
Further studies are needed to shed light on the biolog-
ical reasons for these findings.
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Markus M. Nöthen, MDd,e

Sven Cichon, PhDd,e

Christian Drouet, PhDb,f

From athe Department of Dermatology, Orléans Hospital, France; bthe French
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pathic nonhistaminergic angioedema. Am J Med 1999;106:650-4.

8. Cicardi M, Zingale L. Clinical manifestations of HAE. J Allergy Clin

Immunol 2004;114:S55-61.

9. Drouet C, Blanch A, Roche O, Monnier N, Duponchel C, Kalmar L,

et al. HAE: genetic investigations. J Allergy Clin Immunol 2004;114:

S65-74.

10. Bork K, Gül D, Dewald G. Hereditary angioedema with normal C1-inhib-

itor in a family with affected women and men. Br J Dermatol 2005;154:

542-5.

11. Gupta S, Yu F, Klaustermeyer WB. New variant hereditary angioedema

in three brothers with normal C1 esterase inhibitor level and function.

Allergy 2004;59:557-8.

Available online September 10, 2007.
doi:10.1016/j.jaci.2007.07.002

J ALLERGY CLIN IMMUNOL

VOLUME 120, NUMBER 4

Letters to the Editor 977

Le
tt

e
rs

to
th

e
Ed

it
o
r

Nonwoven in contrast to woven mattress
encasings accumulate mite and cat allergen

To the Editor:
Sensitivity to indoor allergens, including house dust

mites, is common in patients with asthma, and national
guidelines recommend decreasing indoor allergen
exposure in such patients.1 Measures to decrease mite al-
lergen exposure have been extensively studied and re-
viewed,2 but controversy exists about the effectiveness
of particular measures. Beds are a major source of mite al-
lergen. It is clear that if avoidance measures are to be suc-
cessful at decreasing symptoms, they must succeed in
reducing allergen exposure.3,4

Allergen-proof encasings can be made from vinyl or
from laminates of impermeable or semipermeable mem-
branes, but most current encasings are constructed from
microfiber barrier fabrics. These allow air and water vapor
transmission but have pore sizes small enough to block the
passage of allergen.

There are 2 classes of allergen-impermeable, air-per-
meable barrier fabrics: woven and nonwoven. Woven
fabrics are made from long yarns woven horizontally and
vertically to create the barrier fabric. Woven fabrics can be
washed repeatedly without losing their integrity, and those
with a pore size of 6 mm or less are able to block the
passage of mite and cat dander allergens.5 Nonwoven bar-
rier fabrics are made from short lengths of filaments com-
pressed and bonded together into a solid mass, much like
felt, and have something of the look and feel of a thick pa-
per towel. Nonwoven encasings are less expensive than
woven encasings, but they are generally less durable and
in some cases should not be washed. Although they are
tight enough to block the passage of allergen in short-
term experiments,5 recent studies have suggested that non-
woven encasings are of sufficient depth to allow dust mite
penetration and occasional colonization.6,7 This depth
could possibly also be sufficient to accumulate allergen,
which would in turn negate the benefit of the fabric as
an allergen barrier.

To investigate this, we carried out 2 studies: (1) exam-
ination of live mites and mite feces placed on the surface of
these fabrics and (2) assay of allergen levels on mattress
encasings that had been in daily use for more than 1 year.

Microscopic observation of cultured Dermatophagoides
pteronyssinus mites placed on the woven microfiber encas-
ing confirmed that the mites cannot penetrate into the fabric
(see Fig E1, A [video], in this article’s Online Repository at
www.jacionline.org), with no penetrations seen during a 1-
hour period of observation. Conversely, many of the mites
placed on the nonwoven encasing burrowed beneath the fil-
aments of the fabric, some within seconds (see Fig E1, B
[video], in this article’s Online Repository at www.jacion
line.org). Sieved pure mite feces placed on the surface of
the woven encasings could be easily wiped off (see
Fig E2, A [video], in this article’s Online Repository at
www.jacionline.org). In contrast, with nonwoven encas-
ings, attempts at wiping pushed the majority of fecal
particles into the substrate of the encasing (see Fig E2, B
[video], in this article’s Online Repository at www.
jacionline.org).

