Partial mattress encasing significantly reduces
house dust mite antigen on bed sheet surface: a
controlled trial
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Background: The most effective measure in house dust mite antigen reduction isnethod for isolating afflicted individ-
mattress encasing with an impermeable membrane. A reduction in encasing costals from the mites and their antigens
will help increase patients’ compliance in mite antigen avoidance. in the bedding® Currently, there are

Objective: To investigate the effectiveness of partial mattress encasing with amattress cover products made from
nylon sheet produced in Thailand on the reduction of group | mite antigens fronpolyurethane coated fabric or a com-
beddings. plete impermeable membrane avail-

Methods: Sixty regularly-used beds from the house officers’ dormitory of the able worldwide. These products are
Siriraj Hospital Mahidol University, Thailand, were randomly matched into two recommended for complete mattress
groups according to mite antigen levels. The control group (CG) used only regulaencasing.
cotton bed sheets whereas the partial encasing group (PG) used mattresses partialli¥ost mattresses in Thailand are sit-
covered with a locally produced nylon sheet underneath the regular cotton bedated on a hard wooden bed frame
sheets. Dust collection from the beddings was performed at baseline, 2, 4 andifstead of on box springs. The mat-
months after application of the nylon sheet. Mite antigen levels were detected by tiesses are commonly covered by a
two step monoclonal antibody ELISA. special nylon sheet in a fitted sheet

Results: Mite antigen levels in both groups were not different at the beginning of manner that has anecdotally been
the study. The PG had significantly lower group | antigen levels on regular bed shedbund to be clinically effective in re-
surfaces than the CA(< .004) at the 2, 4 and 6 month timepoints. However, ducing the mite antigens which induce
antigen levels on the mattress surface of the PG was significantly higher than the Céllergic symptoms. This method of
at the end of the studyP(< .004). The barrier efficacy of the nylon sheet in mattress encasing which we will call
preventing migration of group | mite antigens from the mattress to the surface of theartial mattress encasing, together with
regular cotton bed sheet was 94% whereas that of the regular cotton bed sheet whe utilization of a locally produced

66% (P = .007). nylon material, can significantly de-
Conclusion: Partial mattress encasing with a locally made nylon sheet can reducerease the cost of mite antigen avoid-
mite antigens on the regular cotton bed sheet surfaces for up to 6 months. ance and, therefore, increase compli-

Ann Allergy Asthma Immunol 2000;84:305-310. ance among patients, especially those
of low socioeconomic status.

The objective of our study is to de-
termine the effectiveness of a locally
produced nylon sheet covering mat-
tresses in a fitted sheet manner, in the
reduction of mite antigen available to
patients on bedding surfaces.

INTRODUCTION ance leads to an improvement of symp-
House dust mite is considered a major tom scores and peak expiratory flow
indoor antigen worldwidé The role of rates as well as a decrease in the degree
house dust mite antigen in the provo- of bronchial hyperesponsivenessin
cation of atopic diseases such as atopic dermatitis, house dust mite an-
asthma and atopic dermatitis has been tigen avoidance also provides signifi-
well established? In asthmatic pa-  cantly greater improvement in severity
tients, house dust mite antigen avoid- score and area affected in avoidance
group than in control&. MATERIAL AND METHODS

R Several measures have been re- Subjects

. Di"iSiOf” of dA”e.rgy ar;jd Immunology, Ee' ported to reduce house dust mites and Sixty mattresses from the house offic-
o e o Mo Soveiosatc, their_antigen with variable success. ers' dormitory at the Sirraj Hospitl,
Mahidol University, Bangkok 10700, Thailand. ~ These measures include bed encasing Mahidol University, Bangkok, Thai-

Supported by the Siriraj China Medical ~ with a mite-impermeable membrane, land, were divided into 2 groups ac-

Board Fund #75-348-254, Mahidol University,  carpet removal, acaricides, denatur- cording to group | mite antigen levels.
Bangkok, Thailand.

Received for publication March 17, 1999, ants, freezing and solar exposﬂr@.f The difference c_Jf antigen levels in
Accepted for publication in revised form oc- @l these methods, bed encasing has each matched pair did not exceed 20%.
tober 30, 1999. been shown to be the most effective In the control group (CG), mattresses
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were covered with only the regular cot-
ton bed sheets, whereas in the partial
encasing group (PG), the tops and
sides of the mattresses were partially
covered with the special nylon sheets
prior to placement of the regular cotton
bed sheets. Pillows were covered with
the same nylon sheets in the regular
manner. These special nylon sheets
were locally produced in Thailand with
a tight weaving pattern which can pre-
vent dispersion of fine particles when
disturbed. The mattresses were 5 years
old on average and were situated on
wooden frames (90< 195 X 8 cn¥).
They were used 5 days per week.
There was no air conditioning but ven-
tilation was well maintained via 3 win-
dows and 2 doors per room. The floor
of the room was cement without car-
pets or rugs. Bed sheets were washed
every 2 weeks. The temperature and
humidity closest to the mattresses were
recorded at the time of dust collection.
Dust samples were collected from each
pair (CG and PG) at the same time.
Dust collections were scheduled to
cover all seasons in Thailand.

