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chapter 1

1
Introduetion

One fifth to one quarter of the human population in Europe is allergie to
allergens from cats, mites or fungP- 4 • In these sensitized atopics, the
allergenie properties of different body parts or metabolites of indoor
organisms induce symptoms of allergie diseases such as asthma, rhinitis
or atopie dermatitis. Intra- and extramural care plus costs of medicadon
use amount for asthma and bronchitis to approximately 700 million Dutch
guilders in the Netherlands alone5 • Loss in working efficiency or ability
will involve an even larger sum. Besides these financial aspects, the
quality of life of possibly 1 out of 3 persons is diminished by allergies6 •
Allergy prevention may be divided into 4 different approaches: 1.
removal or extermination of allergen sources, 2. cleaning or removal of
allergen reservoirs, 3. prevention of transport of allergens to the diseased
organs of the patient, and 4. prevention of exposure of the immunological
system. The first three are considered allergen avoidance, but are also
part of facility management or housekeeping. In general, two or more of
these prevention tactics are combined in the advice that the (potential)
patient receives by his physician or other health care professional.·
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From allergen souree to symptoms
Ever since the time of Antoni van Leeuwenhoek who described and drew
some of the live stock of house dust for the first time, in 1694, house dust
is known as a breeding place for many creatures. The 17th century fauna
included fleas, cockroaches, dust lice and mites7 • Other organisms were
fungi and bacteria. In the present era, the indoor environment in Western
Europe still appears to be adapted for the containment of more organisms
than only humans. Besides plants and pet animals that webring in voluntarily, we have adopted a large micro-flora and -fauna. Most of these
organisms are part of the so-called house dust ecosystem8 and/or wall
ecosystem9 • In this respect we should think of both the thick, dusty
environment of textile materials like carpets,.beds and other furniture, and
the meagre dust-surface interface of walls, ceilings and certain floors.
Pets and humans contribute to the dust layer with dander and hair. In fact
all the organisms mentioned present a souree of possibly noxious allergeus, but mites and pets are considered the most abundant sources 10•11 ,
whereas the role of fungal allergens has become more evident in the last
yearsl2,13.
From the seventies on, the prevalenee of allergie diseases appears to
increase. Beside a larger awareness of the subject, this phenomenon will
be due to the save-energy campaigns that were initiateel from the first oil
embargo 14 • The isolation of walls and windows, combined with the sealing
of drafty cracks and crevices created an increase in humidity in houses,
thus enabling an increased development of mites and fungi. Many houses
were and are not equipped with adequate ventilation facilities. Regional
elirnatic and geographical conditions may also induce the presence of
these allergen sources.

Figure 1. The sequence trom allergen souree to clinical symptoms
10
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The sequence from allergen souree to clinical symptoms is depicted in
figure 1. Mite allergens are produced by house dust and storage mites
either as faecal particles or integrated in cuticles. Fungi produce spores
that contain allergenie enzymes 12 • The allergens of cats, being the most
abundant pets, are produced or found in different glands all over the
body 15- 17 • Cats, like other vertebrates, loose small flakes of dander and
other skin materials, to which cat allergens are adsorbed, a large proportion of which is smaller than 2 J!ffi in aerodynamic diameter 18 • The
production of allergens varies with the size of the cat, sexe and hormonal
status 19•20 . Por the house dust mite Dermatophagoides pteronyssinus the
average diameter of a freshly shed fecal partiele is 10 to 40 p.m21 , but this
partiele will in time be broken down to smaller fragments 8 • The amount
of allergen production is estimated to be 2 ng per mi te per day, calculated
from mites fed on liver22 • These faecal particles stick to textile fibres and
other rough surfaces or get airborne by ventBation or mechanica! disturbance by man's, or pets' activities 23 •
Reservoirs of mite allergen are found in the mite niches, i.e. mattresses,
furniture and carpets; Mi te feces and fungal spores are also present in
other materials where dust is collected, e.g. in curtains, on radiator
elements, and on other infrequently cleaned spots. Under dornestic conditions, the mite allergens are quite resistant to decay24 •
Cat allergens are found in dwellings with and without cats25 •26 • Since a
large part of the cat allergens is associated with small particles, much
allergenie material remains airhome and spreads to reservoirs in furnishings and on finishing materials 27 • Cat allergen may be found several years
after the removal of the cat from the dwelling, as well as in cat-free
homes, visited by cat owners28•29 • Apparently, cat allergen is as resistant
to decay as mite allergen.
Actual exposure of human skin, nose, and lungs takes place after transport of the allergens through air, either from the reservoirs or directly
from the source 18•25 •30 • In case of skin exposure direct contact may also
play a role31 •32 • After being adsorbed to the epithelial cells of these body
parts, a cascade of reactions involving different mediators and receptors
takes place, resulting in allergie symptoms such as rhinitis, asthma and
atopie dermatitis. The severity of symptoms depends not only on the amount or type of allergens a person is exposed to, but also strongly on the
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sensitivity of the individual involved32 • However, much confusion exists
on the exact relationship between exposure and clinical symptoms3 •33-36 •
In general, the largest exposure to indoor allergens is at home, but we are
exposed too at work, in schools28 , in hotels and hospitals 21 and even in
trains 37 • Outdoor allergens such as grass or tree pollen, and other sourees
are also causes of allergie diseases. However, production, transport, and
prevention of these differ from the indoor allergens. In the indoor environment the outdoor allergens are usually of less importance38•39 .

Avoidanee products and measures
To persons with allergie diseases a variety of measures is offered that
should lead to a decrease of their complaints. Medication may be divided
into two categories: The first group aims at the process between exposure
and expression (anti-histamines and hypo-sensibilization), and the second
group reduces symptoms, when the chain of allergie reaction is well
underway: corticosteroids and beta-antagonists32 •
Avoidance measures advocated include special furnishing materials that
reduce distribution and accumulation of allergenie material, and cleaning
procedures using special sanitary cleaners with pesticidal and/or allergendenaturing or -adsorbing properties40-42 • Thirdly, air cleaners are available
that remove a part of the allergens that have become airborne4345 . Other
measures aim at souree management, such as removal of a cat or laundry
dryers to stop the growth of mites and fungi 46 • Adequate ventilation and
improved isolation may also decrease, in the long run, the development of
these organisms47-49 • More extreme measures are the transfer to a drier
house or an area with a mite-hostile climate, such as the Alps 50•53 •
These avoidanee measures all aim at a reduction of the presence of indoor
allergens so that clinical symptoms of the dwellers will diminish and new
sensibilizations are prevented. In this study, emphasis is laid on the
obstruction of the allergy disease process at the two initial steps: decreasing the production of indoor allergens and diminishing their accumulation
in the indoor environment. For these purposes, cleaners, denaturants,
acaricides and fungicides are available in a variety of formulations,
including sprays, liquids, foams, wet powders and even acaricidal
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paints54 • A relatively new feature is the use of a grooming emollient to
reduce indoor pet allergens.

Assessment of exposure
The main allergen dose is thought to be inhaled, whereas in case of
eczema skin contact may also contribute32 • While the exposure ideally
should be measured at the site of contact, i.e. in air in the direct environment of the patient, this is less feasible in practice. The different allergen
reservoirs are measured by localized air sampling, especially for cat allergens31·55·56, or by sampling of settled dust with a vacuum cleaner at the
locations where the patient stays most frequent 57-60 • Exposure to mite
allergen reservoirs is often expressed as the amount of specific allergen
per gram dust or per square meter sampled surface61 • Mite allergens may
also be expressed as the number of mite bodies or the amount of guanine
per square meter or per gram dust. Guanine is an important mite excretion product, a common factor of all rnites whereas allergens differ among
the mite species62-64. Values for mite allergens obtained by the sampling of
settled dust have a (limited) correlation with actual exposure as expressed
by clinical symptoms, while air sampling values do not correlate at all
with exposure6 1•65 . For cat allergen Fel d l, exposure may be expressed by
dust sampling values or by air sampling values66 •

Quality criteria: safety, practicality, and efficacy
Avoidance may be defined as the package of measures that aims at a
decrease of relevant allergens and irritants, teading to a reduction in
clinical symptoms in the exposed patient67 • With this definition as a
guideline, the demands for a suitable avoidanee product may be discriminared into three criteria fields: efficacy, safety, practicality. For medical
devices, the directive 93-42-EEG of the European Community is the base
for European and national norms. The directive only points to safety
aspects: safe in use, not darnaging health, and not unfriendly towards the
environment. In the Netherlands, the European norm EN-540 (Dutch
norm NEN-540) bas recently been adopted as a derivative of the European directive68 • For avoidanee products, which are medical devices
classified in the lowest class, the manufacturer is to assembie a file on
these safety aspects, which, in case of complaints, must be handed to the
government. The efficacy of the product is not evaluated. Practicality is
13
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nat normalized by government, but by national institutions such as the
Dutch Union of Housewives (Nederlandse Vereniging van Huisvrouwen).
The effectiveness of a mites ar fungi killing agent may be assessed by calculation of the mortality after exposure of a group of target organisms to
this pesticide. Befare marketing, most pesticides will be tested in this
way; depending on country and target area this may even be obligatory.
For allergen denaturating ar allergen adsorbing products an estimate can
be made of the capacity of the product, by camparing the allergen levels
in the presence and absence of aliquots of the modifying substance. No
specific gaveromental ar European regulations exist forthese products.
The effectiveness tests do nat concern circumstances as may be found in
dwellings. Testing of efficacy is less easy, because it involves a simulation of the practical situation. The validity of the test system for the
particular purpose must be assessed. Furthermore, the actual application
of a measure influences the 'in-vivo' efficacy. Excellent measures that
require an intensive, weekly repetition will probably nat result in the
largest allergen avoidance. Differences in dwelling situation and dweilers'
behaviour influence the outcome of measures.

Aim of the study
The aim of present study is to develop and validate test methods and
criteria for allergen avoidanee measures, to discriminare between effective
and ineffective measures when put into practice in the home environment
of an allergie person.
First a mathematica! model is constructed that values the total exposure to
allergens for a specific person in his ar her home (§2.1). While the
methad is validated with guanine values of vacuumed samples from the
homes of 20 rhinitis patients, the ways to measure guanine in dust
samples is discussed (§2.2) and the correlation between guanine and mite
allergens is examined (§2.3).
Secondly two semi-natural rnadeis are elaborated and validated. The first
model simulates textiles and other materials at home in which dust can
collect, thus creating a niche for house dust mites and fungi (§3.1). Same
aspects of the dust layer are treated in detail (§3.3). This model was first
14
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described by Schober of our working group54 • The second model mimics
walls and ceilings, which attract much less dust. Nevertheless, due to
certain organic materials and indoor-elirnatic conditions these surfaces
may harbour fungal species and storage mites (§3.2).
Finally, the efficacy of a series of avoidanee measures of variabie nature
is evaluated. The production and distribution of cat allergens from domestic cats, living in a laboratory room, is examined with and without a
weekly treatment of the cats with a special grooming emollient (§4.3).
Using the models for the house dust ecosystem and the wall ecosystem,
different acaricides, sanitary cleaners and allergen denaturants are tested
against mites and fungi, and the reproducibility of the measurements is
estimated (§4.1). The durability of the acaricidal effect of two promising
acaricides is also determined (§4.2).
In Chapter 5 (General discussion) the results of the Chapters 2 to 4 are
evaluated and reviewed in the context of the scientific literature.
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CHAPTER 2
Assessment of allergen exposure
Allergen avoidanee involves medicine, biology, hygiene and building
technology. The cooperation between these disciplines generates questions:
Can allergy be managed by building-technological interventions and hygiene
measures? What is the relation between the complaints of allergie patients,
and the amount of allergenie material in the home? Many researchers have
obtained indicative results, but it proved difficult to show a straightforward
link. When we agree that effective allergen avoidanee is an option next to
maintenance medication and immunotherapy, we must have the indicators to
establish the level of exposure befare and after an implemented sanitation.
In this chapter a model for exposure to house dust mite allergens is constructed. The primary validation is based on guanine measurements from
house dust samples. The analytical methods to measure guanine in house
dust are evaluated. Furthermore, the value of guanine as a parameter for
allergen exposure is compared to mite allergen Der p I and mite numbers.
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2.1
Correlation between clinical symptoms
and allergen content of house dust
L.G.H. Koren®, F.M. Kniest", Helianthe S.M. Kort®, Johanna E.M.H.
van Bronswijk®.
®Jnteruniversity Task Group 'Home & Health', Eindhoven University of
Technology & Utrecht University, the Netherlands, *Allergopharma J. Ganzer
KG, Reinbek/Hamburg, Germany

