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Introduction: Conflicting results exist with regard to the efficacy of vacuum cleaners on 
the removal of mite allergens from bedding. 

Objectives: The authors prospectively compared a short term efficacy of two types of 

regular vacuum cleaners (Nationai-N and Hoover-H) with a specialized cleaner (Vorwerk-V) in the 

removal of mite allergens from mattresses. 

Material and Method: Thirty-five dormitory beds with high mite allergen concentrations 

at the baseline period (month 0) were selected. They were matched into three groups according to 

group I mite allergen concentrations (N 11 beds, H 12 beds, V 12 beds). Vacuuming was performed 

on months 1 and 4 by the assigned vacuum cleaner in each group. Immediately after, mattresses 

were vacuumed by a reference cleaner (another National vacuum cleaner) at both months. Vacuum­

ing was performed over the entire bed for 2 minutes/square meter. Group I mite allergens (sums 

of Der p I and Der f f) were measured; concentrations and total mite allergens removed by the tested 

cleaners as well as by the reference cleaner, at various time points, were compared. 

Results: Ability to remove mite allergens by vacuum cleaners depends on weight of dust 

removed and also on mite concentrations in the dust samples. Despite the fact that H and V appeared 

to remove higher mite allergens than N, such differences were not statistically significant (p > 
0.05), both at month 1, and 4. Surprisingly, mattress mite concentrations removed by both high 

capacity cleaner groups (V & H) increased at month 4, whereas, it remained unchanged in the third 

group (N). This increase led to a concomitant increase in total allergen removed by V and H. Never­

theless, remaining total allergens in the mattresses in V and H, as judged from the amount of 

allergens obtained by the reference cleaner, increased at month 1 and 4 compared to baseline values 
(p < 0.05), whereas, no change was observed in N. 
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Conclusion: Although high capacity vacuum cleaners removed a large amount of mite 

allergens from mattresses, they did not sufficiently reduce mattress mite allergen burden as deter­

mined by the reference cleaner during this short term study. 
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Increasing public awareness on the rising 
prevalence of allergic diseases has led to a wide 
scale promotion of 'antiallergic' devices, mainly, 
vacuum cleaners and hygienic air purifiers designed 
to remove environmental allergens. Scientific data to 
support the use of such devices particularly vacuum 
cleaners in reducing relevant allergens or to improve 
allergic symptoms are scarce and controversial(l-4). 
Moreover, approaches and methodologies used by 
these studies were not uniform and therefore did not 
allow valid comparison. Although, the use of vacuum 
cleaners has been one of the most relevant methods 
to remove allergen load, it was not endorsed as an 
effective measure by the 3rd International Workshop 
on Indoor Allergens(5). 

The authors prospectively compared the 
efficacy of two common household vacuum cleaners 
and of a special type of cleaner in removing mite 
allergens from mattresses by examining mite aller­
gens remaining within these mattresses. 

MATERIAL AND METHOD 
Two types of common household vacuum 

cleaners (the National MC4760, 1,300 Watts - N and 
the Hoover Alpina, 1,300 Watts - H) and a special 
vacuum cleaner (the Vorwerk-VK121 with an ET340 
suction head) were evaluated. Another National 
MC4760 was used as the reference vacuum cleaner 
(R). Baseline vacuuming on dormitory mattresses (a 
dormitory for medical students, Faculty of Medicine 
Siriraj Hospital, Mahidol University, Bangkok, Thai-

land) was performed at baseline (month 0) by using 
R. Thirty-five mattresses with high group I mite 
allergens were selected, matched and randomized 
according to group I mite allergens into the three 
study groups (N II beds, H 12 beds, and V 12 beds). 
Mattresses were vacuum-cleaned by their assigned 
cleaners at month 1 and 4. Following each vacuum­
ing, the mattress was immediately vacuumed by R 
to determine the remaining mite allergens. Practi­
cally, each mattress was vacuum-cleaned for a total 
of 5 times for the period of five months. For N and 
H, an ALK dust trap (ALK Laboratory, Denmark) 
with a paper filter was attached to the vacuum host 
and vacuuming was performed at 'high speed' for 2 
minutes per square meter over the entire mattress. 
Paper filter (trap) was changed after each vacuuming 
with a dust trap washed thoroughly and repeatedly 
in tap water between vacuuming to reduce cross 
contamination of mite allergens between mattresses. 
For V, a new individual vacuum bag was used for 
each mattress, at each vacuuming. Dust was kept ~ 

