Evaluation of materials used for bedding
encasement: Effect of pore size in
blocking cat and dust mite allergen
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Background: Mattress and pillow encasings are recommended
for patients allergic to dust mites. Many encasements block
allergen and are vapor permeable but do not allow free pas-
sage of air through the material. Recently, breathable fabrics
made from tightly woven synthetic fibers or nonwoven synthet-
ics have been recommend as encasements.

Objective: The purpose of this study was to develop a method
for testing encasement materials made of breathable fabrics.
Methods: Dust samples containing a known quantity of aller-
gen (Der f 1, Der p 1, and Fel d 1) were pulled across a variety
of fabrics using a modified dust trap. Airflow through the dust
trap was controlled with a vacuum pump. Five minutes after
dust was introduced, the pump was shut off. A filter located
downstream of the fabric collected allergen passing through
the fabric during the test and was assayed with ELISA for the
relevant allergen. Fabrics to be tested were obtained from
manufacturers and specialty catalogs.

Results: As the average pore size decreases, the airflow
through a fabric becomes restricted, and the pressure differen-
tial created by the vacuum pump increases. Dust mite aller-
gens (Der f 1 and Der p 1) were blocked below detectable lim-
its by fabrics of less than 1qum in pore size. Fabrics with an
average pore size of fim or less blocked cat allergen (Fel d 1).
Conclusion: The method we developed provided a rigorous
and reliable test for leakage of common indoor allergens
through breathable barrier fabrics. Our results show that
tightly woven fabrics and nonwoven synthetic fabrics can
block common indoor allergens but still allow airflow. (J Aller-
gy Clin Immunol 1999;103:227-31.)
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of either a thick vinyl cover or a woven material bound
to a membrane. Some of these materials are vapor per-
meable; however, they do not allow for the free flow of
air, and their comfort is variable. In an effort to better
replicate the feel and breathability of a cotton sheet or
pillowcase, several manufacturers have begun to develop
tightly woven fabrics with pore sizes small enough to
block allergen, thus eliminating the need for a mem-
brane. We report here the development of a technique for
testing materials recommended for use in encasing pil-
lows and mattresses. This method provided accurate
measurement of the pressure gradient across the fabric,
the airflow rate through the fabric, and the amount of
allergen allowed to pass through each material.

The initial studies tested the passage of Der p 1 and
Der f 1, the allergens found in fecal particlesD#r-
matophagoides pteronyssinagd D farinae> The test
was repeated on the same fabrics with the cat allergen
Fel d 1. Although mite fecal particles are 10 tou@in
diameter, a significant proportion of cat allergen is asso-
ciated with particles less than 10n in diametef.”
Because of the size of particles carrying Fel d 1 and the
quantity of this allergen in dust samples, cat allergen was
used to provide a more rigorous test of the fabric’s abili-
ty to block passage of allergens.

METHODS
Preparation
House dust obtained from vacuum cleaner bags that contained a

Reducing exposure to allergens found in the home ignown amount of Der p 1, Der f 1, or Fel d 1 was sieved through
recognized as an integral part of the management of astl@ 300pm screen and weighed out into 0.1 and 1.0 g aliquots. In addi-

ma, perennial rhinitis, and atopic dermatitid.For

patients who are allergic to dust mites, the use of imper
meable covers for mattresses and pillows is a major pal
of the protocol recommended to decrease expdstire.

tion, a more concentrated form of dust containing Der p 1 was
prepared by combining 0.1 g of spéhtpteronyssinugulture with
0.9 g of house dust.