Summary
Allergenie house dust mites and storage mites are living in the dust layer of
textiles and other objects in homes. The distribution of freshly produced
allergens will correspond to the most apt niches of the mites. Atopie persons
are exposed individually, according to their actions and whereabouts in
buildings, to the allergenie faeces and exuviae of mites. Until now it has
been impossible to demonstrate a direct, quantitative link between allergen
exposure and clinical symptoms of atopie persons.
In the present study, the total exposure of a specific allergie person to all
mite allergens in his or her home is assessed by a summation of the guanine
levels in settled dust vacuumed from all textile objects. The guanine levels
are weighed according to the amount of collectabie settled dust, and to duration and intensity of exposure of the specific patient. This exposure model
is validated by a comparison of the clinical symptom scores of 20 miteallergic rhinitis patients with the mite allergen exposure sums at their homes.
Allergie symptoms and guanine exposure sums derived from a mean of 8
textile objects per house were compared before and after a sanitation
program. Significant correlations were found for guanine exposure values
before and after, symptom scores before and after treatment, and change in
guanine exposure value versus change in symptom scores (p < 0.05). By
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using only selected objects per house (mattress, textiles of bedroom, textiles
of bedroom plus livingroom carpet) no correlation between changes in
symptoms and exposure was found.
In allergen avoidanee programmes, the avoidanee result may only be
monitored by the presented allergen exposure model based on guanine, when
all dust collecting objects are taken into account. While in this model only
the home is examined, exposure at other locations, such as workor school
should also be considered. Under Dutch elirnatic conditions, the analytica!
result of only a few selected objects in the home does not reflect dornestic
exposure, nor does it make an effective avoidanee programme possible.
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Introduetion
House dust mite allergens are an important cause of rhinitis, asthma and
atopie dermatitis. Severity of complaints will depend on individual sensitivity
and on the extent of exposure of the patient. Allergens produced by mites in
textile materials will be distributed through the house by air movements and
human activities. The contribution of each room to the clinically relevant
allergen exposure will be different, both in type of allergen and in quantity1·2. Dust samples taken by vacuuming show a diversity of mite species,
and likewise allergens3•4 . Purthermare the total allergen exposure may be
enlarged by sofar not sampled objects, like walls5 • Until now, a direct link
between mite allergen exposure and clinical symptoms could not be demonstrated.
Since at least 10 mite species are found on a regular basis in house dust, and
all of these species are known to produce several allergens 6•7 , it is
advantageous to use an overall measure of the presence of mite allergens for
the assessment of mite allergen exposure. Guanine, the major nitrogenous
waste product of all mite species, is found in house dust in considerable
amounts. Samples with more than 50 mg per gram of dust have been
recorded. The quantity of guanine may be determined in an inexpensive yet
accurate assay by HPLC8 • In dust samples with mite allergen Der p I, orDer
pI and Derflas primary allergens, a definite correlation between guanine
and these allergens exists9•10 •
In complete allergological avoidanee studies of homes, clinical as well as
biologica! and indoor elimate parameters are monitored in order to define the
effects of the programmes on patient's condition 11 •13 • In this study the
guanine level, tagether withother data like the amount of collectabie settled
dust, and duration and intensity of exposure to particular guanine levels, is
used to model a guanine exposure level for the whole house and a single,
specific patient. This level should be a measure for the exposure of that
particular patient to all mite allergens in the home. Avoidance measures
taken are meant to reduce the number and intensity of complaints. The aim
of the present study is to establish whether it is possible to use this model
and correlate the impravement or worsening in clinical symptoms of allergie
patients with the change in allergen exposure of their homes. An earlier
reported double-blind avoidanee study on 20 rhinitic patients was used to
validate the model.

25

clinical symptoms and allergen content of house dust

Methods and materials
Allergen exposure model
The most accurate mite allergen exposure level for a person in his or her
home would be a direct registration of all inhaled and skin adsorbed
allergens measured continuously, and discriminating all types of mi te
allergens present. Such measurements are not feasible. Airborne allergens
may be measured, but the available methods either induce changes in
allergen levels in the air, or yield too little allergenie material, especially
when more than one different allergen has to be determined. Furthermore,
the patient itself and other dweilers induce dust to become airborne, thus
increasing temporarily the allergen level in the air. A standardized disturbanee of allergenie sourees and reservoirs may contribute to a solution of
the solution of this problem14 •15 •
Instead of measurements on airborne dust, a fraction of the settled dust in
textile objects is vacuumed off, and the concentration of allergenie material
in it is determined. The allergenie dust that is vacuumed off is assumed to
be correlated with the amount of airborne allergens, and thereby with the
amount of allergens actually inhaled by the allergie patient. Measurement of
mite allergen levels in a dust sample, and multiplication of the levels by the
total amount of dust of the sample, will then produce the potential allergen
exposure contribution of the vacuumed object. A summation over all textile
objects will be needed todetermine the total potential exposure.
We assume that guanine from vacuumed dust samples correlates not only
with Der pI and Der /19•10 , butwithall types of house dust mite allergens
in dust samples. Thus, the total amount of guanine in dust samples from
textile objects of a house will give a measure of the potential exposure to
mite allergens in that house.
Patient's exposure to allergens will differ among rooms, and among
objects 16•17 • The proposed model estimates the exposure that is experienced
by one person, the patient, in his home. Por calculating purposes, the
dimensions of the directly influenced area around the patient is taken to
measure 2 by 1 by 1 meter (h/w/d). Thus, a person lying in bed disturbs
settled dust of a twice as large textile surface than a standing or sitting
person. Another potentially important factor is the nearness of the patient to
the allergen source. The precipitation characteristics of airborne particles
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cause a gradient with increasing partiele concentration downwards. The
influence of this phenomenon on exposure will depend largely on the actual
nearness of the person to the surface, but also on variables such as size of
the person, partiele size distribution, and relative humidity. Every (allergie)
person in the same house will be exposed differently, according to the
duration of their exposure to allergens in specific rooms. The subject is
expected to exert a moderate activity while at home; Increased activity would
alter both the inhalation volume of the patient and the quantity of airborne
allergenie materiaL
A general formula of exposure is then:

with: GE= guanine exposure value (in mg guanine) fora house and fora
particular patient; i = a textile object; X = total number of textile objects
in the home; /; = function dependent of size of rooms (floor surface area,
in m2), lengthof stayin hours, surface area of textile objectsin mZ, position
and activity of the subject, and number of persons present; (G); = guanine
level of dust vacuumed from a. textile object (in mg/g); D; = total quantity
of vacuumed dust of the object (in g)
The regarded atopie person is exposed only part of the day to the allergens
of a particular room. The longer the stay, the more the patient will be
exposed. Therefore, rooms must be discriminaled for the time of presence
of the subject. We estimated working people and scholars to spend approximately 8 hours a day in bed, 4 hours in the living room and 2 hours in other
rooms. Forsome people, e.g. housewives and disabled persons, a larger part
of the day may be spent at home, and relative length of stay per room group
may vary. While in bed, exposure from floor textiles and other furniture is
not relevant. Therefore, the model differentiates exposure in three areas: the
patient's bed, the living room, and all other rooms, ineluding kitchen, stairs,
hall, bedrooms (while not in bed), and study.
Actual exposure to inhalation allergens will be also dependent on the volume
of air that is drawn in by the subject. This value differs in time, and depends
on the metabolic activity exerted. At home, while exerting only light to
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moderate activity, inhalation volumes will vary between 1 and 2 m3/hr. Short
periods of higher activity will increase inhalation to intermediale values.
During sleep, volumes decrease 5 to 18% in NREM sleep and possibly
another 10% in REM sleep 18 • While the decrease in inhalation volume will
be unique for every patient, the range of 10 to 30% decrease during sleep
may be less important due to the increased neamess of the sleeper to the
allergen reservoir. In present model we neglect these differences.
Exposure to mite allergens in an undisturbed room is practically zero. Mite
allergens are usually attached to particles of 10 p.. or larger, which are
precipitated within 20 minutes after disturbance 19 • Due to walking, sitting,
sleeping16 , and other activities, in the vicinity of the patient a more or less
constant amount of dust particles will become airbome, spreads over the
room, falls down and becomes airborne again14•15 . Thus, the exposure in a
particular room will be proportional to the ratio of textile surface and total
surface. Beds and other fumiture usually have textile surfaces on more than
one side, while the area where persons can be located in a room may be
approached by the total floor surface. Therefor the ratio between textile
surface and total floor surface may be considerably larger than one.
When more persons live in the same house, the amount of dust and allergens
becoming airhome will increase. In the present model we have assumed that
the other dweilers are present in the livingroom at the same time as the
patient, but not in the other rooms. For the patient's bed the actual number
of sleepers is used. The surface that is influenced is assumed to be one
square meter while the patient is sitting or standing, but two square meters
while laying down. Considering the nearness of the subject to an allergen
source, we have assumed here that a sitting person experiences a doubled
exposure compared to a standing one, due to its shorter distance to the
source, and a lying person, in bed, a quadrupled concentration.
This results in a more detailed formula (2) for the whole house:

with: GEd = guanine exposure value of the whole house (d); T0 = Time
spent in the object group (o) per day in hours; At0 = textile surface of object
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group in m2 ; A 0 = total upper surface of object group in m2 ; X0 = number
of textile objects of the object group; No = number of users of the object
group; D 0 = disturbed area per person of the object group; and v =
nearness factor of each object.

Data used to validate the model
A set of symptom scores and corresponding quantitative guanine concentrations were obtained from an earlier reported double-blind avoidanee
study 13 • In brief, 20 rhinitic patients, all sensitive to house dust mi te
allergens and living in 20 different houses, were selected according to
specific criteria, including age, specific lgE and skin test results, severity of
complaints, hyperreactivity, type of house, number of inhabitants per house
and exposure to house dust mite allergens, measured as guanine level. All
patients resided in houses with at least 1 textile object with a guanine level
above non-sensitization levels20 •
From June 1988 to June 1989, symptoms of patients were scored daily, by
rating in a 4-class scale (0 to 3) the presence and duration of 6 different
symptoms, that is itching of eye and nose, sneezing, nose secretion, nose
bleeding, eye irritation, and nasal blockage. The mean of the first 6 twoweekly added scores of a patient were used as 'symptom score before
treatment', the mean of 6 two-weekly scores of months 10 to 12 were used
as 'symptom score after treatment'.
Avoidanee procedurestook place in June and December 1988. Treatment of
the house involved intensive cleaning of all textile objects with either an acaricidal cleaner (Acarosan group) or a similar cleaner without acaricide, but
with the sameallergenie dust removing agents (control group). Cleaning procedures were repeated after 6 months, in view of the claimed period of
effectiveness.
The objects were vacuum cleaned all over for 1 minute per square meter,
once before treatment and once 12 months after first treatment. Dust was
collected in separate vacuum bags for each object. From the dust samples the
following data were derived: the number of mites determined by a flotation
technique3, the total amount of collected dust, and the amount of guanine per
gram dust by HPLC8 . The guanine value in mg of each object was calculated
by multiplying the amount of dust with the guanine concentration of the
sample.
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Missing values in symptom scores were treated as 'not changed' and
replaced by the scores from the previous day. Missing values in dust sampling were set on the calculated median of the particular house and object
group. Guanine exposure values were calculated according to the model
described above. Since data were not normally distributed, non-parametrie
statistics were used. Spearman rank correlations were computed with a
confidence limit set at P :::;; 0.05.

Results
The validity of the exposure model was checked by using exposure data and
symptom scores from 20 patients over a 1 year period. Clinical results of
acaricidal treatment versus placebo, and patient compliance are publisbed
earlier2•13 •
The quantitative guanine data of 158 dust samples were available, on average
almost 8 per house. The added symptom scores of a two-week period befare
and after were compared with the combined guanine concentrations of the
dust samples (figure 1). No relation was found between symptom scores of
the patients and the summed guanine exposure levels of their home, either
before treatment (N =20; r, =-0.09) or after treatment (N =20; r, 0.00).
This result was not entirely unexpected, because the reaction to a certain
amount of allergens is individual. We supposed, however, that the change
in exposure would be correlated to the change in allergie symptoms.
Symptom scores of every patient after treatment and levels of guanine
exposure after treatment were divided by corresponding data before treatment. Thus derived normalized values above 1 indicate a worsening in
symptoms or enlargement of exposure, while a value lower than 1 signifies
a decreasein symptoms or exposure.
We first tested the hypothesis that the principal allergen exposure of house
dust rnites is from the bed. Ergo, the difference in clinical symptoms should
be correlated to the exposure sum of the bed and bedding materiaL To this
end, we calculated the exposure of the bed dust samples, before and after
treatment, and compared the ratio with the ratio in clinical symptoms. In
addition, we calculated and compared exposure values for all objects of the
bedroom, for all bedroom objects and livingroom floor, and for all objects
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Figure 1. Symptom scores of rhinitis patients and guanine concentrations in textile
objects of their home. A: Initia/ va/ues, June 1989; 8: One year later, June 1989.
Numbers 1 to 10 indicate the patient group with acaricida/ treatment, numbers 11
to 20 received placebo treatment.
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of bedroom and livingroom. Finally, we also calculated and compared the
exposure values of all sampled objects, including those from other rooms.
The correlations of these (sub)groups are shown in table 1. Insome cases,
data of less than 20 homes were used, because no data were present from the
bed, or from the livingroom floor. Insufficient amounts of dust, or the
absence of textile floor coverings were the underlying causes.

Tab/e 1. Spearman rank correlations and significancies of change in symptom
scores with change in guanine exposure value, as calculated with farmu/a 2, of
different data selections from an allergen avoidanee study with 20 rhinitis patients.

*Different characters indicate significant ditterences (p<0.05) in correlation
between groups, equal characters indicate no significant difference.