sealed in plastic bags and immediately transported 
to the laboratory. It was kept in the freezer at least 
overnight to kill off live mites. Dust samples were 
sieved through a 1,000 J..l. sieve to obtain fine dust. 
The fine dust was then weighed, sealed in plastic 
bags and kept at 4'C pending allergen extraction 
which was carried out as soon as it was allowed. 

A two-site monoclonal ELISA assay for 
group I mite allergens (Der p I and Der f I) as pre­
viously described by Luczynska, et al was followed 
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(6). In brief, 0.1 g of fine dust samples were extracted 
at room temperature in 2 ml of phosphate buffered 
saline for two hours. Dust samples weighing less 
than 0.1 g were extracted with a suitable amount of 
buffer to make a dilution of 1 :20 wt/vol. Extracted 
samples were then centrifuged at 2,500 rpm at 4•c 
for 20 minutes with clear supernatants separated and 
kept frozen at -2o·c until time of allergen analy­
sis. Monoclonal antibodies to common group I mite 
allergen (4C1) and to species-specific (5H8 for Der 
p I, and 6A8 for Der f I) were purchased from Indoor 
Biotechnology (Deeside, UK). Two-fold dilutions of 
dust extracts from I: I 0 to I :80 wt/vol in 1 per cent 
BSA-PBS tween were assayed and group I aller­
gen was determined by interpolating onto standard 
curves constructed with dilutions of purified Der p I 
and Der f I. Group I mite allergen contents in dust 
samples were expressed as sums of Der pI and Der 
f I in ~g/g of fine dust. 

Since most data were not normally distri­
buted, nonparametric analyses were utilized as appro­
priate. Comparisons of concentrations and total mites 
allergens between the three groups were performed 
by Kruskal-Wallis tests and between two groups by 
Mann-Whitney U tests. The remaining mite aller­
gens in mattresses as determined by R were com­
pared by one-way ANOV A and by Student's paired 
t-tests. All comparisons were computed on a personal 
microcomputer using the StatView 5 package for PC 
(SAS Institute Inc, USA). Significance was deter­
mined at p value > 0.05. 

RESULTS 
Baseline group-I total mite allergens and 

concentrations from the three groups were well 
matched and were not statistically different from one 
another (Table 1, geometric means of group I mite 
allergen concentrations for N, H and V = 16.5, 19.9 
and 18.9 ~g/g dust, p = 0.86). Dermatophagoides 
farinae was the predominant species found in 
mattress dust samples from this dormitory (> 90% of 
group I allergen were Der f I). This finding is con­
sistent with previous investigations by the authors 
from dormitories within our hospital0,8). Possible 
explanations of such finding could be due to charac­
teristics of the building with a relatively low humi­
dity (55%), higher temperature of rooms without air 
conditioning and a relatively lower frequency of use 
by medical students(8). Table 1 displays (geometric) 
means and ranges of dust weight, mite concentra­
tions and total mite allergens removed by N, H and 
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V cleaners at month 1 and 4 along with baseline 
values determined by the reference cleaner (R). 
Although H and V appeared to remove dust samples 
with higher weights, geometric means for dust 
weights from the three groups were not significantly 
different from one another both at month 1 and 4 
(p > 0.05). Also, at month 1, mite concentrations 
and total mite allergens removed by the three tested 
cleaners were similar (p > 0.05, Table 1). At month 
4, an increase in mite allergens concentrations was 
observed in the H and V groups (geometric means = 
36.08 and 22.51 11g/g dust), whereas, it remained 
stable in N (geometric mean = 13.04 !lg/g dust). 
These differences only approached statistical signi­
ficance (p = 0.08, Kruskal-Wallis), whereas, com­
parison between N vs H produced a significant dif­
ference (p = 0.006, Mann-Whitney U). Although 
similar trend of changes was observed for total mite 
allergens removed at month 4, such differences were 
not statistically different. 

