
tinued even after 6 weeks of omeprazole therapy. Subsequently, the
patient underwent esophagogastroduodenoscopy, which revealed
mid esophagitis with narrowing compatible with EE, confirmed by
5 biopsies (23 eosinophils per high-power field, on average), and an
allergy evaluation was performed in our allergy unit, confirming HE
allergy (skin prick test positive for HE, 6 � 2 mm; atopy patch test,
negative; Gal d 1 with ImmunoCap, 1.92 kUA/L; Gal d 2, 0.41
kUA/L).

After adhering to an egg-free diet and 3 months of oral steroid
therapy (methylprednisolone, 1.5 mg/kg daily) (Figure 1), a clear
clinical improvement was observed; therefore, egg avoidance was
continued for 1 year during which no EE symptoms occurred.

Follow-up esophagogastroduodenoscopy was performed 1 year
later, which revealed complete resolution of endoscopic features and
histologic improvement (3 eosinophils per high-power field at the
biopsy specimen).

Our clinic case findings are as follows: (1) more complex or mixed
allergic mechanisms characterize EE; therefore, non–IgE-mediated al-
lergies also need to be assessed; (2) given the correlation between food
allergy and EE in pediatric patients, an elimination diet is confirmed to
be a valuable therapeutic tool for reducing symptoms; in adults, how-
ever, this approach is mostly ineffective; (3) SOTI seems to alter the
natural food allergy history by increasing the threshold dose, eliciting
anaphylaxis and inducing, as a result of continuous exposure to the
causative food, the development of EE; (4) when starting SOTI in
patients with a history of food allergy, which requires, if tolerated,
regular assumption of the specific food, monitoring not only the adverse
effects but also the possible development of other allergic disorders,
such as EE, is recommended.
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COMPARISON OF DOUBLING AND QUADRUPLING
METHACHOLINE CONCENTRATION REGIMENS
USING THE TIDAL VOLUME METHOD
The methacholine challenge is commonly used to measure airway
responsiveness. Two doubling concentration methods have been
outlined by the American Thoracic Society: the tidal breathing
method and the dosimeter method.1 Quadrupling concentrations are
an option with the dosimeter method as a time-saving measure.1 We
reasoned that the tidal volume method could also be performed with
quadrupling concentrations and performed a study to compare dou-
bling and quadrupling concentrations.

Fifteen nonpregnant, nonlactating adults with asthma but no
allergic or infectious exacerbations within more than 4 weeks
were recruited to perform 2 methacholine challenges in random
order at the same time of day within 1 week, one with doubling
and one with quadrupling concentrations of methacholine. The
study was approved by the University of Saskatchewan Ethics
Committee, and signed informed consent was obtained. Repeat-
ability (2-8 weeks) data from our laboratory in 95 patients,
similar to published data,2 reveal that 7 study patients gives a
more than 90% power to detect a half-concentration difference in
provocation concentration that caused a decrease in forced expi-
ratory volume in 1 second (FEV1) of 20% (PC20); this is the
minimum clinically significant difference. Long-acting (n � 2)
and short-acting (n � 5) �-agonists were withheld for 48 and 8
hours, respectively; no patients were using inhaled corticoste-
roids or other controllers. The FEV1 was more than 70% pre-
dicted. Caffeine was avoided the day of the study.

The doubling concentration methacholine challenge was per-
formed as outlined.1 Methacholine was delivered with a Bennett
Twin jet nebulizer (Puritan Bennett Corporation, Carlsbad, Califor-
nia) calibrated to deliver 0.13 mL/min. Study participants wore a
nose clip and inhaled the aerosol via a face mask. The FEV1 was
measured in triplicate initially and was repeated 30 and 90 seconds
after inhalation. Doubling concentrations of methacholine were then
inhaled for 2 minutes at 5-minute intervals (between commencement
of inhalations) and the FEV1 measured at the same times. Available
methacholine concentrations varied from 0.06 to 64 mg/mL. The
percentage decrease in FEV1 was calculated from the lowest post-
saline FEV1 to the lowest postmethacholine FEV1.3 The test was
stopped when FEV1 had decreased by 17% or more.4 The PC20 was
interpolated5 or extrapolated6 from the log concentration vs response
curve using algebraic formulas.5,6 Postmethacholine breathlessness
was assessed using the Modified Borg Dyspnea Scale.7 The quadru-
pling concentration challenge was performed using the following
concentrations: 0.06, 0.25, 1, 4, 16, and 64 mg/mL. The starting
concentration, which depended on the patient’s known responsive-
ness, was identical for the doubling method. The quadrupling chal-
lenge was stopped at an FEV1 decrease of 15% or more to reduce the
risk of severe bronchoconstriction with a 4-fold dose increase. The
PC20 values were log transformed, and data were analyzed with the
paired t test with a computerized program (STATISTIX for Win-
dows; Analytical Software, Tallahassee, Florida).