No correlation is found when only the bedding is considered, nor when all
bedroom samples, or bedroom and livingroom samples are used. Only when
all dust samples from textiles in a house are summed, a significant
correlation is present. However, the observed correlations ofthe groups 'bed
+ bedding', 'bedroom', and 'bedroom + livingroom' where not significantly different from the 'all objects' group.
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Discussion
In this study, a model is described for the assessment of the mite allergen
exposure level of an individual patient. Of course, the model simplifies and
neglects various factors. The patient's volume of inhalation is taken to be
constant in time in alllocations, while this varies, depending (among other
factors) on the activity of the subject 18 • The influence of differences in
distance between allergen reservoir and patient are rudely assessed. The
increased sensitivity of the patient during sleep or stress is not taken into
account4 • Quantification of these and other factors may be possible, but we
expect their influence on the total exposure in many cases only marginal.
Trying to relate allergie symptoms to exposure, we recognize the large
uncertainties that are incorporated into both entities. An atopie persou has
an individual sensitivity to each type of allergen. Furthermore, the
quantification of symptoms is difficult because of their subjective nature.
Therefore no relation may be expected between the amounts of guanine and
symptom scores, neither before treatment nor afterwards. However, it
proved possible to associate the change in exposure level of 20 patients,
adjusted to the home circumstances of each individual, with the change in
their allergie symptoms.
In the avoidanee study, a mean of almost two hours, or 115 square meters
of textile surface, was needed to obtain a valid sampling set. It would be
very convenient to be able to assess the chance of clinical improverneut of
a mite-allergic patient from the allergen or guanine values of just a few
relevant textiles in the patient's home. In this study was shown, however,
that such a strategy is less valid. It was shown earlier that samples from a
single carpet differed already considerably in allergen content2 1•
For the moment, we formulated a mathematica! model that is able to
correlate the symptom change with the fluctuation in mite allergen exposure
in rhinitis patients, thus making planning and evaluation of avoidanee studies
easier. Furthermore, it has made clear that a mite allergen exposure value
based on a few objects is not reliable to monitor mite allergen avoidanee at
home, at least not for the Dutch situation.
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Technology & Utrecht University, the Netherlands, #Sahlgrens Hospita!, Göteborg, Sweden, *Allergopharma J. Ganzer KG, Reinbek/Hamburg, Germany

Summary
Guanine excreting mites are an important souree of indoor allergens
causing atopie inflictions such as asthma, rhinitis and eczema. It has been
proven earlier that the prevailing guanine concentration is a good measure
of mi te allergen exposure indoor. Pour different methods to assess the
guanine content of house dust are compared: diazo-colorimetry, dipstick
test (Acarex®), high-performance liquid chromatography (HPLC) and
capillary zone electrophoresis (CZE). Accuracy of the dipstick test
(ordinal measurement) is considerably less in comparison to the other
methods. Validity and reproducibility of all four methods are comparable;
in the case of CZE matrix effects and apparatus failure may affect
measurements and results are not (yet) fully reproducible.
At 2000 analyses a year costs of analysis (equipment, materials, Iabour
costs) per sample is lowest for the semi-quantitative dipstick metbod (4.50
ECU) foliowed by capillary zone electrophoresis and HPLC (bath 11.0012.00 ECU). However at 10,000 analyses per year CZE is appreciable
cheaper (8.50 ECU per sample) than HPLC (10.00 ECU per sample).
The dipstick methad is useful to obtain an indication of the guanine
concentration. Por more accurate measurements HPLC is the best choice
being bath accurate and reliable. Por low-budget facilities the diazocolorimetry may be recommended. It is dependable but Iabour expensive.
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Currently the CZE methodology lacks the robustness needed for a tooi of
routine guanine assessment of house dust.
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Introduetion
Excretion of guanine is the way mites and other arachnids use to loose
their excess of nitrogen1• Guanine may be found in a high percentage in
house dust, derived primarily from dornestic mites2. The guanine concentratien in dust of home textiles is a parameter for the intensity of mite
allergen exposure of the inhabitant3.4.
Guanine excreting dornestic mites are an important souree of indoor
allergens, causing asthma, rhinitis, and atopie dermatitis5•6 • In allergen
avoidanee programmes, measures are taken in the homes of allergie persons to reduce indoor allergens. While the impact on allergie symptoms
is usually slow or difficult to separate from concurrent beneficia} influences, a more direct assessment of the avoidanee result is pursued by
measuring allergen parameters in dust or air. Por mite avoidance, it has
been proven that air measurement of allergens or allergen-related compounds is less reliable. Due to the size of the allergenie particles only a
small percentage of these is airbome7 • Therefore, settled dust is sampled
by vacuuming, and the amount of allergens in it is assessed
immunologically8 •
In approximately 70% to 90% of the floor and mattress samples in WestEurope, D. pteronyssinus is the main species9 • Other Pyroglyphid mites
such as D. farinae and Euroglyphus maynei, storage mites of the families
Acaridae and Glycyphagidae, Prostigmatid mites, and Cryptostigmatid
mites are found irregularly 10 • Storage mites are found more often in rural
areas, but also in houses with local or general moisture problems, which
have resulted in mould growth11 •
Twenty percent of house dust mite allergics are also allergie to one or
more storage mite allergens 11 • This means that for an adequate assessment
a large number of allergens should be determined. In clinical trials,
generally only Der p I or group I (combining Der p I and Der f I) are
measured 12.14. In house dust samples with a predominant D. pteronyssinus
mite population, guanine content was correlated to the Der p I concentration15.18. An accurate measurement of guanine is favourable over a
single (specific) allergen measurement, at least in house dust samples
where more mite species in relevant numbers rnay be expected.
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Guanine is a purine well-known as a component of DNA and RNk lt is
easily detennined in simple fluids. However, the structures in which
guanine is produced by mites' and !he variability in composition of the
dus! extract in which it is found, introduce wme difficulties. In the
present study a comparison is made of four different methods to measure
guanine in house dust, which all cope with these issues in a different way.

Materials and methods
Diazo-colorimetry
In 1973, Gyure" described a colorimetrie determination of purines and
pteridines, including xanthine and guanine. The method involves interaction of the purine with a diazotized sulfanilic acid, which produces a
colonred diazo-guanine complex. For accurate guanine determination a
second set of aliquots of each sample is previously degraded by adding
the enzymes guanase and xanthine oxidase. By deduction of the
absorbance of these aliquots, a correction is made for colaration by the
staining of other guanine-like molecules including other purines and
pteridines, as welf as the dust matrix.
In this method, we extracted house dust samples in 0.14 N sodium
hydroxide/16% methanol, centrifuged at 3800 rpm, foliowed by washing
of the pellet in 16% methanol. All extract phases are lïltered over a paper
filter (Schleicher & Schüll 789/0). The extract is adjusted to pH 8.5 by a
borate buffer to facilitate enzymatic degradation at 30°C for 30 minutes,
in 2 of 4 aliquots. 16% Sodium carbonale is added, foliowed by a freshly
prepared mixture of 0.1 % sulfanilic acid and 5 % sodium nitrite (I: 1).
After 20 minutes at room temperature, absorbance is measured at 490
nm, and compared with similarly prepared guanine standards (0.1-5%,
w/v).
Modifications were suggested to deercase laboriousness. The methad has
been adapted for use in microliter plates. Thus, sample sizes of 20 or 50
mg inslead of 100 to 250 mg were extracted. For comparison of mattress
dust samples only, the enzymatical degradation procedure may be
omitted. Absorbance measurements of enzyme-treated mattress dust
extracts all resulted in camparabie 'background' absorbance, whereas
floor dus! extracts appeared to have a high heterogeneity in background
absorbance10
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Dipstick test (Acarex®J
Bischoff and Schirmacher21 used the same colorimetrie concept to construct a dipstick test. In this test, the diazo-sulfanilic acid is adsorbed to a
paper support. A spoonfut of vacuumed dust is the sample unit. Correction for the dust matrix is nat possible. These factors, tagether with the
Jess efficient interaction between substrate and agent results in a higher
uncertainty in colorimetrie reading. Therefore, readings are only semiquantitative, and results are divided into 4 classes.
High-performance /iquid chromatography
The deterrnination of guanine from house dust by high performance liquid
chrornatography (HPLC) was reported for the first time a few years
ago4·22 . Extraction is performed by shaking with 0.14 M potassium
hydroxide in 20% methanol for 30 sec at 30°C, followed by 2 washing
steps with 20% methanol. Aptly diluted extracts are fittered through a
0.45 p. mernbrane filter. Then aliquots of the sample are injected into a
thermostated (T =25°C) HPLC system, including reversed phase precolumn and 25 cm column (Merck RP8/B). Eluent is an amrnoniumphosphate/methanol mixture (95/5, v/v). Separation lasts approximately I 0
minutes.
Capillary electrophoresis
A navel technique to measure guanine is capillary zone electrophoresis
(CZE). Capillary electrophoresis was developed in the seventies23 , and has
been used in many different research fields, but not for determinations in
dust extracts. Commercial instruments are marketed since 1988, opening
the possibil ity for routine determination of guanine in dust. Same research
was necessary to cornpose an appropriate set of capillary, electrolyte,
detector and voltage"'.
While the extraction procedure of the diazo-colorirnetry methad was
adopted, pH of the extracts is approximately 10. Capillary electrophoresis
in this environment may induce formation of C02 gas bubbles in the
capillary, which would lead to impraper detection. Therefore the injected
sample is mixed with an acid buffer. 0.01 M tartaric acid, adjusted to pH
3 with B-alanine, was selected for electrolyte. A single sample injection
of 5 seconds cornprised of approxirnately 10 nl lîquid. Th is volurne is
separated in 2 to 7 minutesin a 75 or 100 p.m fused-silica capillary, with
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capillary lengtbs of 26.5 and 50 cm respectively and voltage between 30
and 10 kV. Guanine signal was measured by UV-absorbance at 254 nm.

Results
Comparison of validity and reproducibility
We have been executing guanine measurements using all four different
systems described in detail above. Mean deviation of measured guanine
concentrations between duplicate measurements of the same sample was
6.7% in HPLC (n = 10), 6.1% in capillary electrophoresis (n=lO), and
9% in colorimetry (n= 16), indicating no significant difference in reproducibility among the analytica! techniques (Mann-Whitney U test, p > 0.1
for all couples). Dipstick test values of duplicates were in 39 of 40
samples identical.

Experience in handling and the collection of dust fractions were the main
factors of diversity among analysts. Reproduetion of measurements
showed a variation coefficient of 9.5% in HPLC (n= 13, 2 analysts), 17%
in capillary electrophoresis (n = 5, 2 analysts), and 7.2% in colorimetry
(n=8, 2 analysts). These differences are not significant (Kruskal-Wallis
one-way ANOVA, p=0.3).
In capillary electrophoresis, approximately 20 samples of a series of 96
appeared not measurable in duplicate with acceptable difference, i.e. less
than 30% deviation. In some cases, no peak was detected, in others the
peaks where split in two or more peaks, with varying detection time. To
be sure that this phenomenon was related to the sample and not depending
on (e.g.) time, slight changes in eluent or temperature, series were
repeated. The results were identical, with the same difficulties in reproduetion for only those samples. Due to mechanica} fai1ure of the CZE
apparatus, including leakage, blocked autosampler, and eurrent breakdown, determinations were more time-consuming than expected.
Guanine values were recalculated to dipstick test steps. Por 11 out of 13
samples dipstick test value and HPLC-guanine measurement agreed
completely. The two other samples differed one step. Colorimetrie values
agreed for 13 out of 16 samples with the expected dipstick test step, in
one case colorimetrie values were two dipstick test steps lower than
expected.
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Comparison of costs: equipment, non-durable materia/s, time
of handling
The four guanine determination methods were compared on costs to be
made for apparatuses, non-durables and reagents that have to be pur. chased specifically for this purpose, and Iabour cost. At 2,000 samples
analyzed in a year, the electrophoresis or HPLC equipment is used to a
third of its capacity, while readjustment of the equipment to other analyses take time. At 10.000 samples per year the equipment should be
considered fully occupied, so no other analytica! determinations can take
place. One technician is also full-time occupied with this amount of
samples in both the CZE and the HPLC-method, while 2.5 technicians are
required full-time for the determination of 10,000 samples per year using
AZO-colorimetry. Skill and surrounding facilities could reduce Iabour
time, a factor comparable for all four methods. Labour costs are set at 40
ECU per hour, including technician wage and overhead personnet cost.

Table 1. Costs of guanine analysis in ECU. Ca/culations assume 2,000 {10,000)
analyses per year. Material refers to columns, etc. that are wasted and renewed
in /ess than 5 year.