Dust Samples

Dust were collected at baseline and at
2, 4, and 6 months after mattress en-
casing. Dust samples were collected

from the upper surfaces of the bed
sheets from all mattresses. In addition,
dust from the mattress surfaces was
collected at baseline and at the
6-month timepoint to examine the
changes in antigen levels within the
mattresses. At the 6-month timepoint,
samples from the inner surfaces of the
bed sheets in the CG and both the
upper and inner surfaces of the nylon
sheets in the PG were also collected.

Each dust sample was collected by
vacuumimg a 1 nt area for 2 minutes
with a vacuum cleaner (Kelvinator
1000 W) attached to a dust collector
(ALK laboratory, Denmark). Different
areas of the sheet were utilized when
collecting samples from the upper and
lower surface of the same sheet. Col-
lected samples were sealed in plastic
bags and stored frozen to kill all live
mites. The samples were then sieved
throuch a 1 mmmesh screen in order
to obtain a fine dust and stored at 4°C
until the time of analysis.

Two Step Monoclonal Antibody

(mAb) ELISA for Group | Mite

Antigen Measurement

A 2-step mAb ELISA was performed
for detection of the group | mite anti-
gen in the dust samples as described
previously by Luczynska et &t The
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Figure 1. Group | mite antigen levels on regular cotton bed sheets in the partial encasing group (P
are significantly lower than in the control group (CG). Group | mite antigen levels were determined for

4 6 month

specific mAb (5H8, 6A8, and 4C1) and
the standard group | mite antigens (Der
p I, Der f 1) used in the assay were
purchased from Indoor Biotechnology
(Deeside, UK). Briefly, the mite anti-
gens were extracted by mixing 0.1 g of
fine dust in 2 mL PBS buffer for 2
hours at room temperature. For sam-
ples weighing less than 0.1 g, PBS was
added to achieve a 1:20 dilution (wt/
vol). After centrifugation, the superna-
tant was stored at20°C for analysis.
Samples were diluted with 1% BSA-
PBS-Tween to 1:10, 1:20, 1:40 and
1:80 in order to detect a wide range of
antigen levels. Mite antigen levels in
the samples were determined by inter-
polating their absorbances on the stan-
dard curve and were corrected for di-
lution factor. Antigen levels were
expressed apg/g of fine dust.

Statistical Analysis

The data was natural log transformed
prior to analysis to produce an approx-
imately normal distribution. A series
of repeated measure analysis of vari-
ance (ANOVA) models were per-
formed. The paired matching on anti-
gen level was incorporated in the
analysis as a random effect. A com-
pound symmetric variance structure
was assumed. All pairwise compari-
sons between pairs of mean were made
using the Tukey-Kramer multiple com-
parison procedure. The efficacy of ny-
lon sheet and regular bed sheet was
compared between the paired PG and
CG using Wilcoxon Signed-Rank test.
All findings were considered signifi-
cant atP value of= .05.

RESULTS
Thirty bed pairs were matched by
group | mite antigen levels both on the
regular bed sheets and the mattresses at
the beginning of the study as shown in
Figures 1 and 2. Throughout the study,
the ambient temperature ranged from
8.8°C to 32.5°C with a mean of
0.6°C. The relative humidity ranged

0 % Wi
the regular cotton bed sheets of both groups at baseline, 2, 4, and 6 months. The gray bars representf{r‘r-ém 40.7% to 69.5% with a mear_‘ of
geometric mean values of mite antigen levels in the PG while the white bars represent the geometric meaw-6%. D& f | was found to comprise
values of mite antigen levels in the CG. The 95% confidential interval values are shown in the barsover 89% of the group | antigens de-

(*P < .05).

tected in both groups (data not shown).
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antigen levels found on top of the reg-
ular bed sheets were not significantly
different from the antigen levels on top
of the nylon sheetR > .05).

In Figure 4, group | antigen levels
on the mattress surface in the CG at the
end of the study were higher than on
top of and under the regular bed sheet
(P < .003). Antigen levels under and
on top of regular bed sheets were not
significantly different from one an-
other.