To investigate whether allergen accumulated on the
surface of these encasings during normal use, we obtained
20 nonwoven mattress encasings and 12 woven mattress
encasings (of the same types as shown in Figs E1 and E2 in
this article’s Online Repository at www.jacionline.org)

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
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FIG 1. Concentration of mite and cat allergens in dust from the outside of mattress covers that had been in

regular use for approximately 17 months. P values were calculated by using the Mann-Whitney U test, 2-tailed

analysis.
from patients who had used them continuously for at least
1 year (mean period of use, 17.2 months and 17.5 months,
respectively). The nonwoven and woven fabrics used in
these encasings had been demonstrated to be impermeable
to Der p 1 and Fel d 1 by using the technique described
previously.5 Mattress covers were returned by express
mail and kept at 75% relative humidity for several days
before they were examined for live mites. They were then
refrigerated for up to 2 weeks before collection of dust
samples and assays of allergen levels (see Table E1 in
this article’s Online Repository at www.jacionline.org
for details of dust collection and assays).8

A 15 3 15–cm area at the head end of the top outer
surface of each mattress encasing was first examined
microscopically for mite colonization and then checked
for live mites by using the heat escape method.9 With this
technique, gradually increasing heat causes any live mites
to move upward to a clear adhesive paper placed on the
fabric, where they can be counted. Subsequently, dust
samples were obtained from a square meter of the outer
and inner surfaces of each used encasing by vacuuming.
These samples were weighed and analyzed for Der p 1,
Der f 1, and Fel d 1 by means of ELISA (see Fig 1 and
Fig E3 and Table E1 in this article’s Online Repository
at www.jacionline.org).8

Four of the used nonwoven encasings had macroscop-
ically visible dirt and dust embedded in their fabric.
Although no mites were seen either by means of micros-
copy or heat escape, the used nonwoven encasings had
higher quantities of dust and higher levels of mite allergen
on their outer surfaces (see Fig 1 and Table E2 in this arti-
cle’s Online Repository at www.jacionline.org), with mean
Der p 1 and Der f 1 concentrations of 1.35 mg/g and 17.74
mg/g, respectively, compared with mean concentrations of
0.014 mg/g and 0.227 mg/g, respectively, on the used woven
encasings (P < .001, Mann-Whitney U test). Nine of 20
nonwoven mattress encasings had levels of Der p 1, Der f
1, or both of greater than 2 mg/g on their outside surface,
and 5 had levels of greater than 10 mg/g. High levels of
Fel d 1 were also present on the outer surface of 5 of 20
used nonwoven mattress encasings, but none of the 12
used woven encasings, despite the fact that at least 2 of
the owners of the woven encasings allowed a cat in the bed-
room. Mean Fel d 1 was 5.1 mg/g on the nonwoven encas-
ings and 0.2 mg/g on the woven encasings (P 5 .01).
Comparable differences in mite and cat allergen were
found in dust samples from the inside of the fabrics (see
Table E2 and Fig E3 in this article’s Online Repository
at www.jacionline.org).