Discussion
In allergen avoidanee trials and for screening purposes, guanine assessment is useful. It offers a universal measure for the presence of mites and
mite allergens. In general, it rnay be combined or followed with' a more
specific technique that indicates the mite species responsible. To this end,
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determination of the number of living or dead mites, or (a set of) monospecific immunoassays can be used.
Little is known about the effects of detergents, acaricides and allergen
denaturants, that are used on carpets and other textiles, on the measurement of allergen parameters in dust. Woodcock showed that tannic acid
may induce an underestimation of allergen content. Our group (this thesis,
chapter 4.3) found that cat allergens could not be estimated correctly in
house dust using monoclonal BUSA's in the presence of a cat grooming
emollient. The difficulties we encountered with capillary electrophoresis
may be based in part on the variabie nature of the dust extract. The
HPLC technique was apparently less sensitive to differences in the
extract. The influence of sanitary cleaners and other substances used at
home on whatever technique is used, should be studied further, to avoid
systematic faults in the measurement of guanine in dust.
Repeatability and reproducibility bas been determined in different samples
for each analytica! technique, so camparisou of techniques may be biased
by unequivalency of the sample set.
The repeatability and reproducibility of all analyses in house dust are
mainly determined by the way the duplicates are selected from the dust
sample. The quantitative diazo-colorimetry includes more handling than
the other techniques, which may induce faults. The reproducibility
depends also on the reliability of the apparatus, which was not fully
dependable in the case of our electrophoretic analyses.
The assessment of guanine as a measure of mite allergen can be performed as either a screening or as a quantitative determination. The
dipstick test provides a quick but rough estimate of the guanine content.
The large methodical error is overcome by a crude sealing in four steps.
The choice between one of the three truly quantitative methods described
in this study, i.e. HPLC, CZE, and diazo-colorimetry with enzymatic
correction, depends largely on investment in equipment, quantity and
frequency of samples and desired dependability.
From the data we have collected we conclude that the HPLC-method is
the most reliable and accurate technique at the moment. The CZEmethodology and equipment may be improved considerably, and may
become more reliable and useful in future. Equipment casts are still high.
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For low-budget facilities the diazo-colorirnetry is a dependable technique,
but tirne-consurning and labour-intensive.
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2.3
Allergen Der p I and guanine production
of house dust mites Dermatophagoides
pteronyssinus in a semi-natural environment
L.G.H. Koren®, C.H.M.M. de Bruijn*, and J.E.M.H. van Bronswijk®.
®Interuniversity Task Group 'Home & Health', Eindhoven University of
Technology & Utrecht University; ·Faculty of Chemical Technology, Eindhoven
University of Technology, The Netherlands.

Summary
Hygienic limits for mite allergen exposure are established on empirical
grounds. The correlation of mite numbers, guanine content and allergen
Der p I or group I content in house dust is sametimes obscure. The aim
of this study is to determine the ratio of newly produced allergen Der p I
and guanine per mite per day in a controlled environment.
In a semi-natural test system, house dust mites (D. pteronyssinus) were
incubated on soiled carpets at 75% and 80% relative humidity (rH) for 2,
4, 6, and 8 weeks. Guanine and Der pI production per mite per day was
calculated by determination of the guanine and allergen Der p I content of
the mite substrates, and integration of the counted number of live mites
per incubation period.
At 75% rH, meanDer pI production per mite per day was 0.5 ± 0.1 ng.
Guanine production amounted to 15 ± 4 ng per mite per day. The allergen production was lower than expected from literature data, which may
be related with a different diet. The ratio between the geometrie means of
Der p and guanine I in these experiments is 1:50 on the average. This is
remarkably lower than the ratio between the internationally accepted
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hygienic limits in house dust for these compounds (1 :300). Increasing
humidity to 80% rH did not result in significant production changes.
Differences in production and degradation of allergens and guanine, under
different indoor conditions will account for the deviation in their mutual
correlations, thus influencing the usefulness of these parameters in
exposure assessments and decreasing the validity of generalized hygienic
limits in individual cases.
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Introduetion
Dornestic mites have gradually been world-wide accepted as important
allergenie sources, causing asthma, rhinitis and atopie dermatitis. In house
dust, Dermatophagoides pteronyssinus is often the most abundant mite,
but several other mites with generally different alJergens may he found
there as went. For an adequate treatment of the homes of mite-allergic
patients, it is· essential to obtain a correct, localized assessment of the
intensity of exposure to mite allergens. The distribution of mi te populations and mite allergens over the dwelling is not uniform2 • Usually the
bed is a prime location, however, not in all cases 3 • In some dwellings
only one room or even one small rug or chair may be heavily infested.
On wall-to-wall carpets the distribution of mites and allergens may differ
equally from place to place. Thus, local exposure may be intensive while
overall exposure is low4.
Due to the comparatively large size of most mite-allergen associated
particles, house dust vacuumed from textile materials and other indoor
surfaces is used for exposure assessment. The parameters that are
employed to measure mite allergen exposure in dwellings include the
number of dead or live mites, amount of guanine and of one or more
specifie mite allergens. Der p I and Derf I are most widely used in this
sense because of the frequently observed sensitization to these allergens in
patients5•6 •
Mites extracted from dust samples are a small and relatively uncertain
part of the mite population present. Live mites are only vacuumed off
when they are associated with loose dust particles. They are quite able,
probably by using their terminal leg suckers, to withstand vacuuming
while crawling on stationary fibres of the textile. It is estimated that less
than 10% of the living mites are extracted from a carpet by vacuuming7 •
Dead mites are not resisting vacuuming, but mechanieal destruction of the
exoskeleton may cause mites to remain undetected. Thus, the number of
dead mites found in dust will be a function of the frequency of disturbance by humans or pets. Development of fungi and bacteria will also
decrease the number of identifiable mite bodies.
On the mutual correlation of mites, guanine and allergen Der p I many
researchers have publisbed data derived from dust samples8•15 • The
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amounts of allergens and guanine in dust samples are not equal to the
amounts that are becoming airhome after a disturbance of the carpet,
mattress or other textile material, and they are a fraction of the amount of
mite allergens and guanine that are stored on the sampled location. The
parameters measured from dust samples give all a different size of
exposure, and may complement each other in doing so 16 •
In order to gain insight into the factors that influence the correlation
between exposure parameters, the number of live mites has been determined, the amount of allergen Der pI, and the amount of guanine from a
mite population developing in a semi-natural system17•18 • All three parameters were determined every two weeks during two months. Age structure
of the developing populations was analyzed to make a comparison with
stabie populations in objects in dwellings 19•20 • Finally, the mean allergen
production per mite per day was deduced from experimental data and
compared with calculated values publisbed earlier.

Materials and methods
House dust mites Dermatophagoides pteronyssinus were cultureel at 75%
relative humidicy and 20°C on a mixture of roughly milled baker's yeast
granules (Sigma, 1 minute grinding in a mortar), human dander, and a
group of defined mineral components (1:3:4 w/w/w), which resembles
house dust21• On lOxlO cm polyamide/polyester carpet pieces in Petri
dishes 1 g of this artificial house dust was brought, robbed in, and dishes
were acclimatized for two days in desiccators with the elimate conditions
mentioned above. Additionally, identically soiled carpet pieces were
incubated at 80% rH. Then 50 mites from developing stock cultures were
placed on each piece. Due to their size no larvae were picked from the
stock cultures. Populations were allowed to develop for periods of 2, 4, 6
and s· weeks. Every two weeks, air was refreshed to prevent accumulation
of carbon dioxide and other volatile waste compounds 18 •
The number of mites of the resulting population was counted using a heatescape procedure as described by Bischoff et al. 22•23 • Carpet roodels were
placed for 90 minutes on a heating plate at 60°C. Over the soiled carpets
a layer of rough synthetic fabric was laid, to which a transparent adhesive
film was attached. Mites were identified under a binoenlar microscope at
10-40x magnification. Recovery measurements of this heat escape pro50
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eedure showed that 34% (± 10%) of the incubated mites were refound in
our setup.
Der pI concentration of 4 duplicates per time period of both 75% rH and
80% rH was measured by a sandwich ELISA after Luczynska et al. 2\

using monoclonal antiboclies provided by dr. Chapman (5H8 and 4C1).
The guanine content of the substrate before and after incubation was
measured by capillary electrophoresis25 •
For statistica} analysis, the Mann-Whitney U test was used. Significanee
of correlations was measured by t-tests on the observed Spearman rank
correlation values26 . Significanee level was set at 5% .

Results
Popu/ation development on soiled carpet in a semi-natura/
system
The numbers of live mites detected by heat escape on the carpet pieces
increased at first only slightly, but later exponentially. On 20 carpet
pieces per incubation period, population increased from 50 incubated
mites to a geometrie mean number of 308 live mites after 8 weeks. In
these 8 weeks the population is doubled every two weeks. A longer
incubated series led to a further 20 times increase after 24 weeks, which
means a doubling in every 5 weeks in the interval between 8 and 24
weeks (figure 1). Assuming that the 34% recovery rate is also applicable
at these high mite numbers, this would indicate a total of more than 8000
mites per 100 cm2. Identical experiments at 80% rH and 20° C indicated
a similar development, however, all rates except those at 6 weeks are
somewhat higher. At 8 weeks a significantly (p = 0.05) larger population
is found. No significant difference between population size at 75% rH and
80% rH was shown for the other intervals.
The detected mites were divided into three age groups: larvae, nymphs
( =protonymphs and tritonymphs added), and adults. Of the 24 weeks
incubation, no stages were determined. Age structure varied in time
(figure 2A). After the first interval almost no nymphs were found, due to
the fact that the 50 incubated mites were nymphs and adults; In the first
two-weeks time segment all incubated mites will mature to adults. Produced eggs will develop in one week to larves, and only after two to three
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weeks to protonymphs27 • The age structure of populations at 80% rH is
similar (p ~ 0.05) to the age structure at 75% rH for every incubation
perioc;l (figure 2B).

10000

1000
Cl)

Q)

E
Q)

>

100

10
5

L-----~----~----~----~----~----~

0

4

8

12

16

20

24

weeks

Figure 1. Popu/ation development of
artificially soi/ed carpet pieces at 75% rH
fine), ?0°C. Geometrie mean of the total
escape procedure. Vertica/bars indicate
and adults) incubated at t = 0.

Dermatophagoides pteronyssinus

on

(e, so/id fine) and 80% rH (0, dashed
number of live mites detected by heat
range at 75% rH. 50 Mites (nymphs
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dust
The production of Der p I and guanine in time foliowed an exponential
curve. Correlation between Der p I and guanine in the experiments at
75% rH was 0.71 (p<O.Ol) (figure 3). At 80% rH the correlation
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coefficient was 0.60 (0.01 <p<0.02). The geometrie mean ratio of
guanine and Der p I found in the mite substrates from our experiments is
49, ranging from 4 to 250. This is remarkably lower than the ratio
between the hygienic limit in housedustof guanine (0.6 mg/g) and Der p
I (2 /hg/g), which consistsof a factor 300.
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Figure 2. Age structure of populations of Dermatophagoides pteronyssinus on
artificially soiled carpet models at 75% rH (AJ and 80% rH (8) and 20°C after
2,4,6,8 weeks. 50 mites (nymphs and adults) incubated at t = 0. Geometrie
mean number of live mites of age group on vertical axis. /talie figures on
columns indicate percentage of mites per age group in the total popu/ation. Mite
numbers are corrected for the extraction efficiency of the heat escape method.
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Figure 3. Allergen Der p I content versus guanine content of mite cultures at
75% rH (e, straight fine} and 80% rH (0, curved line).

To make a crude estimation of the total bioactivity of the mites, we calculated mite days as the sum of the number of live mites of a specific age
group over a certain period. The numbers of detected mites were modified for the measured percentage of recovery of mites with a factor
100/34. As only valnes after two-week intervals were measured, the line
of best fit of each age group was determined, and these curves were
integrated. Except for the first interval, all three age groups appear to
make comparable contributions to the total number of mite days (figure
4). The number of mite days at 80% rH is, due to a small relapse at 6
weeks, lower than the value at 75% rH.
Total mite days were used to calculate the allergen and guanine production per 'average' mite per day for each period (table 1). The valnes of
the first interval are in all cases higher (up to 4 times) than valnes from
later (2-4, 4-6, and 6-8 weeks) intervals. The mean allergen Der p I
production per mite per day over these later intervals was 0.19 ng ±
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0.09, at 75% rH. Mean guanine production was 8.9 ± 4.0 ng per mite
per day.

Figure 4. Mite days of starting populations of D.pteronyssinus at 75% and 80%
rH per age group.