Fig. 1 and 2 depict concentrations and total 
mite allergens which remained within the mattresses 
of the three groups as judged by the R cleaner. It 
is apparent that the remaining total allergen by H 
and V groups increased at the l st and 4th month 
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(p = 0.0001 for H and p = 0.01 for V by ANOVA), 
whereas, a decrease was observed in N (p > 0.05). 
The increase of mite allergens in the H group was 
explained by an increase of concentration in H at 
month 4 (p > 0.02). Results of multiple comparisons 
by the Scheffe tests are shown in the figures. 

DISCUSSION 
With a schedule of regular but not inten­

sive cleaning as used in the present study, vacuum 
cleaning was not effective in the reduction of mite 
allergen within mattresses. The finding in this study is 
similar to several investigations using vacuum clean­
ing as part of their allergen reduction measures( l, 
2,9). With weekly vacuum cleaning, Owen et a! 
found almost a 10-fold increase in mite allergen con­
centrations after a 12 week study(2). In a study where 
mattresses were vacuum-cleaned biweekly for 12 
months, Wickman et a!, found that mattress mite 
allergen concentrations did not change appreciably 
with such a schedule(9). Nevertheless, Munir et a! 
(4) using four different type of vacuum cleaners 
demonstrated a significant reduction of mite aller­
gens particularly with high efficiency particulate air 
(HEPA) type and microfilter type vacuum cleaners 

Remaining Allergen Cone 
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Fig. 1. Remaining concentrations of group I mite allergen in mattresses of the three groups at baseline, 
month 1 and 4 (N - National, H - Hoover, V - Vorwerk). Between month comparisons by ANOVA 
were statistically different within group with * p = 0.02 - H, ** p = 0.001 - V. Multiple comparisons 
(Scheffe tests) revealed significant differences between (a) H, baseline vs 4th month (p = 0.001), 1st 
month vs 4th month (p < 0.001) and (b) V; baseline vs 1st month (p = 0.03). 
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Fig. 2. Remaining total group I mite allergens in mattresses of the three groups (N • National, H • Hoover, 
V • Vorwerk). Between month comparisons by ANOVA were statistically different within group 
with * p = 0.0001 · H, ** p = 0.01 · V. Multiple comparisons (SchefTe tests) revealed significant dif· 
ferences between (a) Hoover, baseline vs 4th month (p = 0.0006), 1st month vs 4th month (p = 0.001). 

(with reductions of 50-85% ). It was obvious that 
baseline mite allergen concentrations in this latter 
study were much lower than others including the 
present study and in the Wickman's study suggesting 
that vacuum cleaning could perhaps be efficient in a 
situation with a lower rate of mite infestations. 

Although a measurement of airborne aller­
gen during vacuum cleaning may be a relevant mea­
surement of allergen exposure such as with cat aller­
gen-Fel d I which is associated with smaller par­
ticles and can remain airborne for a long timeOO, 
II), mite allergens are often associated with large 
particles which settle relatively quickly02,13). For 
this reason, a more important index of exposure to 
mite allergen in an evaluation of vacuum cleaning 
would appear to be that measured from the surface 
evaluated. Although expression of mite allergen 
concentration may be sufficient for a degree of aller­
gen exposure04), Munir was the first to point out 
that with vacuum cleaning, total allergen removed 
by vacuum cleaning would be a better index for an 
evaluation of efficacy(4). The authors agree with this 
contention and took a similar approach by exami­
ning both allergen concentrations and total allergens 
removed by tested cleaners. Differences observed 
between the present study and the Munir study could 
be due to differences in baseline mite allergens as 