The 15 patients were a mean of 33.9 years old and 68.9 in tall, and
their mean FEV1 was 91.9% predicted. Five patients were female.
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Two patients who were tested outside their pollen season had a
dose-response plateau and were not analyzed, whereas the remaining
13 were included.

The PC20 data are shown in Figure 1. There was a nonsignificant
(P � .10) trend for the PC20 to be higher with quadrupling step-ups.
Two patients had a PC20 with the quadrupling regimen that was
twice that of the doubling regimen. One of these 2 patients had a
negative test result only with the quadrupling method. There was a
statistically significant larger reduction of FEV1 (30% vs 22%, P �
.02) and significantly more dyspnea (Borg score of 3.7 vs 2.6, P �
.04) with the quadrupling regimen compared with the doubling
regimen. Three patients in the quadrupling regimen and no patients
in the doubling regimen had severe dyspnea (Borg score of �5). By
omitting concentrations as in the quadrupling regimen, we saved on
average less than 1 methacholine concentration and less than 2
minutes per methacholine challenge.

These data indicate that the tidal breathing method can be used
safely (with the caveat to stop at a �15% FEV1 decrease) with
quadrupling concentration step-ups, producing clinically equiva-
lent results. The quadrupling method resulted in small time
savings, modestly greater bronchoconstriction, and slightly
greater discomfort.

The trend to higher quadrupling PC20 values was expected
because of less cumulative effect than that seen with the doubling
concentrations.7 Possible changes in the methacholine distribu-

Figure 1. Concentration of methacholine causing a 20% decrease in forced
methacholine protocols.
tion within the airways may also contribute to differences. We
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have validated that stopping methacholine inhalations at a 17% or
greater decrease produces the same result for extrapolated PC20

and avoids a 35% to 40% FEV1 decrease.4,6 We extended this to
15% for the quadrupling concentrations because for safety and
comfort we did not wish to quadruple (or more) the FEV1

decrease to the range of 60% to 80%. Nevertheless, we saw lower
FEV1 values resulting in increased dyspnea because of overshoot-
ing the 20% FEV1 decrease. These results lead us to conclude
that, although the tidal breathing method can be used with qua-
drupling concentration step-ups, the small time saving does not
favor the use of quadrupling methacholine concentrations. Other
measures that can be used to shorten the duration of the metha-
choline challenge include the appropriate choice of a starting
concentration and the omission of occasional concentrations
when there has been a less than 5% decrease in FEV1 from the
previous concentration.8
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BACTERIOSTATIC AGENTS AND STERILITY
REQUIREMENTS FOR ALLERGEN
IMMUNOTHERAPY
Phenol and glycerin are common bacteriostatic preservatives added
to allergen extracts. United States Pharmacopeia guidelines, Immu-
notherapy 2007 Practice Parameters, and the American Academy
of Allergy Asthma & Immunology/American College of Allergy,
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Figure 1. Phenol and glycerin concentrations in 50 of the expired patient
recommendations of the use of at least 0.25% phenol, or if the phenol conc

least 20%.
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Asthma and Immunology/Joint Council of Allergy, Asthma and
Immunology (JCAAI) guidelines do not specify recommended con-
centrations of phenol or glycerin.1–3 The Joint Council of Allergy,
Asthma and Immunology and the American Academy of Otolaryn-
gic Allergy (AAOA) have recommended that “allergen extract di-
lutions must be bacteriostatic, meaning they must contain phenol
concentrations of at least 0.25%, or if phenol concentration is less
than 0.25%, the extract must have a glycerin concentration of at least
20%.”4 To our knowledge, no published studies support the use of
phenol concentrations of at least 0.25%, or if less than that, glycerin
concentrations of at least 20%. Limited studies have been published
on the sterility of immunotherapy.5 Immunotherapy vials are mul-
tidose vials kept for up to 1 year, with the potential for multiple
manipulations over that time. To our knowledge, no reports have
been made of patients developing infections from immunotherapy
injections. We investigated the potential for microbial growth in
expired allergenic extracts previously used in patient care and stud-
ied the effects of using recommended and lower than recommended
concentrations of phenol and glycerin on microbial growth in
allergenic extracts.

Fifty expired immunotherapy vials from one institution were
collected from patients undergoing immunotherapy. The phenol and
glycerin concentrations in each expired vial were calculated. Albu-
min saline with 0.4% phenol (Allergy Laboratories, Oklahoma City,
OK) was used for diluent. Phenol concentrations ranged from 0.12%
to 0.4%, and glycerin concentrations ranged from 0% to 35% (Fig.
1). Forty-four vials contained greater than 0.25% phenol. Six vials
contained less than 0.25% phenol but at least 20% glycerin. An
additional 50 expired immunotherapy vials, from a different insti-
tution, were collected for culture purposes only. All 100 expired
vials were sent for bacterial culture in thioglycolate broth, as well as
in blood agar and anaerobic plates.

therapy vials. All expired immunotherapy vials met the JCAAI and AAOA
n was less than 0.25%, the extracts contained glycerin concentrations of at
immuno
entratio
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