Table 1. Average allergen Der pI and guanine production per mite per day (standerd deviation in parentheses}, derived trom allergen and guanine concentration
in mite cultures and the total number of mite days per incubation period.
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Discussion
Semi-natura! experiments as performed bere are camparabie to the
dwelling situation in many ways, but nat in all. Por instance, the fluctuation in air humidity in dwellings is not mimicked. However, this may be
less important than it looks. The mites depend on a high humidity in their
niche. The niche humidity is a function of the air humidity and of the
humidity of the substrate. The textile material and the settled dust act as
buffers. Thus, deskcation of the niche will take several days to weeks,
depending on the size of the difference in humidity, and mite growth is
therefore almast independent of short-lived humidity fluctuations.
The applied, uniform temperature is representative for most (parts) of the
floors. However, locations at the ground floor and near outer walls may
have a temperature gradient, which also generates a humidity gradient. To
what extent this will influence mite procreation and allergen production is
unknown.
Mite populations on our artificially soiled materials increased more slowly
than camparabie populations on liver, on mixtures of yeast and wheat
germ flakes, or on human dander and yeast28-30 • Apparently, the house
dust mimicking materials used are somewhat less than optima! for mite
growth. The age structures of settled mite populations in Glasgow homes,
determined by Colloff0 , appeared to vary in an unpredictable way. The
most camman situation for D.pteronyssinus was a population that contained more immatures than adults, the number of eggs usually being
intermediate. In present experiments dominanee of age groups rotates, but
the number of immatures is likewise dominant in all periods.
Allergen and guanine production in the two-week period appeared higher
than in the langer periods (table 1). This may be explained by inadequate
estimation of mite days in the first interval. In this phase the line of best
fit will differ more from reality than in the more stabie later intervals.
Therefore, results of the first 2 weeks are nat representative for the
existing allergen-guanine relationship.
Tovey et al. 31 found that 6 to 40 faecal pellets per mite per day were
produced by D.pteronyssinus mites under optima} conditions. These mites
were incubated on liver powder at 24 oe and 75% RH. The average size
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of the faecal particles was 22 ~-tm and the calculated allergen content per
sphere was 0.12 ng. Platts-Mills et al. 10 found an average value of 0.18
ng per particle. Thus, a mean mite would produce at least 0. 72 ng per
day, which is still 4 to 5 times higher than the results we found.
Factors that may partly be responsible for the difference in produced
allergen per mite per day are the temperature and the type of substrate.
Unpublished experiments with mites on 5 different protein-rich substrates
indicated no large differences in guanine production between one and the
other. Age structure seems to be comparable. The difference in ambient
temperature of 4 degrees between present experiments and those of
Tovey31 may indeed be responsible for a significant difference in
bioactivity. A minor factor is the contingent of live mites that were
included in the extracted substrate. Although the allergen content of live
mite bodies is not easily eluted, damaged dead mite bodies may add to the
allergen reservoir; Per mite a value of between 0. 75 and 1.85 ng was
found 33 •
The guanine/allergen Der p I ratio found here is 49. This differs significantly from the ratio of 300 between the accepted hygienic limits for
allergen exposure: 600 /-tg guanine versus 2 /-tg allergen Der p I per gram
dust. The assumption that this difference is due to degradation in the dust
is hard to embrace: From the pubHeation of Kort and Kniest32 the inertia
of Der p I levels in house dust, or at least some of the antigenie determinants on Der p I, became clear, levels remaining stabie for at least 4
years. From a biochemical point of view, at least equally stabie properties
may be expected for guanine, though no literature data are available.
However, in a house dust ecosystem, the stability could be different under
specific conditions for temperature, humidity, and texture and composition of the dust. This is an interesting subject for future studies.
The differences in production values found here and those of literature
data seem to indicate that the life circumstances of the mites influence
their allergenie importance. Furthermore, exposure assessments may be
less adequate when conditions are beneficial for fungi, bacteria, or other
organisms that will degrade the proteinic allergens faster than the chernically more or less inert guanine. Further studies into the bio-activity of
house dust organisms and the degradation mechanisms of allergens and
guanine under (semi-)natural conditions are wanted to increase the
reliability of hygienic limits.
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CHAPTER 3
Modelling the home environment
Allergen avoidanee in homes consists often of a sanitation plan, combined
with a well-documented inquiry including e.g. medication, allergie
symptoms, and psychosocial changes of the subjects. The influence of single
intervention steps is obscured by the multitude of changes. For that reason,
semi-natural Iabaratory models are developed, that allow a valid and
reproducible assessment of the 'pure' efficacy of measures against mite and
fungus allergens, including different types of pesticides and cleaners.

3.1

Simulating dwelling conditions for mite population
studies, a laboratory model.
L.G.H. Koren. An earlier version was published in: Proceedings of
the 1993 Congress ofthe Netherlands Entomological Society 4,151156

3.2

Suitability of furnishings-in-use for mite population
development.
L.G.H. Koren, M.D. Eckhardt. Published in: Mites, Asthma and
Dornestic Design Il. Ed. by E.R. Tovey, A. Fifoot, L. Sieber. Sydney
University, Sydney, Australia 1995. pp.48-51

3.3

Fungi and mites on humid indoor walls. A laboratory
study.
L.G.H. Koren, H.S.M. Kort. to be submitted
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3.1
Simulating dwelling conditions for mite
population studies, a Iabaratory model
L.G.H. Koren
Interuniversity Task Group 'Home & Health', Eindhoven University of Technology
& Utrecht University, the Netherlands

Summary
A semi-natural laboratory model was developed, in which the development
of mites in dwellings may be studied. Optimum and minimum conditions of
4 different organisms, representative for 2 groups of mites living in
dwellings, were determined on 4 different subsoil materials with 2 types of
artificial soiling, thus representing floors, textile surfaces and walls. House
dust mites develop readily on wood, gypsum, carpet, or mattress models,
soiled with a mineral/organic mixture (1:1) at 75% relative humidity and
room temperature, but not at 60% humidity or on a light 100% organic
soiling. On that material storage mites prosper in the presence of fungal
growth, and when humidity is sufficiently high. Use of acaricidal products
resulted for two acaricides in a decreased population; Of a third product no
reducing effect could be determined. However, prolonged incubation resulted
in a thriving population in 4 out of 8 tests, despite an almost complete
eradication in the 8-week test. Studies in dwellings corroborate these results.
As it is possible to set parameters like temperature, relative humidity,
subsoil, soiling, type and number of species and coappearing organisms, this
model is useful for the stationary simulation of many different dwelling
conditions for mite population studies.
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Introduetion
In dwellings, house dust mites and storage mites inhabit the soiled surfaces
of floors and furniture 1• Recently it has been discovered that both groups
also live on different types of walls 2 • These organisms affect the health of
inhabitants by producing allergenie substances, and some disfigure textiles
and wall materiaL They can only prosper under favourable conditions, which
means a high relative humidity and usually a temperature between 20 and
30°C. The elimate in dwellings often satisfies these requirements. Each
species bas a specific range of temperature and humidity, in which
reproduetion can take place, and each bas its own requirements for the
substrate, for both nutrition and niche.
Reduction of dornestic mites is pursued by dissatisfying vita! conditions,
including indoor humidity, niches, and by mechanical or chemica! intervention. The mechanisms and efficacy of each procedure may be studied in
dwellings, which is less reproducible as compared to direct-effect tests.
These direct-effect tests, however, lack in validity, since dwelling conditions
are disregarded.
A semi-natura! environment should be developed that resembles in many
ways the situation in non-industrial buildings. In 1988, Schobe~ of our
working group began with a setup for semi-natura! testing the efficacy of
acaricides on mites. In the present study, the description and validation of
the model has been continued by taking acaricides that are already on the
market for several years, so there are comparative studies in the field to
validate it with.
In the model, the population growth of mites may be followed, and, unlike
the circumstances in buildings, the installed components and conditions are
in all experiments identical, thus rendering more reproducible results.
Furthermore, the effects of varying one parameter may be analyzed in this
controlled environment.

Materials and methods
As heart of the semi-natural environment a piece of material was chosen of
10 by 10 cm, 6 to 10 mm thick. The material of each piece is representative
for a furnishing or finishing material used in dwellings. We have taken four
64

chapter 3.1

different materials: unfinished deal-wood, gypsum building board without
protective paper, both representing wall material; polyamide carpet with a
polyester foam cover; and a hand-made mattress model, compiled from two
layers of polyurethane foam, 4 mm thick, between two layers of an acetate/
viscose mattress tick, which are stitched with zigzag stitches along the edges
and straight stitches across the surface3 •
The soil layer that is found on horizontal surfaces in dwellings is mimicked
using 0.5 to 1.0 g artificial dust that is spread over and pressed into the
surface of the test piece. The dust consists for 50% of a mixture of mineral
and organic powders, as used in carpet industries for cleaning tests, and 50%
nutrient material, i.e. 1 part milled yeast and 3 parts dander. Thus, the
artificial dust has a texture and chemica! composition as might be found in
floor or mattress dust4 . This composition i.s much less representative for wall
surfaces. These surfaces have a lower storage capacity and only light,
airhome dust is found here. Por wall surfaces, a largely organic artificial
soiling is more suitable. In an experiment with a yeast/vegetable extract mix
with a defined composition (Marmite), this substrate, 0.2 g per piece, was
tested for its qualities as a medium for culturing house dust mites and
storage mites. In dwellings these latter mites mainly feedon fungi; Therefore
the development of fungi on this type of soiling has also been examined.
The test pieces are laid in Petri dishes, which are subsequently covered with
a poplin (batiste) fabric. Quickfooted organisms are kept inside by applying
a sticky substance (Tangle Trap, ,Tanglefoot Cy., Michigan) to the upper
edges of the dish. The test environment is restricted to airtight polythene
bags (Polypax, Baarn, the Netherlands, air exchange 1 g/m2/24hrs). Relative
humidity inside is constant, due to a beaker with a supersaturated salt
solution and a moisture buffering cardboard. The bags are placed in a
thermostated room. Temperature and humidity are checked by a hair hygrometer and a hygroscope (Rotronic AG, Zurich, Switzerland) that is placed
in one of the bags. Eight dishes may be stacked in each bag. Values for
relative humidity (rH) and temperature in our experiments are respectively
75% (± 2) rH and 20 (± 1)°C.
Before incubating organisms, the system is acclimated for two weeks. A
pilot study showed that the relative humidity of the materials, depending on
the original humidity of the material, reaches equilibrium after two to four
weeks. The incubation period of the organisms varies depending on the rate
of development of the species at the established temperature and humidity.
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Of house dust mites, species Dermatophagoides pteronyssinus or D. farinae,
50 individuals are randomly picked one by one from a developing culture.
The mites are usually raised on a nutrient medium equal to the soiling
substrate. This reduces the number of mites that is unable to adapt to the
new conditions. Under favourable circumstances, fungi-feeding slorage mites
of the species Glycyphagus domesticus or Tyrophagus putrescentiae develop
more quickly than house dust mites. Only 20 organisms of these species are
incubated to prevent overcrowding at the end of the incubation period. In
only a few days the mites accept their niche.
The population development lasts until 8 weeks after application of a
measure. Under normal conditions this period is approximately two life
cycles of bath storage mites and house dust mites'- Dishes are venlilared
every two weeks to avoid accumulation of carbon dioxide and other volatile
pollutants. All tests are run in duplicate and in two series, separated in time
and space. Blanks are added for both the determination of undisturbed
population development and the situation with no inoculations.
The development of the mites is determined by counting, usually after a
heat-escape method 3 • In this procedure each test piece is covered with a
transparent adhesive plastic sheet, and is placed on a 60oC plate. The living
mites flee from the heat to the top and stick to the adhesive cover. The
number of living mites is counted on !he sheet. The dust layer may be vacuumed off for assessment of the quantity of allergens or of guanine, which
gives information on the bioactivity of the mites that lived on the test piece.
The rate of development of inoculated or contaminating fungi is determined
by a visual quantification of the two-dimensional growth of hyphae. A
microscope at IOx magnification and a lOxlO cm grid is used. Of each
square cm of the test piece the area of fungal growth is graded as: 0 (no
visible fungal growth), I (light fungal growth, 1-50% of the surface covered
with hyphae) or 2 (heavy fungal growth, 51-100% surface covered).
The significanee of results is determined with a non-parametrie two-sample
test, e.g. the Mann-Whitney U test. Limit of confidence is set at p = 0.05.

Results
Starting with 50 mites, 8 weeks after incubation 100 to 700 house dust mites
may be found on undisturbed standard test pieces that are soiled with
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artificial house dust. The type of subsoil material is usually not important,
though wooden pieces with resinous spots may enhance growth. Acclimatisation for I week of the gypsum pieces prior to mite inoculation resulted in
extinction of the population. Populations of D. pteronyssinus mites in a 55
to 60% rH environment did nat survive 8 weeks of incubation. Storage mites
Glycyphagus domesticus are developing at 75 to 80% rH al similar speed as
D. pteronyssinus, 100 to 400 mites could be found.
On wood and gypsum board pieces soiled with organic material, thus
representing wal! surfaces, Aspergillus repens was inoculated (I million
spores in 0.1 ml water) and after 6 weeks 50 mites, either D. pteronyssinus
or G. domesticus, were added. 8 weekslater mites and fungi were counted.
On the soiled not-inoculated pieces, contaminating fungi (Aspergillus and
Penleiilium species) were growing, only 10 to 20% less than the inoculated
A. repens. House dust mîtes seem not to favour this material, whereas
slorage mites are prospering (lable 1).

Ta bie 1. Development of fungi Aspeqp1/us repens (Saccardolr storage mites
Glycyph8gus damesficus !De Geer), and house dust mites Dermatoph8goides
pteronyssinus fTrouessartJ on wood and gypsum board sofled wi'th a yeast/

vegetable extract má. Fungal growth area [minimum = 0; maximum = 200,
4 measurementsr 14 weeks incubatedj and mite numbers (minimum =

average of

0, maximum

=

840, median of 4, 8 weeks incubated), "" at 20 •c and 80%

relative humidity.
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The semi-natural system was used to predict the acaricidal efficacy of some
products that were sold as acaricides under home circumstances. Model
mattresses were soiled with 1 g artificial mattresslfloor dust, and
development of D.pteronyssinus was foliowed after treatment with either
Tymasil (3.33% natamycin) or Allersearch (benyltannate alcohol complex)
or Acarosan (wet powder formula, containing 5% benzyl benzoate). Eight
weeks after treatment, development varied per product (figure 1). Tymasil
had no effect on D. pteronyssinus compared to undisturbed development,
whereas both Allersearch and Acarosan did decimate the populations
significantly (p=0.03 and 0.014 respectively).
In a prolonged experiment, mite development was foliowed for 24 weeks.
Blank development varied from 1400 to 6000 mites, whereas the treated
populations showed a much wider range. Only treatment with the Acarosan
formula resulted in a significantly lower development than the blank
(p=0.014).