Taken together, these findings indicate that the ability of
a fabric to block the passage of allergen over a 20-minute
period is by itself an insufficient criterion for its use in
allergen avoidance. The encasing should also be smooth
enough to prevent mite colonization and to prevent
allergen accumulation. Because we were unable to find
mites in the encasing material itself, it is not clear that the
mite allergen measured on its surface was produced by
mites that had colonized the fabric. More likely, the
nonwoven fabric, with its irregularly shaped interstices,
was acting as a sink that trapped and retained allergen
produced elsewhere. This is supported by the high cat
allergen levels and the video imaging showing mite fecal
entrapment in the nonwoven fabric. We cannot exclude,
however, the possibility that some of the mite allergen was

http://www.jacionline.org
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Before instituting omalizumab, each patient had un-
dergone aggressive medical management of idiopathic
angioedema. Interventions included cessation of medica-
tions or foods associated with angioedema. Patients also
had to demonstrate failure to respond to (patient 3) or
tolerate tapering and cessation of (patients 1 and 2)
systemic corticosteroids, despite pharmacologic interven-
tions, including H1 and H2 blockade.6

Patient 1 is a 65-year-old white man with a history of
moderate persistent asthma and sarcoidosis who had
recurrent angioedema in 1999. He experienced swelling
in his feet, scrotum, face, tongue, and larynx approxi-
mately twice weekly. These attacks required self-admin-
istered epinephrine and emergency department visits,
hospitalizations, or both about twice monthly. The patient
attributed his angioedema to certain foods, but dietary
restriction of beef, peanuts, coffee, eggs, and chocolate
was not beneficial. Angioedema recurred despite cessation
of lisinopril, ibuprofen, aspirin, and allopurinol. Urticaria
was absent. Physical examination was unremarkable.
Laboratory findings included normal values for complete
blood count (CBC) with differential, comprehensive met-
abolic panel, antinuclear antibody, and thyroid-stimulat-
ing hormone; C2 level of 2.1 mg/dL (1.6-4.0 mg/dL); C4
level of 30 mg/dL (16-47 mg/dL); C1 inhibitor level of 37
mg/dL (21-39 mg/dL); normal C1 inhibitor function; C1q
level of 16.2 mg/dL (11.8-23.8 mg/dL); positive RAST
result to coffee (class 0/1), egg white (class 2), and beef
(class 3); and total IgE level of 244 kU/L (0-144 kU/L). In
November 2005, 300 mg of subcutaneously administered
omalizumab every 3 weeks was instituted for treatment
of his asthma. Soon after omalizumab was initiated, the
patient’s angioedema regressed. He currently remains
asymptomatic.

Patient 2 is a 63-year-old white man with a history of
chronic obstructive pulmonary disease who had angio-
edema of his tongue and face in 2003. He denied any
urticaria or pruritis with the angioedema. Angioedema
remitted for 3 years; he then began having recurrent
episodes of lip, tongue, and laryngeal edema, requiring 8
emergency department visits and a hospital admission.
The patient required prolonged courses of oral steroids
in addition to daily fexofenadine, cetirizine, and raniti-
dine. Angioedema episodes persisted, despite cessation
of lisinopril and ibuprofen. The patient stated that his
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produced by mites that had colonized the fabric but left
that substrate before it was studied.

The finding of high allergen levels and the fact that mites
can penetrate into these fabrics raise serious questions
about the use of nonwoven fabrics for allergen avoidance.
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Successful treatment of 3 patients with
recurrent idiopathic angioedema with
omalizumab

To the Editor:
Omalizumab is a recombinant humanized monoclonal

anti-IgE antibody that is US Food and Drug Administration–
approved for the treatment of moderate-to-severe persis-
tent asthma.1 Omalizumab also has demonstrable effects
on inflammation in other conditions.2-5 We report 3 cases
of refractory idiopathic angioedema that resolved on treat-
ment with omalizumab.