Fabrics were obtained from a variety of specialty catalogs and
manufacturers, including 3M, Goretex, GSI (Brooklyn, NY), and

Many of the encasings on the market today are compriseprecision Fabrics Group Inc (PFG, Greensboro, NC). Each fabric

was cut into 7-inch squares and stored in protective bags. The con-
trols included the cotton sheeting that is routinely used for collecting
dust samples (laboratory control), a commercially available pillow-
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Before testing a group of materials, airflow readings through the
laboratory control were set to within 0.5 L/min of the average air-
flow reading. Pressure readings were also taken and set to within 25
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TABLE I. Measurement of airflow and pressure differential for selected fabrics

Airflow Pressure differential
Fabric Fiber Yarns Filament through fabric across fabric
tested blend per inch* denier*t (L/min) (Pa)
Controls
Laboratory control (n = 5) Cotton/polyester — — 21.9 (21.6-22.7) 12.0 (9.96-14.9)
Retail control (n = 5) Cotton/polyester 90/90 ~1.5/~1.5 21.6 (21.3-22.2) 44.8 (42.4-47.3)
Polycotton placebo (n = 5) Cotton/polyester — — 21.4 (20.3-21.9) 11.0 (7.47-12.5)
Fine woven fabrics¥
50pum (n =5) Polyester 109/85 2.1/2.1 21.9 (21.4-22.8) 52.3 (49.8-54.8)
20pm (n =5) Nylon 171/134 1.2/1.2 20.6 (20.2-21.4) 257 (252-262)
10pm (n =5) Polyester 144/89 2.1/2.1 21.1 (20.8-22.0) 282 (269-286)
6 um (n =5) Polyester 144/89 2.1/2.1 11.3 (10.8-11.7) 2476 (2411-2546)
2um (n =5) Polyester 173/89 2.1/2.1 6.5 (5.98-8.03) 3450 (3383-3550)
Microdenier fabricst
9.9um (n = 5) Polyester 142/84 2.1/0.7 19.1 (18.6-19.4) 297 (272-341)
8.4um (n =5) Polyester 164/84 2.1/0.7 18.3 (17.7-18.6) 436 (374-481)
6.6pum (n =5) Polyester 164/84 2.1/0.7 16.3 (15.6-16.8) 882 (546-1026)
Commercially available fabrics
Wondertex (GSI; n = 2) Nonwoven synthetic — — 17.8 (17.7-17.8) 82 (79.7-84.7)
Microfiber (Priorities; n = 7) Polyester/nylon — — 14.8 (14.2-15.5) 1679 (1495-1769)
3M Propore (n =5) Nonwoven synthetic — — 1.3(1.3) 4319 (4185-4434)
Clean living vinyl (Sears; n=2) Vinyl — — <0.1 (<0.1,<0.1) 4384 (4384, 4384)

*Machine direction of the fabric/cross machine direction of the fabric.
11 denier = 1 g/9000 m of yarn.
FAverage pore size reported by Precision Fabrics Group.

the dust trap by using a pocket manometer (APM 5000; Davis
Airflow Instruments, Baltimore, Md). Fabrics with known airflow and pres-

Recorder sure characteristics were used to calibrate the airflow through the
dust trap before each group of fabrics was tested. After the dust
sample was introduced, the vacuum pump was allowed to run for 5
minutes. Airflow and pressure readings were repeated before the
vacuum pump was shut off. Four seams commonly used by manu-

Rubber Stopper

facturers were also tested with the dust trap. They were the standard
|.'I -~ Fabric seam with no overl_ap (8 ;titches/inch), the overlapped apd double
a — i st_ltched seam (8 stltc_hes/lnc_h), the standard_over-ec_jge pillow seam
= with no overlap (8 stitches/inch), and the single stitched overlap
§ seam (8 stitches/inch).
Analysis
A 37mm Filter Holder A 37-mm filter holder (Catalog no B7632/Z-11; Casella Ltd,
Bedford, England) was mounted downstream of the fabric and
sealed over the exit. Particles passing through the fabric were col-
lected on a Millipore prefilter (Catalog no AP20 035 00; Millipore
Vacuum Pump Corp, Bedford, Mass) while the vacuum pump was running. The fil-
(1.1 HorsePower) ter was removed, folded, and placed into a 3-mL syringe. One mil-
liliter of 1% BSA in PBS-Tween 20 was added to the syringe, and
the sample was spun overnight at 4°C. The extract was recovered by
FIG 1. Diagrammatic representation of a modified Fussnecker squeezing the syringe into a 2.0-mL vial and assayed by using 2-site
dust trap showing placement of fabric, location of flow meter and mAb ELISA techniqueg:?8

pressure gauges, and direction of airflow.