Figure 1. Median number of living mites D. pteronyssinus , 8 resp. 24 weeks after
acaricidal treatment. Temperature was 20°C, relative humidity was 75%, starring
number of mites was 50. Vertica/ bars indicate range.
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Discussion
In studies in dwellings house dust mite populations increased at humidities
over 12 g/m3, which is equivalent to approximately 70% rH at 20°C, and
diminished under this value5•6 • Our semi-natural results are in accordance
with this fmding. At 20°C, house dust mites thrived on soiled materials
when the relative humidity was 75% or higher, a water vapour concentration
of 13 g/m3. A population of mites in a 55-60% rH (10 g/m3) environment
did not survive 8 weeks of incubation.
In wall samples, the coappearance of storage mites and xerophilic or
mesophilic fungi was elucidated2 • House dust mites were found in only a few
samples. Present results indicate that the light soiling of walls are less
favourable for house dust mites. The lesser shielding capacities of this niche,
as well as the presence of fungi may contribute to the reduced vitality of the
population.
Contaminating fungal growth appeared on all test pieces. The fungi affect the
mite populations, and thus the outcome of tests. Prevention of this phenomenon by sterilization of the subsoit and dust bas up to now been impossible,
as all sterilization techniques (heat, alcohol, microwaves) affect the nutritive
and sheltering capacity of the materials. The introduetion of a standardized
amount of fungi will decrease the variability of the results.
The semi-natural model may at present only be used for stationary situations.
Parameters like temperature and relative humidity may be set at will. For
instance, to model a basement floor lower temperatures and higher humidities than the values used bere are more appropriate. The first results with a
day cycle experiment by de Boer1 stress the need of the combination of a
semi-natural and dynamic model.
Cantroversial results were obtained with acaricides in dwellings. Acarosan
powder e.g., was determined to be both an efficient mite killing agent8 , and
a non-effective one9 • In present paper both decimated and relatively thriving
populations were found after treatment in identical situations, just depending
on the time of observation. This indicates that the product may have a more
limited effective time-span under optima! mite conditions than the period
claimed by the manufacturer (6 months). The results from these experiments,
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corroborated by results obtained from dwellings, confirm that our model is
a useful tool for mite studies in dwellings.
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3.2
Suitability of furnishings-in-use for mite
population-development
L.G.H. Koren & M.D. Eekhardt
lnteruniversity Task Group 'Home & Health', Eindhoven University of Technology, Eindhoven, the Netherlands

Allergies due to habitation
Dornestic mites have been found to contribute substantially to the
inititation and progress of allergie diseases like asthma, rhinitis and atopie
dermatitis. Populations of house dust mites and starage mites are found
indoars in mattresses, on carpets, in chairs, couches and in clothing. To a
lesser extent they are found on walls, on hard-cover floors· and on
ceilings 1•2 . Apparently the most popular niches in homes are furnishings
that contain textile parts. What are the criteria for an indoor habitat to be
suitable as a niche for mites? Of course, the presence of dust is essential.
The process of human habitation results in the creation or introduetion of
dust, including the production of human and pet dander, the release of
textile fibres, wall particles and other ite~s. and the introduetion of street
dirt. 1t is conceivable that the amount of dust in a house reflects the
number of people that live there. In Europe, the size of the houses is
getting smaller, following the average size of the families. However, what
happens when a larger family lives in a smaller house? In Dutch cities
this is aften the case, while there is ·a shortage of suitable homes.

Survival of mites in homes
Suitable relative humidity and temperature in the niche are two criteria to
be fulfilled for the development of noxious sizes of a mite population.
Temperature should mostly be between 10 and 30°C, and humidity
preferably between 60% and 85% relative humidity (rH) for house dust
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mites, while storage mites want a somewhat higher humidity range3 . In
many Dutch homes such circumstances are found. Schober4 displays the
interaction of macro-climatical parameters such as ventilation and thermal
insulation on the microclimate.
The beneficia} features of textiles are found in the factors food, shelter,
and buffering of temperature and humidity fluctuations. The fibre strocture of synthetic and natural textiles alike, retains the continuously
precipitating dust particles. In case of carpets, the keeping of dust by
carpeting is an intended design to prevent the carpet from looking filthy.
The dust layer in the textile adsorbs water vapour, fluther equals out air
temperature changes, dims sun light and provides refuge against predators. The dust in textiles also offers nutrition. While natural fibres may be
in themselves food for mites, synthetic fibres attract within two to six
months enough dust to be just as suitable for mite colonization as natural
fibres 3• Nevertheless, insome parts of Europe and the United States most
mites are found in matresses and other bedding material, whereas in other
countries, such as the United Kingdom and the Netherlands, the largest
mi te populations may be found in carpets5 •

Semi-natural mite development tests
What influence does nutritional variation of dust have on mite development? In laboratory cultures, mite development is known to depend on the
substrate offered. Exotic nutrients such as dog food, dried daphnia and
fresh liver are all capable of raising large house dust mite numbers,
although it has been proven difficult to determine definite reproduetion
factors 6•7 • Dander of pets and humans appeared also competent nutrients8 .
St. Georges-Gridelet9 showed that differences in lipid composition of the
substrate are important. Furthermore, the presence of about 6% of 'fat'
appeared optima! for the rearing of Dermatophagoides jarina~.
A semi-natura! experiment10 was performed in our laboratory using
vacuumed dust samples from 20 objects in 8 different houses, either
carpeted floors or mattresses. Experiments were performed in quadruples
in two series. After killing possibly present mites by heating of the dust to
60°C for 6 hours, aliquots of the samples were rubbed into lOxlO cm
pieces of carpets and mattresses respectively. The carpet pieces were from
a common polyamide carpet, the mattress models were self-made from
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two layers of polyether between two layers of mattress tick, that were
stitched tagether along the edges, and over the two center lines 10 • The
soiled materials were acclimatized at 75% rH and 20°C for two weeks. 50
Live mites of D. pteronyssinus were picked at raiJdom from stock cultures
fed on human dander, yeast and test dust 11 and placed on the pieces.
Incubation under the described elimate conditions lasted for 8 or 13
weeks. At the end of that period, the number of mites was determined by
a heat escape procedure as described by Bischoff et al. 12 • Recovery
experiments showed that 34 ± 12% of all mites applied one to three days
earlier were found on the sheet, when carpets were examined 13 • On
mattress models, the fine dust appeared to inhibit many mites to reach the
adhesive layer, which was placed over the pieces on top of a synthetic
cloth with pores of approximately 1 mm. Here, only 4% ± 2% of the
mites were recovered. Thorough visual checking of the mattress roodels
after heat-escape revealed that also in the mattresses incubated for 8 or 13
weeks, a low quota of the population was recovered. For a somewhat
coarse indication of actual population size, the median of 4 replicate tests
was multiplied by 3 or 25 for respectively carpets and mattresses.

Protein in different types of dust
Many different types of protein appear in house dust 14 • The protein
content of the dust samples of mattresses and carpets was measured before
incubation. The samples were extracted by shaking for 24 hours at room
temperature in 0.5 M NaOH. Filtered extracts were diluted with aqua
destillata and measured using a Peterson modification of the Lowry
assay 15 • Results were adjusted for guanine, which was separately
measured using capillary electrophoresis.
Mite population rose to a median of 70 (range 25 to 175) after 8 weeks
on mattress. In genera!, the initial development is slow when house dust
mites are incubated in a different medium, probably since they have to
generate new enzymes, possibly allergens, to digest W6 • After 13 weeks,
a median of 250 (range 50 to 1400) was reached. On carpets, a median of
only 6 mites survived, both after 8 weeks (range 0 to 225) and 13 weeks
(range 0 to 456). When we look at the relation of population size and
protein content in the 20 different samples, it appeared that the amount of
protein in the dust is critica} for the development of the rnites (figure 1).
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Figure 1. The size of house dust mite populations living on smal/ carpets and
mattresses soiled with floor and mattress dust vacuumed in 8 different homes,
in relation to the total protein content of the applied dusts. Initia/ popu/ation
(dotted fine) is 50 mites D. pteronvssinus, incubated at 2(J'C, 75% rH. Popu/ation size determined alter 8 and 13 weeks.

Relation between mite allergens and dornestic
circumstances
Below a limit of approximately 110 mg protein per g dust almast no mite
development is seen. The majority of carpet samples contained less protein than that. The concentration of protein in carpet dust is significantly
lower than in mattress dust (Mann-Whitney U test, p<0.05). This is
understandable while a major part of the dust in mattresses is human
dander, which is protein-rich. The influence of dornestic circumstances is
obvious. Five of the 6 lowest protein contents are found for living room
floors, while the 3 highest are from bedroom floors. Intermediates
included also hall and stairs samples. The number of inhabitants of the
houses (range 3 to 8) appeared not to be related to the protein content of
carpet samples (Pearson rank correlation + t-test, p > 0. 05), even when
this number was adjusted for the size of the house (ranging from 28 to 85
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this number was adjusted for the size of the house (ranging from 28 to 85
m2 floor surface). However, the 5 mattress dust samples with the highest
protein content were all from beds occupied by two persons, whereas
three of the lower ones were singly occupied. An explanation for this
phenomenon may be given by Colloff17 , who described the suitability of
human semen for mite development.

In conclusion
The protein content of dust in different furnishing objects varies, according to the location and use of the specific object: carpets contain less
protein per gram dust than mattresses, living room carpets less than
bedroom carpets.
House dust mites D. pteronyssinus require dust with a total protein
content of at least 11 % for development. If conditions like humidity and
temperature for a textile object are similar and non-critica!, then the
available protein will determine the success of the house dust mites in it.
High protein contents may occur especially in houses with a high occupant-per-area ratio. The combination of too many persons in too small a
house could induce or increase allergie problems. In such houses not only
a raised humidity but also a higher protein content of the dust will be the
result of inhabitation, both factors increasing the risk of mite allergy.
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3.3
Fungi and mites on humid indoor walls.
A Iabaratory study
L.G.H. Koren, Helianthe S.M. Kort
Interuniversity Task Group 'Home & Health', Eindhoven University of Technology & Utrecht University, the Netherlands.

Summary
The potential allergen souree formed by mites and fungi developing on
walls has been studied in a semi-natural model. Gypsum and wooden
pieces, representing indoor walls, were artificially soiled with one of two
different organic compounds, a yeast/vegetable mixture (Marmite®) or a
red currant juice (Eden®). After acclimatizing to 78% relative humidity
(rH), inoculation of fungi and/or mites followed. Water adsorption of the
10x10x0.6 cm pieces was slower than expected, equilibrium was reached
after 6 to 8 weeks. Visual mould growth (Aspergillus repens or
Penicillium chrysogenum) appeared on soiled pieces after 8 weeks to 5
months, depending on the prevailing humidity. Soiling with Marmite®
caused a more dense fungal growth than soiling with juice. Starage mites
(Glycyphagus domesticus) developed exponentially on all mouldy pieces
resulting in a median value of 234 mites on wood and 404 on gypsum 8
weeks after incubation of 50 mites, whereas house dust mites
(Dermatophagoides pteronyssinus) survived only barely (less than 10
mites after 8 weeks). Starage mites are presumably living pemanently on
mouldy walls, wheras house dust mites are chance visitors. The
fungistatic efficacy of four sanitary cleaners for walls, which were
sprayed on the mouldy test pieces, was compared. Fungal growth
remained high in all 4 cases, which disagrees with earlier publications. A
combination of cleaning and spraying with a fungistatic formulation may
lead to increased efficacy.
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Introduetion
Inner walls of homes are not as smooth and clean as we consider them to
be 1• On a microscopical scale, wooden, plastered, or papered walls are all
rough and covered with small dust particles. A thin layer of mostly
organic material is accumulating continuously from particles in the air in
an occupied space. Beside the substrate material in which nutrients for
mites may be contained, this dust layer supports the development of
fungi. House dust rnites and fungi are well-known indoor allergen
sourees. Storage mites are infamous in occupational allergy. The presence
of storage mites on mouldy inner walls of dwellings will contribute to the
allergenie load in homes2 •
Until recently walls were hardly considered as a living space for
allergenie mites. The surface appeared too dry, too smooth and especially
too poor in nutrients to harbour mites. Kort3 found fungi-eating storage
mites, and house dust mites living on walls. Because of the monotony and
scarcity of the available food present on walls, consisting mainly of fungal
hyphae and spores, house dust mites are not expected to live there, but
are presumed to be mere visitors from heavily infested carpets beneath.
The investigation of characteristics of allergenie organisms on inner
surfaces by inquiry in homes is hard to perform. Micro-environmental
conditions of surfaces differ, due to specific temperature, humidity, wind,
nutritive qualities of the walls and other distinctive factors, lead towards
variabie chances for fungi and mites. The variability in the development
of the organisrns is reduced by controlling these factors in laboratory
simulations. Standardized tests of fungal resistance of various finishing
materials are in general performed at a relative humidity higher than
85%, while the first growth of allergenie fungi will be by xerophylic
species, such as Aspergillus repens or Eurotium herbariorum 1•
Semi-natural laboratory tests on the efficacy of acaricides, fungicides,
cleaning procedures, and other sanitation methods against mites and fungi
on inner surfaces have been performed previously4•5 • In these experiments
an artificial soiling layer is applied on 4 different materials: mattress,
carpet, gypsum and wood. The test dirt used is a combination of substances used in carpet cleaning tests, combined with dander and yeast6 • This
artificial dust appeared representative for horizontal surfaces, which
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become heavily soiled in time, such as mattresses, padded furniture, and
carpets. Uncleaned wall surfaces have a much thinner dirt layer, composed of mostly small particles that stick to the surface. Rough walls will
hold more dust, though electrastatic farces may also cause considerable
dust accumulation on more evenly textured surfaces.
To examine the ecosystem of walls and ceilings, specifically the chances
of survival and development of different types of fungus and mite, seminatura! Iabaratory experiments with two species of fungi and two species
of rnites on two types of artificially soiled wall material. Since we
assumed the fungal growth of these materials to be a requisite for mite
development, avoidanee techniques were concentrated on fungi. Undisturbed growth of rnites and fungi was compared with development when
test rnaterials were treated with four cleansers that are used for the
cleaning of walls.