indicated previously. Moreover, the authors took 
one step further by looking at the remaining allergen 
within the mattresses after the application of tested 
cleaners since the amount of allergen removed by 
tested cleaners could simply reflect the power of the 
cleaners tested (i.e., the larger the amount of dust 
removed, the larger the amount of allergen removed). 
Such an approach has recently been appreciated and 
examined in a laboratory setting whereby mattresses 
were cut in pieces and examined for remaining mite 
allergens after various vacuum cleanings05). In that 
study, up to 78 per cent of mite allergens was found 
to be reduced by vacuum cleaning regardless of 
types of cleaners used. Nevertheless, remaining mite 
allergens were studied by extracting the upper 2 em 
of the mattress from which mite allergen could be 
most effectively removed by vacuum cleaning. An 
evaluation of remaining mite allergen as performed 
by vacuum cleaners in the present study could dis­
place mites and its allergens from deeper portions 
of mattresses to a more superficial layer. Moreover, 
Derma!ophagoides farinae, the predominant mite 
species in the present study has been shown to possess 
higher mobility06) and thus could be present in 
deeper portions of the mattress substance. Dif­
ferences of such approaches could explain dif­
ferences between findings from both studies. 
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Although Hegarty et a!, found that a specia­
lized vacuum cleaner removed more dust than others 
(17), the authors could not substantiate such a find­
ing with the same type of cleaner (V) evaluated in 
the present study. In fact, the common household 
cleaner used in the present study (H) removed the 
same amount of dust as the special cleaner (V). 
Although dust weights removed by these two types of 
cleaner were somewhat higher than the other cleaner 
(N, Table 1 ), these differences were not statisti­
cally significant both at month 1 and 4. Similarly, 
although total allergen removed by the two higher 
suction cleaners (H and V) appeared to be higher 
than the other cleaner (N), these differences were, 
however, not statistically significant. The authors 
postulate that with higher suction cleaners (H & V), 
mites from deeper portions of the mattresses were 
pulled up to more superficial layers of mattresses 
and proliferated exuberantly during month 1 and 4 
and thus could lead to a steep increase in both con­
centration and total allergen at month 4. Such an 
increase may pose a significant threat for asthma 
exacerbation. Whether, such an increase would be 
characteristic for mattresses with high mite infesta-

tion rates as in the present study or to all mattresses, 
remains to be determined. 

Although a schedule of more frequent and 
rigorous vacuum cleaning than in the present study 
could theoretically be more successful in removing 
sufficient mites and its allergens, schedules of weekly 
vacuum cleaning performed over 1-2 years in other 
studies were found to be insufficient in the removal 
of mite allergen sO ,9). In fact mites allergen increased 
almost 10-fold after 12 weeks of weekly vacuuming. 
Moreover, the requirement for such rigorous proc­
edures could lead to a decrease in patients'com­
pliance in adhering to such eradication measures. 

In conclusion, the authors have demon­
strated that vacuuming of mattresses, alone, per­
formed in a normal fashion is not sufficient to reduce 
mite allergens even with the use of a special type 
of cleaner claimed to remove mites at a higher 
efficiency. Other methods such as encasement of 
bedding with a mite-impermeable membrane and use 
of other physical methods such as hot washing or 
liquid nitrogen(S) should be used in addition to 
vacuuming to ensure adequate reduction of exposure 
to mite allergens from mattresses. 

(Received for publication on March 10, 2002) 

REFERENCES 
I. Burr ML, Dean BY, Merrett TG, Neale E, Leger 

AS, Verrier-lones ER. Effects of anti-mite mea-
sures on children with mite-sensitive asthma: A 
controlled trial. Thorax 1980; 35: 506-12. 

2. Owen S, Morganstern M, Hepworth J, Woodcock 
A. Control of house dust mite antigen in bedding. 
Lancet 1990; 335: 396-7. 

3. Fell P, Mitchell B, Brostoff 1. Wet vacuum-clean-
ing and housedust-mite allergen. Lancet 1992; 340: 
788-9. 

4. Munir AKM, Einarsson R, Dreborg SKG. Vacuum 
cleaning decreases the levels of mite allergens in 
house dust. Pediatr Allergy lmmunol 1993; 4: 136-
43. 