RESULTS

Pa. An even spreading of dust across the fabric was achieved £ The initial group of experiments tested woven fabrics
pulling the dust into the trap through a 14-inch section of Fisher-yith a range of pore sizes. As expected, our results show
brand tubing (5/16 IDx 1/1§-inch wall) (Fisher Scientific, Pitts- _ that a smaller than average pore size decreases the air-
burgh, Pa). A hole was cut into a number 7 rubber stopper, tubing .\, 1 rough fabrics and increases the pressure differen-
was inserted and sealed with silicone adhesive, and the rubber stotial created by the vacuum pump (Table 1). Scannin
per was pressed firmly into the entrance of the dust trap before tes lect . y hs of th ? b .p (.” t t). the ti htg
ing. Airflow readings were taken through the tubing by using a €l€ctron micrographs o e1a ”C,S iffustrate . e tught-
mini-Buck calibrator (A.P. Buck, Inc, Orlando, Fla) 1 minute after N€SS Of the weave that can be achieved by using modern

the vacuum cleaner was turned on. Pressure readings were almanufacturing techniques (Fig 2). The2®-and 10am
taken at this time through holes in the top and bottom portions offabrics performed similarly in airflow and pressure read-
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FIG 2. Scanning electron microscope pictures of 4 woven fabrics: laboratory control (A), 50-um fabric (B), 10-um fabric (C), and 2-um fab-
ric (D) (see Table | for details).

ings, and both blocked approximately 95% of concentrat- 10000 24
ed Der p 1 compared with a used cotton sheet (laborator e -~ FDZl,dfll - 22
control). However, allergen blockage below detectableg .. | o \\ e gg;g})ﬂpl 20
limits only occurred at the 6- andi2n level (Fig 3). -8~

red (n;

\ —o-- Airflow
Twenty-one further fabrics were tested, which are s '

marketed for encasement and available through locag 100

stores or catalogs (Table Il). Fifteen of these fabrics“’qé)

including all of those described as vapor permeable 5§ ;|

restricted airflow to less than 0.1 L/min. Tests of these<

fabrics in which 1.0 g of dust with a high concentration

of Der p 1 was placed directly onto the fabric demon- 14

strated no detectable passage of allergens. Three of the

restricting fabrics were also tested with Fel d 1, and onc

again results_ indicate.d no -deteCtable passage of a"ergepIG 3. Allergen recovered from filter after testing fine woven fabrics

Of the 6 fabrics aIIowmg §IFf|0W FO pass throth th?m’ 4With 1.0 g of dust containing 510 ug/g Fel d 1, 5.5 pg/g Der f 1, 3.7 ug/g

were nonwoven synthetic fabrics, and 2 were tightly Der p, 1 or 26.9 ug/g concentrated Der p 1. The amounts of allergen

woven. All 6 of these fabrics blocked the majority of recovered from the 6-um and 2-um fabrics reflect the lower limit of

a||ergen presented during testing_ Three microdenier fabthe assay. The control was a used cotton sheet (laboratory control).

rics were also tested, with average pore sizes reported at

9.9, 8.4, and 6.um. The term “microdenier” typically

describes a yarn that is comprised of filaments that havslightly different airflow and pressure characteristics

a linear density of less than 1.0 denier (1 denier = ‘than previously tested fabrics, the most effective allergen

g/9000 m of yarn) (Montgomery TG. Personal commu-barrier was once again the fabric with a pore size closest

nication, 1998). Although the microdenier fabrics hadto 6 um. Further tests were carried out onpi-woven
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TABLE Il. Allergen levels recovered from fabrics recommended as encasements