Materials & methods
The serni-natural metbod described by SchoberA was used, with some
modifications. Por surface material repcesenting walls, gypsum and wood
were used. Spruce-wood boards, approx. 6 mm thick, were cut into
pieces of lOxlO cm. Gypsum plaster board, 9 mm, was also cut into
pieces of lOxlO cm, the protective paper layer being removed. Soiling
was performed by either one of two methods: 300 mg of red currant juice
(Eden-Ware Bad Soden!Ts, Germany) was sprayed toa surface concentration of 30 g/m2 over the test piece, or 200 mg of yeast extract (Marmite,
CPC, Esher Surrey, UK) was dispersed with a spatula over the surface of
the test piece. The crude composition of bath substances is listed in table
1.

The test pieces were placed in Petri dishes (0 15 cm). Over each dish a
poplin cover was laid and attached by a steel fitting ring. The dishes were
placed in air-tight polythene bags, in which a beaker with supersaturated
ammonium sulphate salution and a hurnidity-buffering cardboard ensured
a high relative hurnidity of 78% ± 2%. The bag is closed tightly with
elastic insulation tape and placed in a closet with constant hurnidity and
temperature (40-60% rH, 2Q-22°C) for a 2-week acclimatization period
befare actual incubation of fungi and/or mites.
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Table 1. Composition of soiling materials

A Rotronic (Rotronic, Zurich, Switzerland) hygroscope is used to scan the
relative humidity and temperature inside the bags, the rH and temperature
of the surroundings is determined with a hair-hygrometer (Lambrecht,
Gottingen, Germany).
Fungi
Fungal species that were used as examples for either the xerophylic or
meso-hygrophilic group were Aspergillus repens Saccardo and Penicillium
chrysogenum Thom respectively. The mite species chosen as representative for either Pyroglyphids or fungus-eating mites were the house dust
mite Dermatophagoides pteronyssinus Trouessart and the storage mite
Glycyphagus domesticus de Geer.

Fungi were grown on malt agar in glass tubes. To each fully overgrown
tube 2 ml aqua destillata was added. The tubes were shaken with care for
3 minutes. The number of spores in the suspension was determined in a
cell counting chamber (Bürker-Türk, Switzerland) and adjusted with water
to 10 million spores/ml. 100 J.tl of adjusted spore suspension was distributed with a pipette over 4 spots on the substrate.
Mites
Stock cultures of house dust mites D. pteronyssinus and storage mites G.
domesticus were held in small glass vessels in desskators at 75% and
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80% rH respectively. Culture substrate for house dust mites was yeast,
test dust and human dander (1:4:3, w/w/wr, storage mites were cultured
on yeast and wheat germ flakes (1:1, w/w). When visible fungal growth
became present, after 4-20 weeks of incubation, 50 mites were picked at
random and placed on a piece of soiled and pre-incubated test materiaL A
thin layer of sticky glue (Tangle Trap, Tanglefoot Cy, Michigan) was
attached to the upper edge of the dish to prevent mites from escape.
Substrates are ventilated every two weeks to avoid accumulation of carbon
dioxide and other volatile pollutants. Blanks containing no organic soiling,
or no fungal inoculation, or no mites added, were also incubated.
Test pieces with or without addition of mites or fungi were allowed to
develop for 8 additional weeks. Then fungal growth was assessed by
estimating the surface on which hyphae are grown in every square of a
lxl cm grid. The intensity of fungi was differentiated as: no fungal
growth (0), 1 to 50% area covered with hyphae (1), 50 to 100% area
covered with hyphae (2). Additionally, the presence of conidial heads and
cleistothetiae was noted (C). Population development of mites was
determined by counting mites after a heat-escape procedure at 60°C8 •
C/eansers
Fungicidal treatment was simulated by applying one of four sanitary
products by way of spraying onto the surface from 20 cm height and an
angle of 45°. Spray devices were plastic household plant spray cans. The
application was executed after an initial fungal development period of six
weeks, and, in case of subsequent mite incubation, 4 weeks of development of mites: these entered 2 weeks after the fungal inoculation. No
wiping was performed after spraying. The tested cleansers and the
amounts that were applied, are described in table 2.

All tests were executed in two series and all series were duplicated.
Statistica! analysis was performed using the SPSS computerized version of
Mann-Whitney U test, Spearman· rank correlation and t-tests9 •10 • Significanee limit was set at 0. 05.

Results
Mould growth on acclimatized clean wall materials or materials soiled
with red currant juice appeared to be very slow at 78% rH.
81

fungi and mites on wa/Is
Table 2. Characteristics of four cleansers used in facilities or damestic environment
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After 5 months the development of fungi was stimulated by increasing the
humidity to 95% rH using pure distilled water instead of supersaturated
ammonium sulphate solution. Two weeks later, the water was replaced
again by ammonium sulphate solution.
While the materials remained almost completely without fungal growth for
two months, we suspected a deficit in humidity and investigated the water
uptake of the tested materials. Dry wooden and gypsum pieces (at
approximately 50% RH) were placed on small plastic rings in a glass
desiccator. In the desiccator, supersaturated sodium chloride solution
ensured a humid elimate of 75% RH. At time intervals of one day, 8
heavily soiled and 8 clean materials were weighed using a Mettier 400
balance, with an accuracy of 0.005 g. The dirt was an artificial dust used
in carpet experiments6 • Initial moisture content was estimated to be in
equilibrium with 50% relative air humidity.

Figure 1. Weight gain of 1Ox 10 cm gypsum (left) and pine wood (right) wal/
pieces, respective/y 9 and 6 mm thick, incubated at 20-22°C and 75% rH. The
relative air humidity of the storage room was approximately 50% rH.

Median weight of the pieces of wood and gypsum before incubation was
respectively 56 ± 5 and 98 ± 7 g. Equilibrium humidity levels of the 6
mm wood and 9 mm gypsum board pieces of lOxlO cm size, acclimatized
at 75% rH and 20-22 oe were reached after approximately 6 weeks in all
cases (figure 1). These results indicate that moisture adsorption by walls
is relatively slow. However, when we presurne that all weight gain is by
water adsorption from the air, approximately 75% of the total water
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adsorption of the wooden pieces takes place within the first two weeks.
For gypsum, in two weeks 40 to 50% of the possible gain, compared with
the equilibrium, is reached.
Examining the materials that were acclimatized for two weeks at 95%
RH, clean wood without addition of spores was completely overgrown
with Penicillium species in a few weeks, whereas on gypsum board only a
light growth was seen. When Glycyphagus mites were added to this environment, most of the visual mould growth disappeared (table 3). The
materials soiled with juice were more prone to fungal growth. The size of
the mite colony remained small. There is no correlation between the size
of the mite population and the area of fungal hyphae. The prevailing
genus of not added but contaminating fungi was Penicillium. Inoculation
with Aspergillus repens spores resulted in an equally wide spread of
hyphae, however less intense than the fungal growth on test pieces where
no spores were added.

Tab/e 3. Fungal growth and Glycyphagus mite development at 78% rH and 2toC
on differently treated waoden and gypsum surfaces soiled with 300 mg red
currant juice; Median va/ues and range of fungal development, assessed 16
weeks after 2 weeks of acclimatization by counting the presence of hyphae in
100 1x 1 cm grid ce/Is, median values and range of mite numbers by heat
escape, incubated 8 weeks after acclimatization.
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lt was obvious, visually, that soiling with Marmite caused a more dense
fungal growth as compared to soiling with juice. Usually the quickly
growing Penicillium chrysogenum and sometimes Aspergillus species were
abundantly present on all soiled pieces; On clean test pieces only a
meagre mould growth occurs. No significant difference is found between
pieces withand without inoculation of Aspergillus repens (table 4).

Table 4. Fungal and mite development on waoden and gypsum surfaces soi/ed
with Marmite® and/or inocu/ated with 1 mil/ion spares of Aspergillus repens. 50
mites D. pteronyssinus or G. domesticus were incubated for 8 weeks at 78% rH
and 21 °C, 7 weeks after fungal inoculation. Fungal growth assessed by counting the presence of hyphae in 100 1x 1 cm ce/Is. Va/ues in brackets indicate the
number of ce/Is with more than 50% of the cel/ area covered with hyphae. All
values are medians of 4 replicates.

The Glycyphagus mites developed better than Dermatophagoides
(p = 0. 014). The presence of storage mites is correlated with a decrease in
intensity of mould growth (n=8; r5 =0.65, p=0.05).
The effect of the four cleansers on the development of fungi and mites
was examined in similar experiments. In a combined experiment, in
which fungi were inoculated and Tyrophagus mites were incubated, mites
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appeared on all test pieces. The spraying procedure gave the storage mites
the opportunity to escape, probably through air, and arrive at other
pieces. Therefore the whole experiment was performed again, now
without mites. As storage mites only live on walls with ample mould
growth, a significant reduction of fungi will presumably also reduce the
storage mite population (table 5).

Table 5. Funga/ scores of carpet and gypsum test pieces soiled with Marmite®,
after treatment with different cleansers. Values are medians of 4 tests. The
range is indicated in brackets. Letters indicate statistica/ differences, same
letters do not differ at p < 0. 05.

Though P. chrysogenum usually appeared sooner and resulted in a more
intense mould growth, 8 weeles after inoculation no difference could be
discemed between the two fungus species as far as the spreading over· the
materials was concemed (p>O.l). The mould growth on untreated test
pieces appeared to be P. chrysogenum. The effect of the cleansers on
mould growth did not differ on wood or gypsum (p>0.05); an insignificant trend of all cleansers to act better on wood may be caused by the
difference of appearance: the visual inspeetion of gypsum is easier than
wood. Furthermore dead hyphae could not always be discemed from live,
growing ones.
None of the products was able to stop fungal growth to a large extent.
Mould growth after treatment differed for all cleansers significantly from
untreated growth. All cleansers did equally well against the Aspergillus
fungus, whereas Bison was more effective than the other cleansers against
Penicillium (p=0.03).
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Discussion
Walls presented an unknown niche for mites until recently. The storage
mite G. domesticus developed on mouldy, wan-representing test pieces,
even at relatively low air humidity (78% rH). House dust rnites appeared
to prefer a less mouldy environment, though a substantial number of these
mites survived for 8 weeks on wood and gypsum with excessive fungal
growth. This is in agreement with the results obtained by Kort et al. in
homes and in laboratory tests2•3•11 •
The adsorption of water in the tested matcrials was slow. Only after 6-8
weeks equilibrium was reached. Although the weight gain after 1 week is
already 50% of the final value, the hygroscopicity of the materials,
especially gypsum, may keep surface humidity low in this first period. A
study by De Boer12 revealed that house dust mites in culture vessels
survive and even develop at a daily regime of only 3 hours high humidity
(75% rH, simulating for example cooking activities), foliowed by extreme
aridity (30-40% rH). Whether this phenomenon applies also to the
oecosystem of walls in homes must yet be determined.
The exact nature of wall soiling is not well known, and will probably be
as variabie in composition as floor dust is. Wood 13 detected different
amounts of cat allergen on walls. Cat allergen is associated with small
particles, a major fraction is smaller than 2 JLm in diameter. The amount
of cat allergen on walls correlated well with the amount of cat allergen in
floor dust. Mite allergen, which is in general attached to much larger
particles, was found in less locations. Mite allergen on walls was not
correlated to mi te allergen in floor dust 13 •
The present study agrees with literature8 •14 that 80% relative humidity
suffices for extensive mould growth. Soiling increased the humidity
uptake of gypsum but not of wood, though absolute water uptake of
(soiled) wood was much higher. In addition, the humidity buffering effect
will be important for mites to survive dry periods. Wall materials that are
clean are not easily overgrown with fungi. The first visual growth of
P. chrysogenum inoculated on clean gypsum at 86% rH lasted approximately 30 to 50 days 1 , although in these experiments the test materials
were placed in nutritive agar. In absence of agar, no visual mould growth
occurred for 6 to 9 months 11 • Every addition of organic material causes a
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rapid increase in mold growth, when humidity is in the proper range (8099%). The type of fungi that will appear depends on the spores present
and the growing speed at the prevailing relative humidity. Soiled gypsum
is less intensely moulded than wood. Unfortunately we are not informed
on a possible treatment with preservatives of either materiaL
The spray nozzle of the Bison spray-can differed from the other three
nozzles. This may have caused a different distribution of the fluid over
the test pieces, which could be important for fungal development. More
important, the test with cleansers revealed that the visual determination of
fungal survival is less adequate under these conditions: the disparity
between non-proliferative and live hyphae is not satisfactory. In the
present study, the area that was occupied by fungi was determined. The
intensity of the fungal growth is another important measure, which has
notbeen measured. Por these reasons, conclusions towards the fungistatic
or fungicidal strength of the tested products should be drawn with
caution. Further studies should examine the efficiency of cleansers to
withhold fungal growth aftera standardized cleaning procedure.
Other techniques to determine the intensity of mould growth cope with
similar problems. Verhoef et a/. 15 assessed the number of viabie fungal
propagules in house dust by plating onto agar. They concluded that the
results of this type of analysis depend in some way on the experimentator.
The rating used in the British Standard for testing fungal resistance of
paints 16 is an elaborate version, with 5 steps, of our fungal rating, nevertheless analysis of especially treated test pieces will depend on individual,
subjective observations 1• An accurate and reliable technique to assess
growth of fungi in dust is needed.
If we nevertheless try to interpret the differences in efficiency, albeit