angioedema occasionally occurred after ingestion of
shellfish, tuna, pineapple, chocolate, or coconut, but
elimination of these foods did not alleviate the recurrent
angioedema. Physical examination was unremarkable.
Laboratory findings included the following: normal values
for CBC with differential and comprehensive metabolic
panel; negative results for anti-FceRI; low thyroid-stim-
ulating hormone value of 0.031 mIU/L (0.4-4.0 mIU/L)
but normal free T4 and total T3 levels, no abnormal anti-
thyroid peroxidase and antithyroglobulin antibody titers,
and reduced thyroid radionuclide iodine uptake (4.2%),
with slight diffuse gland enlargement; C2 level of 3.4
mg/dL (1.6-4.0 mg/dL); C4 level of 25 mg/dL (16-47
mg/dl); normal C1 inhibitor level and function; total
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TABLE E1. Summary of dust sample sieved from encasings (in milligrams) and the concentration of allergen measured

within the extracted dust

Woven (n 5 12) Nonwoven (n 5 20)

Outside Inside Outside Inside

Dust collected* (mg)

Mean 47.0 61.9 265.7 210.3

Geometric mean 31.19 35.4 138.1 116.6

Range 12-137 5-250 20-1400 50-1000

Allergen measured� (ng/mL)

Der p 1

Mean 1.17 2.51 77.2 64.5

Geometric mean 15.2 3.58 10.3 13.3

Range 0-15.2 0-20.3 0-1020 0-920

Der f 1

Mean 10.1 40.9 990 1368

Geometric mean 10.4 14.0 87.3 48.0

Range 0-52.8 0-379 0-11400 0-20900

Fel d 1

Mean 6.17 4.49 55.6 107.4

Geometric mean 4.28 2.52 9.89 19.5

Range 0-22.3 0-24.8 1.07-438 0-662

*Dust samples were collected with a handheld vacuum cleaner—a Hoover Turbo Power 1000 (Hoover, Glenwillow, Ohio)—by using an attachment to collect

dust onto a cloth. Vacuum cleaning was carried out over 1 m2 for 4 minutes. Dust samples were sieved through a 300-mm pore size filter, and the sieved dust

was weighed and extracted in borate-buffered saline at 48C overnight. After removing dust by means of centrifugation, extracts were stored at 2208C.

ed out as described in detail elsewhere.8
�Assays to measure allergens by using paired mAbs and standards were carri



TABLE E2. Summary of values for allergen

Der p 1 concentration (mg/g) Der f 1 concentration (mg/g) Fel d 1 concentration (mg/g)

Mattress encasings Outside Inside Outside Inside Outside Inside

Woven

Range 0-0.163 0-0.260 0-0.873 0-1.632 0-0.584 0-0.647

Mean 0.01 0.06 0.23 0.32 0.20 0.13

SD 0.05 0.10 0.32 0.52 0.22 0.18

Median <0.01 <0.01 0.056 0.076 0.108 0.067

25% to 75% 0-0 0-0.8 0-0.44 0-0.43 0.02-0.39 0.01-0.18

Geometric mean* 0.163� 0.26� 0.337� 0.215� 0.125� 0.082�
95% CI 0-0 0.0036-0.34 0.0024-0.10 0-1.02 0.08-0.40 0.025-0.30

Nonwoven

Range 0-20.4 0-18.4 0-210 0-466 0.011-33.4 0-53.00

Mean 1.35 1.23 17.77 29.60 5.10 11.11

SD 4.53 4.07 46.93 103.75 10.49 18.63

Median 0.107 0.109 2.115 1.344 0.798 0.984

25% to 75% 0.02-0.40 0.02-0.44 0.58-10.7 0.08-4.17 0.11-2.12 0.14-27.0

Geometric mean* 0.281� 0.277� 3.11� 2.57� 0.675� 1.28�
95% CI 0-5.68 0-4.23 0.05-0.36 0-0.84 0.05-10.7 2.30-21.2

These data are also shown in Fig 1 and Fig E3.

*Geometric mean values calculated on the positive values.

�P < .05, woven versus nonwoven, Mann-Whitney U test, 2-tailed analysis.

�P < .01, woven versus nonwoven, Mann-Whitney U test, 2-tailed analysis.



FIG E3. Concentration of mite and cat allergens in dust from the

inside of mattress covers that had been in regular use for approx-

imately 17 months.
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