Barrier Efficacy of Nylon Sheets
Versus Regular Cotton Bed Sheets
The barrier efficacy of the nylon mem-
brane versus the regular bed sheets for

Figure 2. Group | mite antigen levels on mattresses in the partial encasing group (PG) are significantigach pair was determined by dividing
higher than in the control group (CG). Group | mite antigen levels were determined for the mattresseghe difference of the group | antigen
of both groups at baseline and 6 months. The gray bars represent the geometric mean values of mig&/e|s on the mattress and on the reg-
antigen levels in the PG while the white bars represent the geometric mean values of mite antigen Ievellﬁ ;

r sheet the group | antigen
in the CG. The 95% confidential interval values are shown in the baPs<(*05). ar bed sheet by the group ge

Mite Antigen Levels on Regular
Cotton Bed Sheets

Mite antigen levels on regular cotton
bed sheets were measured in both
groups at baseline, 2, 4, and 6 months
of the study. As shown in Figure 1,
group | mite antigens in the PG were
significantly lower than in the CG after
the application of nylon sheet at the 2-,
4-, and 6-month timepoints. The group
| antigens in the PG, at the 2-, 4-, and
6-month timepoints were significantly
decreased from baseliné (< .001)
whereas no significant change was ob-
served in the CGR > .05). The anti-
gen reduction effect was more promi-
nent for De f | because it was the
major house dust mite antigen found in
this study (data not shown).

Mite Antigen Levels on Mattresses
Mite antigen levels on the mattresses
were measured at the beginning and at
the completion month of the study for
both groups. In Figure 2, group | anti-
gens in the PG were significantly
higher than in the CG at the end of the
study @ = .007).

Mite Antigen Levels at Different
Bedding Sites at the End of the Study
Group | mite antigens at different bed-

pared within each group at the end of
the study. In Figure 3, group | antigens
in the PG on the top of the nylon sheets
was significantly lower than the anti-
gen levels found on the mattress sur-
face P < .0001) and under the nylon
sheetsP < .002). Conversely, group |

levels on the mattress. The median bar-
rier efficacy of the nylon membrane
for preventing migration of group |
antigens from mattress to the bed sheet
surface was 94% whereas that of reg-
ular cotton bed sheet was 66%. The
Wilcoxon Sign-Rank test performed to
compare efficacies between the groups
demonstrated a significantly higher
barrier efficacy for the nylon sheet

Bedding sites
Top of regular bedsheet 2.63-5.11 n T
Top of nylon sheet| | 1.72-3.51 * ]
* *
Under nylon sheet 6.56- 15.24 - ¥
sk
Mattress surface 25.78 - 67.06 J -
L ) s | L )
0 10 20 30 40 50

Group I antigens (ug/g dust)

Figure 3. Group | mite antigen levels at different bedding sites in the partial encasing group (PG) at
the 6-month timepoint. Dust collected from the different sites of bedding in the PG was analyzed for
group | mite antigen levels at the 6-month timepoint. The bars represent the geometric mean values of
ding sites were measured and com- group | mite antigen levels. The 95% confidential interval values are shown in the bars: (85).
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over the regular cotton bed sheBt€
.001).

DISCUSSION

House dust mite is the most common
aeroallergen causing asthma and aller-
gic rhinitis in Thailand. Eighty-four
percent of adult asthmati€sand 67%

of childhood asthmatié are sensitized
to house dust mite as determined by
skin testing. Furthermore, 88% of al-
lergic rhinitis children are skin prick
test positive to house dust miteDer-
matophagoides pteronyssin{i3p) and

D. farinae (Df) are the most common
house dust mite species found in the
average Thai hom®. Sensitization to
house dust mite is common among
Thai patients due to the warm and hu-
mid climate throughout the year which
favors growth of house dust mites. Ac-
cording to a previous study, the major
habitats for house dust mites in Thai
houses are pillows and mattresses.
Box springs and carpets which are
other major sources of antigen are
rarely used in the average Thai homes;
therefore, efforts for mite antigen re-
duction consists primarily of mattress
and pillow encasement. Partial mat-
tress encasing in a fitted sheet manner
has been a common practice since
most mattresses are laid directly on
solid surfaces such as floors or hard
wood frames. This practice reduces the
cost of encasing materials. For exam-
ple, the cost of partially encasing a
king sized mattress in the local made
nylon sheet costs US $25 while com-
plete encasing in the imported nylon
sheet costs more than US $65. The
decreased expense of partial mattress
encasing could therefore increase com-
pliance, especially among patients of
low socioeconomic status, as demon-
strated previously?

