained.

#These values are reported in kIUa per milliliter after conversion from nanograms per milliliter.

§This specimen was not collected.
|These subjects had negative serologic test responses for latex-specific IgE.

with albuterol, which was administered by metered-dose
inhaler after 14 of 58 challenge studies in subjects with
latex allergy. The maximum decline in PEFR by any sub-
ject was 33% below baseline. No subject experienced a
systemic allergic reaction or reported a delayed reaction.

DISCUSSION

Definitive diagnosis of latex allergy has been con-
strained by the unavailability of a well-characterized,
Food and Drug Administration—approved, latex skin test
reagent and a 25% false-negative rate for all 3 Food and
Drug Administration—cleared, latex-specific, IgE anti-
body serologic assays.28 A sensitive, reproducible, and
safe provocation test is needed to clarify the latex allergy
status when the results of IgE tests are discordant with
the patient’s history. Reported glove provocation proce-
dures have differed in terms of the type of glove used, the
method of exposing the patient, the time of application,
and the method of scoring reactions.!7-26 Many of the
procedures are difficult to replicate from the vague
descriptions of these methods, and they often involve
donning gloves in a manner that produces a primarily

skin contact exposure. In cases in which aerosolized
allergen is produced, its concentration is highly variable
and uncontrolled. No procedure reported to date provides
a technology for controlled inhalation exposure of
increasing amounts of aerosolized latex allergen to sensi-
tized individuals.

The data reported in this article indicate that the HEC
challenge apparatus reproducibly generates a cloud of
glove-derived LACs in the respirable range. We also
found that the challenge procedure is safe, sensitive, and
specific. The distribution of the endpoint LAC dilutions
indicates that there is at least a 64-fold range in individ-
ual respiratory sensitivity to airborne latex allergen by
this method.

The correlation between the challenge endpoint and
serial-dilution skin test midpoints reported here is con-
sistent with data from other studies. Our previous studies
of a nasal provocation model of ragweed pollinosis found
comparable significant correlations (r, = 0.54) between
early nasal response and skin test titration.3! Also, skin
sensitivity to ragweed allergen has been shown to be
moderately associated with respiratory sensitivity by
bronchial challenge (r; ~ 0.65).32 Thus provocation mod-
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els of respiratory allergy appear to be driven by immuno-
logic sensitivity, suggesting an immunologic mechanism
for the clinical responses described in this article.

Weaker correlations between challenge endpoints and
serologic test results have been previously observed.3!
Serologic tests for latex-specific IgE are known to be less
sensitive than latex skin testing2?; this could be one factor.
Another possibility is that biologic tests may incorporate
a component of releasability, which is the intrinsic cellu-
lar property that translates the IgE-dependent signal into
cellular activation.33 Whatever the explanation, it is clear
from the current results and those of other challenge mod-
els of respiratory allergy that skin test endpoints are bet-
ter than serologic tests in predicting provocation results.

The single outlier subject shown in the skin test versus
challenge endpoint plot (subject 4 in Fig 6) had ongoing
daily exposure to powdered latex gloves, which may
explain her relatively high latex sensitivity shown by skin
and serologic tests. On the other hand, her clinical histo-
ry of latex allergy was largely confined to skin symp-
toms, and she had no history of nonlatex-induced asthma
or allergic rhinitis, which may explain her relatively low
respiratory latex sensitivity determined by using the HEC
method. As such, she did not strictly meet the entry
requirements for the study.

The single subject with latex allergy who did not
respond to LACs (subject 6) had a clinical history domi-
nated by skin symptoms, with only mild respiratory symp-
toms after latex glove use. In addition, this individual had
low-level latex sensitivity, as assessed by skin and serolog-
ic tests. This subject may have responded at a more intense
LAC exposure had this been possible. Whether similar sub-
jects with clinical histories of mild respiratory reactions to
latex allergen and low-level IgE-mediated sensitivity to
latex will have positive HEC challenges remains to be
determined, as a larger number of subjects are evaluated.

The HEC challenge method appears to be safe, sensi-
tive, and specific. It has the advantages of allowing for
masking of the subject (and the investigator if desired)
and provides a semiquantitative measure of latex allergen
sensitivity. It also mimics occupational exposure to pow-
dered latex gloves. In addition, the semiquantitative
nature of the HEC method would allow the serial use of
this test for natural history and intervention studies.

The HEC challenge technique does have limitations.
There is considerable variation in the latex allergen poten-
cy of LACs derived from different glove sources. This can
pose a difficulty with standardization, when it is necessary
to acquire more LACs. In this study all of the LACs were
harvested from a single lot of powdered latex gloves.
Although 2 preparations of this lot were used in this study,
only a single allergen preparation was used for any given
subject. The relative allergen potency of sequential LAC
preparations can be adjusted after comparison with solid-
phase RIA. In addition, the glove-washing procedure may
yield LACs that do not contain the full repertoire of aller-
gens that becomes airborne with the use of powdered latex
gloves. The observation that 22 of 23 subjects with latex
allergy responded to LAC challenges used in this study
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suggests, however, that the LAC allergens are broadly rep-
resentative of those encountered naturally and probably
display adequate amounts of the clinically important latex
antigens. Other practical limitations include labor-inten-
sive acquisition of the LACs, the requirement for special
equipment and laboratory space, and the time required to
reach an endpoint in individual patients (up to 4 hours).
Nevertheless, this technique, once established, becomes a
valuable research tool for semiquantitative assessment of
clinical sensitivity to latex.

We have some limited clinical experience in using the
HEC challenge procedure to adjudicate discordant clini-
cal histories of latex allergy and measures of latex-spe-
cific IgE by skin tests, serologic tests, or both. The HEC
challenge procedure was successfully used to study 2
patients with clinical histories consistent with latex aller-
gy but negative latex skin and serologic test responses.34
In both cases the patient had subjective symptoms of
asthma after exposure to CC but not in response to the
preceding air exposure. One of the subjects had an
accompanying 15% decline in PEFR, whereas the other
had no change in PEFR. Given the specificity of the HEC
challenge procedure, we were able to conclude that the
patients’ symptoms were not mediated by a latex-specif-
ic mechanism.

The HEC challenge procedure may be useful as a
semiquantitative estimate of the clinical sensitivity of
individuals with latex allergy. Studies of the repro-
ducibility of the HEC method are now underway. If HEC
challenges are found to be reproducible, then the method
may be usefully used in studies of the natural history of
latex allergy and in studies of interventions for latex
allergy, such as avoidance or immunotherapy.
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