5. Platts-Mills TAE, Yervloet D, Thomas WR, Aalberse 
RC, Chapman MD. Indoor allergens and asthma: 
Report of the third international workshop. 1 
Allergy Clin Irnmunol 1997; 100: S1-S24. 

6. Luczynska CM, Arruda LK, Platts-Mills T AE, 
Miller JD, Lopez M, Chapman MD. A two-site 

7. 

8. 

9. 

10. 

monoclonal antibody ELISA for the quantification 
of the major Dermatophagoides spp allergens. Der 
pI and Der f I. J Immunol Meth 1989; 118: 227-
35. 
Jirapongsananuruk 0, Malainual N, Sangsupa­
wanich P, Aungathiput V, Vichyanond P. Partial 
mattress encasing significantly reduces house dust 
mite antigen on bed sheet surface: A controlled 
trial. Ann Allergy Asthma Immunol 2000; 84: 305-
10. 
Yichyanond P, Uthaisangsook S, Ruangruk S, 
Malainual N. Complete masttress encasing is not 
superior to partical encasing in the reduction of 
mite allergen. Allergy 1999; 54: 736-41. 
Wickman M, Nordvall SL, Pershagen G, Korsgaard 
J, Johansen N, Sundall J. Mite allergens during 18 
months of intervention. Allergy 1994; 49: 114-9. 
Luczynska CM, Li Y, Chapman MD, Platts-Mills 
T AE. Airborne concentrations and particle size 
distribution of allergen derived from domestic cats 



8592 P. VICHYANOND et al. J Med Assoc Thai August 2002 

11. 

12. 

13. 

14. 

(Felis domesticus). Am Rev Respir Dis 1991; 141: 
361-7. 
de Blay F, Chapman MD, Platts-Mills TAE. Air- 15. 
borne cat allergen (Fel d 1). Am Rev Respir Dis 
1991; 143: 1334-9. 
Tovey ER, Chapman MD, Wells CW, Platts-Mills 
TAE. The distribution of dust mite allergen in the 16. 
houses of patients with asthma. Am Rev Respir 
Dis 1981; 124: 630-5. 
Platts-Mills TAE, Heymann PW, Longbottom JL, 
Wilkins SR. Airborne allergens associated with 17. 
asthma: particle sizes measured with a cascade 
impactor. J Allergy Clin Immunol 1986; 77: 850-3. 
Doull IJM, Bright J, Yogeswaran P, Howarth PH. 

House-dust mite allergen Der p 1: Amount or 
concentration? Allergy 1997; 52: 220-3. 
Wickman M, Pauces S, Emenius G. Reduction of 
the mite-allergen reservoir within mattresses by 
vacuum-cleaning. A comparison of three vacuum­
cleaning systems. Allergy 1997; 52: 1123-7. 
Bischoff ERC, Kniest FM. Differences in the 
migration behaviour of two most widespread 
species of house dust mites (HOM). J Allergy Clin 
Immunol1998; 101: S28 abstract#119. 
Hegarty JM, Rouhbakhsh S, Warner JA, Warner 
JO. A comparison of the effect of conventional 
and filter vacuum cleaners on airborne house dust 
mite allergen. Respir Med 1995; 89: 279-84. 

I)fj(fl ?'Jf07UlJ1{ W.lJ. *, U'JiViJU>JfOl Jfl'J:>J{j'fUYIJ, W.lJ. *, 

fl1f(i/1f tjmfni 'JY/.11. *, rJi m~eJU'JiV, IYI.J.J. ** 

1um'llilmmrf~ifr;J'l-ititl'i::L~'\JI'l"Jl~l'!l~.mn1um'i'IJ-i111~l'HI.W"lln 1 'i~u•nn~UtJUL\11£JLI'l~iNI!J111~U 3 'lfU\11 ( Nat1onal 