Baseline mite antigen levels in the
CG and the PG from this study (12.04
and 10.35ug/g dust) correspond with
the mean group | antigen level on the
beddings observed in our previous
study in Thailand (11.84g/g dust)!®
We demonstrated that a local made
nylon sheet in the PG applied in a
partially encasing manner, signifi-

Bedding sites

Top of regular bed sheet | 5.91-11.74 _

Under regular bed sheet | 6.34 - 13.07 *

Mattress surface 15.37-32.82

0 10 20 30
Group I antigens (ug/g dust)
Figure 4. Group | mite antigen levels at different bedding sites in the control group (CG) at the
6-month timepoint. Dust collected from the different sites of bedding in the CG was analyzed for group
| mite antigen levels at the 6-month timepoint. The bars represent the geometric mean values of group

| mite antigen levels. The 95% confidential interval values are shown in the bRars: (05).

cantly reduced mite antigen levels on
regular cotton bed sheet surfaces be-
low those found in the CG throughout
the 6-month study. This effect was
seen more prominently with Der f I,
the major antigen encountered in this
study. Although Dep | antigen in the
PG was less than in the CG at the 2-,
4-, and 6-month timepoints, we could
demonstrate a statistically significant
difference between the PG and the CG
only at the 2-month timepoint. This
may be due to the low level of Der p |
antigen at baseline. The group | anti-
gens on the regular bed sheet in the PG
was significantly reduced after the ny-
lon sheet was applied and remained
significantly lower than baseline
throughout the study. Our finding was
similar to a study by Owen et
demonstrating the effect of an imper-
meable membrane in reducing mattress
mite allergens (with cover in situ) at
the 6th and 12th week of the study.
Although complete mattress encasing
is generally recommended, Sarsfield et
al'® using partial encasing similar to
our study, reported a reduction of mite
counts as well as an improvement of
asthma symptoms.

The increase of mite antigen levels
on the mattress in the PG at the end of

the study is consistent with results of a
study by Tovey et al who demonstrated
increased levels of mattress mite anti-
gen of 150% of baseline beneath the
encasing?® This phenomenon may be
explained if the nylon membrane used
in our study acted as a barrier that
decreased ventilation and increased
humidity within the mattresses thereby
providing optimal conditions for house
dust mite growth.

To investigate directly the barrier
effect of the nylon sheet versus the
regular cotton sheet at the end of the
study, group | mite antigen levels at
different bedding sites were measured
and barrier efficacy of the membrane
was calculated. In the PG, the barrier
efficacy of the nylon sheet was 94%.
Mite antigen levels on top of the reg-
ular bed sheet was similar to that on
top of the nylon sheet indicating that
the regular bed sheet did not provide
any additional barrier for this group. In
the CG, the barrier efficacy of regular
bed sheet was only 66%.

The finding that Df is the predomi-
nant species of house dust mite in this
study was different from our previous
findings which demonstrated that Dp
was the major species found in most
Thai house$® We hypothesize that
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since Df survives longer than Dp in the
low humidity of laboratory setting®,
the relatively low humidity in the dor-
mitory (55.6%) compared to average
Thai homes (70%) may explain the
predominance of Df in this study.
Although our study did not address
the clinical significance of house dust
mite reduction by mattress encasing,
several studies have demonstrated the
correlation between house dust mite
exposure and the development and se-
verity of atopic diseases. Kuehr et al
demonstrated that sensitization to mite
antigen was significantly associated
with the new onset of asthma along
with a history of parental atopdy.In
asthmatic patients, D@ | and Der p I
antigen levels in the beds correlated
significantly with bronchial hyperre-
sponsiveness and peak expiratory flow
variability but correlated negatively
with percent predicted FEMV! In
atopic dermatitis, disease severity was
associated with an increased concen-
tration of mite on mattressésA num-
ber of studies have demonstrated ef-
fects of mite antigen reduction by
mattress encasing in patients with
atopic diseases. Bedding encasing re-
sulted in a decrease in symptoms, med-
ication used, low peak flow rate-days,
and an improvement of bronchial hy-
peresponsiveness in  mite-sensitive
asthmatic childreA®? In atopic der-
matitis patients who were sensitive to
mites, mite avoidance by encasing,
benzyltannate spray, and a high filtra-
tion vacuum cleaner resulted in a sig-
nificant greater improvement in sever-
ity scores and area affected in a
double-blind controlled tridl. These
studies support the major role of mat-
tress encasing as a house dust mite
avoidance measure in atopic diseases.
In summary, our finding indicates that
in situations where mattresses are lo-
cated on solid surfaces, partial encasing
is effective in mite antigen reduction.
This could lead to a substantial decrease
in the cost of mite antigen prevention
and increased compliance in the low-
income population. Whether such find-
ings are applicable to mattresses which
are located on boxsprings or in carpeted

rooms needs to be investigated in the
future.
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