Manufacturers/ Fabric Airflow Feld 1 * Concentrated
suppliers tested (L/min) (ng) Der p 1 (ng)*
Fabrics provided by manufacturer
Nonwoven synthetic fabrics Goretex (n = 2)t <0.1 <0.6 <1.2
3M Propore (n =5)T 1.3 2.3 <2.4
Wondertex (GSI; n = 2)t 17.8 11 <2.0
Microdenier fabrics from PFGT 9iem (n = 5) 19.1 78.0 <25
8.4um (n =5) 18.3 14.9 <25
6.6um (n =5) 16.3 5.7 <2.5
Used fabric (~4.um; n = 2)§ 8.2 1.9 <12
Fabrics manufactured for allergen avoidance
Allergy control products Polycotton placebo (n = 5) 21.4 599 133
ACb Elite Cotton/Polyester (n =3) <0.1 <1.8 <3.6
ACb Stretch (n = 2) <0.1 NT <3.6
Pristine (n = 3) 18.4 7.4 <2.0
Pristine, Washed-1 175 3.4 <12
Pristine, Washed-2 17.9 3.5 <1l.2
Allergy-free environment Ultra (n = 2) <0.1 NT <3.6
Terry cloth (n = 2) <0.1 NT <3.6
Aller/Guard Standard polyester/cotton (n = 2) <0.1 NT <3.6
Premium polyester/blend (n = 2) <0.1 NT <3.6
Terry cloth (n = 2) <0.1 NT <3.6
Comtrad Industries Medibed (n = 2)t 21.9 2.65 <12
National Allergy Supply Satin Soft (n = 3) <0.1 <1.8 <3.6
Cotton Guard (n = 2) <0.1 NT <3.6
Softek (n = 2)T 22.3 4.7 <1.2
Priorities Microfiber (n = 7) 14.8 2.0 <3.1
Stretch knit (n = 2) <0.1 NT <3.6
Polyester/cotton (n = 2) <0.1 NT <3.6
Cotton terry (n = 2) <0.1 NT <3.6
Sears Clean Air (n = 2) <0.1 NT <3.6
Clean Living Vinyl (n = 2) <0.1 NT <3.6

NT, Not tested.

*1.0 g of dust added.

TSynthetic fabrics recommended for allergen avoidance.
FAverage pore size reported by manufacturer.

8Fine woven fabric originally averaging.2n in pore size.
Commercially available.

fabric with seams used by pillow manufacturers. In eachThe leakage of Fel d 1 is in keeping with previous data
case the seam was placed across the dust trap. None showing that cat allergen becomes airborne on particles
the seams leaked more than 5 ng of allergen, and thersmaller than 1@um.” However, that evidence is related to
was no significant difference between the seams tested.aerodynamic size. The results shown here provide sup-
porting evidence that cat allergen is carried on particles
DISCUSSION that are physically smaller than mite allergen.

The method described here makes use of a commel The current technique is robust and provides consistent
cially available vacuum pump to create a pressure gradimeasurements in regard to airflow, pressure, and leakage
ent across the material being tested. The primary allergeof both Der p 1 and Fel d 1. For materials that are imper-
for which these fabrics are designed is dust mite becausvious or vapor permeable, no airflow was measurable,
pillows, mattresses, and box springs are important siteand the validity of the test may be in doubt. However, as
for dust mite growth. The results show that all fabrics expected, no allergen was detected passing through any of
rated as less than L0n in pore size excluded mite aller- these fabrics. The results indicate that both finely woven
gen below detectable limits, even when allowing up to 20fabrics and nonwoven synthetic fabrics can be permeable
L/min airflow. In addition, we tested 3 nonwoven syn- to air and provide efficient barriers to cat and dust mite
thetic fabrics that had similar characteristics (Table Il). allergen. Three nonwoven synthetics allowed airflow of
Under most circumstances, controlling passage of cal5 L/min or greater but restricted Fel d 1 to less than 5 ng,
allergen is not the purpose of these fabrics. However, thanaking them comparable with fine woven fabrics with
use of Fel d 1 as a second allergen allowed us to confirnpore sizes of approximately |gim. A further nonwoven
and substantiate the findings. The leakage of Fel d 1 wasynthetic fabric that was tested (3M Propore) only
consistently greater than that of Group 1 mite allergen.allowed limited airflow (ie, 1.3 L/min) and would better
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be described as permeable rather than breathablapproximately gum will allow airflow but completely

Although we have not systematically tested all the fabricqprevent the passage of allergen.
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