MC4760-N, Hoover Alpina-H LLi:'l:: Vorwerk VK121-V nu'l-11~\11 ET340) f;!l-itJfl\11L~tlfl'yj\Jtl'\J 35 iJur\wuiljl 

tl'1~lru<'~l'iLLW"nn1'ic:Ju1utl'1~lrur\a~ Lvit:Jul~l?!mn L111tJ1'li'Y\uvu 11 i.lw1un~~ N, 12 i.lunun~l-1 H LLa:: 12 5w1u " " . . 
n~~ V ml-llnJO!l'iLLW'nnb~u1ur\uvul'f~ 3 n~l-l.yj'j111L~l-I~Unl'iAnl~n1;.ijli'!"Jl~LL\llnt;iw1u'l'm~n~ (p > 005) r;Jl~tJ 
1'li'LI'l~tl~I!J111~ul'f~ 3 n~~I!]\11~'\J'nnr\uvur\L&it:Jur\ 1 LLi:'l::L&ivur\ 4 ~"JtJ'i::tJ::nal 2 u1Yi{;]t:J\11l'il~L~\11'i 'Y!oi'~m'ii!J111~u 
LLt;ii:'l::l"l'f~f:Jl-itJt'li'LI'l~tl~ National MC4760 Ll"'~tl~.y\ 2 ~\11~\J.y\L'YI~t:JLU~'\Jtl\J"'lnl'f~ 3 n~~tltlnl-llLYimtJ=JtJuLYitJU 
m~lnJl'll'iLLW"'ln h~uYIL'YI~tJLUYiutJULLt;ia::n~~ ~l'iLLW"'lnl'i~u (group I allergen) 1111111l"L111tJnl'iLi' ELISA technique 

LLi:'l::nl'iLU1tJtJL YitJutl'13-ilnJ~l'iLL W~L 'YI~ll 1 U~'\JDU1uLLt;la::L&itJuYn L111tJ"i5 nonparametric method ( Kruskai-Wallis LLi:'l:: 

Maran-Whitney-U test) 

c.mm'li-it~wu-ilLI'l~tJ~~\11~\JJ~ 3 'lfil1111;.ial~l'in"'::i'l111tl'1mrum'iLL w"'ln 1 'i~UYIL 'YI~ll 1 u-YiuDuYitll'lltJL&itJur\ 

1 1 " t ... 1- " 1 .'I ..j ~ 1 ..j 1 . ..j ~ ..j ..: .¥ ..j - ~ LLi:'l:: 4 i'l~ \11 \11tll1 u'i~lnJ~l'iLL'W"'ln "lii'\JYIL'Yii:'lll \JYI'\Jll'\J Unfj~ H LLi:'l:: V YIL\11ll\JYI 1 LLI'l:: 4 L'Wl-I'IJ\JL~tlLYitJtJntJ 

l'htl'1~lnJl'll'iLL wYI"'111L~~~'\J'IJtl~LLt;i('l::n~~ ( p < 0.05) 1 Unl'iAm~nlfwu1lm'l1'li'LI'l~ll~\11\11c:lULLt;iL WtJ~mh~L&itJ"J 1;.Jal~l'in 
.. • " 'I 

l'l111tl1~lruO!l'iLL W"'ln 1 'i~u1uYiuDu M 

tln111 =s.enuuff, 'U1ft!l'U>IIt4' ~~tJ't'Jm, 

fiAi'fiU L~!l>llihi cV' J.llftrJ'U1ft 

ttfi'HJ.nrJL'H'JmiiU.'W'rltf "I 2545; 85 (QUUiilL.nt 2): 5586-5592 

• <'ll'IJli'lflhi'IJJiiLL vl'LLa::ill-JI;!t uimn. 11ll'l"i'lf1TJl-lTln'lfl'll<'llll{ 

•• 1111'1i'lfltJ~allli't1tn, l'lnJ::LL'W't1!'JI'IlOI!Il{~1~l'lf'W!'JlUli:'l, l-J'I>1li't1!'Jl~!'Jl-Jii(;li:'l, n1~L't1'W *1 10700 