insecure, none of the 4 cleansers appears to be an especially effective
product, although at least one (Apesin) has been used in a home of an
allergie pers on with both mycological and clinical success 17 • In daily
practice, the efficacy of the cleansers against mites and fungi will certainly be enhanced by the removal of the nutritive and protective dirt layer.
The fungicidal or fungistatic effect of the tested compounds on the soiled
materials is insufficient in itself.
In conclusion, the growth of fungi and mites in the model that we used to
mimic the ecosystem of walls appears to agree with the typical growth
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observed in homes. More evidence will be neerled to sustain the usefulness of this model as a tool in the judgement of measures against
allergenie organisms on vertical surfaces in homes.
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CHAPTER 4
Assessment of
allergen avoidanee measures
Allergen avoidanee measures vary from building 'allergen-free' houses to the
use of a dust-attracting plummy. Most of these measures are implemented
without knowing whether any benefit for the allergie patient is to be
expected. After the validation of test models for mite and fungal
development (Chapter 3), in the present chapter the efficaey of allergen
avoidanee measures for mite, cat and fungal allergens is treated. Since the
semi-natura! test for mites and fungi has been used in several experiments
by different researchers, the reproducibility of this test is also determined.

4. 1

Reproducibility of a semi-natural test system for
measures against surface polluting allergenie organisms
in the home.
L.G.H. Koren, G. Schober, H.S.M. Kort, J.E.M.H. vanBronswijk.
To be submitted.

4.2

Long-term efficacy of acaricides against Dermatophagoides pteronyssinus in a semi-natura! test system.
L.G.H. Koren. Published in: Proceedings ofthe I st International
Conference on InsectPestsin the Urban Environment, 1993. Ed.
by K.B. Wildey & W.H. Robinson. Wheatons, Exeter, Great
Britain. pp. 367-371.

4.3

Catallergen (Fe/dI) avoidanee by weekly treatment of
the cat with a grooming emollient, a laboratory study.
L.G.H. Koren, E.M. Janssen, A. Willemse. To be submitted.
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4.1
Reproducibility of a semi-natural test
system for measures against surface
polluting allergenie organisms in the
hon1e
L.G.H. Koren, G. Schober, H.S.M. Kort, J.E.M.H. van Bronswijk
Interuniversity Task Group 'Home & Health', Eindhoven University of Technology & Utrecht University, the Netherlands

Summary
Successful allergen avoidanee usually consists of a combination of
measures to remove or withhold allergens from surfaces. Semi-natural
laboratory test systems may be helpful in assessing the allergen exposure
reducing value of any single procedure. The validity of efficacy assessment with this method has been proven previously. To determine the
reproducibility of the test results obtained, we used data of 24 different
avoidanee routines on 5 different allergen producing organisms from the
dornestic environment. Por testing, lOxlO cm pieces of mattress, carpet,
wood and gypsum board were used, soiled with a standard, artificial
house dust and kept at constant humidity and temperature conditions. Por
testing purposes, measures or products are used as described by the
manufacturers. Developmental results of incubated mites or inoculated
fungi on test materials are divided by results from non-treated blanks.
Relative error in rate of increase of the duplicates was 71% for mites
(n=471) and 30% for fungi (n=766). The rate of increase for mites is
not changed by a diminishing in size of the starting population from 50 to
25 specimens. Median values for population increase for Dermatophagoides pteronyssinus on non-treated surfaces was 0.32 after 2 weeks,
1.46 after 4 weeks, 4.76 after 6 weeks and 5.2 after 8 weeks incubation
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(starting population 50 mites). When testing aearieides a consistent
population growth rednetion was found from 95% growth rednetion
upward (standard deviation ranges from 0.2% to 5%). Below this efficacy
the standard deviation of population rednetion could vary as much as
37%. Variability in the rednetion of fungal growth was of the same order
as that of mites. As to the storage mi te Glycyphagus domesticus available
data suggest a higher variation in efficacy results but more different tests
are neeessary bere. Taking into account that more than 3 avoidanee
treatments of dornestic surfaces a year are not feasible in a household, we
eould caleulate 95% rednetion in Dermatophagoides-mite population being
the lower limit of possible effectiveness under Dutch elirnatic conditions.
At these high effieacies and a confidence limit of 5%, efficacy differenees
of 10% (at 95% mite population reduction) up to 0.6% (at 100% population reduetion) between different products and procedures may be
detected with our test system. Figures for fungi are simHar.
In eonclusion, our semi-natural test system is a reprodueible tooi to assess
the prevention and eure of indoor surface pollution by living mites and
fungi.
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Introduetion
Allergen avoidanee at home consists of making the surfaces in the dwelling allergen-free. This way of preventing and treating allergies is of
increasing importance, since the incidence of allergies from dornestic
. allergen sourees augmented 1, and drug therapy is a lifetime commitment
and therefore a cumhersome dependenee to suppressor drugs such as antibistamines or corticosteroids, unless immunotherapy is effective.
As reviewed by recently Colloff, a number of different clinical studies,

indicate that a combination of avoidanee measures is necessary for clinical
success of this treatment concept3 • Por allergics normal housekeeping is
burdened by the symptoms of their disease, especially when the lungs are
involved. Under these circumstances, having to execute unnecessary or
ineffective avoidanee measures on top of normal housekeeping is almost a
crime. An effective approach of multiple-measure allergen avoidanee
implies knowledge of the contribution of each implemented measure to the
total avoidanee result. The synergism of measures must also be taken into
account4 . Clinical studies should only be executed when the exposure
reducing result of a proposed strategy is already known.
To assess the exposure the allergen reducing potentials of a certain
product or procedure laboratory studies and non-clinical trials in homes
are performed. Whereas the latter are costly and have a low reproducibility due to dwelling-to-dwelling variability of key factors, the outcome of
most laboratory studies are often less valid for the home situation.
In May 1988, we tried for the first time a laboratory system that mimics
the house dust environment of textile furnishings. Our aim was to ereare a
valid and reproducible routine for testing avoidanee tactics and products
against mites and fungi. Artificial dust to culture house dust mite populations was examined and validated5 • Recently the effects of different types
of natural dust on these mites ·was reported6 • The system proved also
useful in the determination of the production of allergens and guanine in
the course of time (chapter 2.2), and for different taxa of mites and fungi.
The validity of the efficacy measurements of different acaricides against
Dermatophagoides pteronyssinus using this semi-natural model was
discussed7 , and the long-term efficacy of two promising acaricides
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determined8 • Furthermore, the system was expanded towards the meagrely
soiled surfaces of walls (chapter 3.3).
While the validity of .efficacy determinations obtained by the semi-natural
test system was confirmed repeatedly by comparison with known effects
of the applied measures in homes, the reproducibility of the test system is
badly known. In this study, we evaluate the reproducibility of this system,
thus judging another aspect of its merits in the context of indoor allergen
avoidance.

Materials and methods
Base of the model is a lOxlO cm piece of one of four different indoor
surface materials: mattress, carpet, wood or gypsum board. Specific
manufacturing details have been described earlier9 • A partially defined
soiling layer, composed of a mixture of mineral and organic components,
yeast, and human or cow dander (4:1:3 w/w/w) is spread over each piece.
1 g of this artificial dust is spread over and robbed into the textiles, while
0.5 g is used on the hard cover materials. The test pieces are laid in Petri
dishes that are subsequently covered with a poplin (batiste) fabric. These
small enclosures are to become the borders of a micro-ecosystem, in
which mi te populations and fungal structures develop.
Each Petri dish is placed into airtight polythene bags (Polypax, Baarn,
The Netherlands). Air exchange through these bags is low, specifically 1
g/m2/24hrs at 20°C). Relative humidity inside is constant, due to a saturated salt solution in water, and a moisture buffering cardboard. The bags
are placed in a thermostated room. Temperature and humidity are checked
continuously by a hair hygrometer and at intervals by a hygroscope
(Rotronic AG, Zurich, Switzerland) placed in one of the bags.
Prior to incubation of organisms, the mattress pieces are acclimated to a
specific humidity. As a standard for house dust mites a beaker with
saturated ammonium sulphate solution is used, yielding 75 ±2 % relative
humidity (rH) at 20°C (±2). Population development of house dust mites
is typically set-up by adding to each piece 50 mites (Dermatophagoides
pteronyssinus or D.farinae), randomly picked one by one from a developing culture raised on the artificial dust. For storage mites lower numbers
are used, e.g. 20, while these mites develop more quickly. Mites are kept
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inside by applying a sticky substance (Tangle Trap, Tanglefoot Cy.,
Michigan) to the upper edges of the dish.
The growth of fungi and starage mites in homes starts from approximately 70% rH. To ensure sufficient development opportunity in our test
system, the standard relative humidity for these organisms is 80%,
obtained by a supersaturated potassium chloride solution. Some fungal
spares are already present on the materials and in the artificial dust. Por
more camparabie results, an amount of 1 million spares of a known
fungal species is suspended in water and added to every test piece. Two
different fungal species are used as examples of special elimate groups:
for the xerophylic species Aspergillus repens is chosen, while Penicillium
chrysogenum is selected as a representative of meso-hygrophylic fungi.
The fungi are allowed to develop undisturbedly for 7 to 10 weeks, until
mycelium is present all over the soiled materiaL Por mites, intervention
follows 3 to 7 days after incubation, to allow the mites to enter the soiling
layer. Then, pieces are treated with a product or procedure to be tested.
A product is applied as described by the manufacturer, as coherently as
possible, for instanee by can-spraying or by spreading with a spatula.
Other avoidanee procedures tested involve the instanation of a more dry
climate, washing, vacuumcleaning, and dry-cleaning.
The population development or growth of the fungi is continued for 8
weeks after first application. Dishes are ventilated every two weeks to
avoid accumulation of carbon dioxide and other pollutants. All tests are
run in duplicate and in two series, separated in time and space. Adequate
blanks are added for the determination of undisturbed development of
mites or fungi and the growth possible without inoculation of organisms.
In case of combination of two organisms, extra tests are performed with
the organisms separately.
The surviving mite populations after the incubation period are determined
by counting mite numbers following a heat-escape treatment 10 • Pungal
growth is measured befare and after intervention by visual estimation of
each of the cells of a lxl cm grid.
Because the results are almast always not normally distributed, nonparametrie statistics is used. The significanee of differences between
groups is determined with the Mann-Whitney U test; The Spearman rank
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correlation test, foliowed by the t-test based on rank, is applied to value
correlations 11 •12 • Limit of confidence is set at 0.05.

Results
At present we have investigated with this semi-natural test system 24
different avoidanee methods on 5 different allergen producing organisms
from the house dust ecosystem, resulting in more than 2400 values for
mite or fungal growth under specific conditions. In 7 years, 9 different
researchers of our working group have performed experiments with the
semi-natural test environment described above. In order to calculate the
efficacy of measures, the population size of mites of a treated piece was
averaged with its duplicate. The rate of increase (RJ of the mite or fungal
population has been calculated as:

with Nx = the median population size of two duplicates, and Nstart
the
starting population size. This figure was then compared to the increase of
the corresponding not treated populations , resulting in a value for the
rednetion of growth (LlG), caused by the implemented measure:

where Rix = the rate of increase of a population treated with measure x,
and Riblank = the corresponding untreated rate of increase.
Since the population dynamics in a small population are even more
difficult to contain than in a large, stabie population13. 15 , and the starting
population is small, the final size of the population will invariably differ
from one experiment to another. By oomparing the population of a treated
piece with a population, picked at the same time from the same culture,
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but incubated on an untreated piece, the differences will be kept as low as
possible.
A single factor may have a large influence on population growth. The
experiments executed in the period between December 1990 and March
1991 resulted in low rates of increase, ranging from 0.0 to 0.5. All
factors appearing equal to the previous period, it taak a while to discover
that one of the ingredients of the artificial dust, the baker's yeast, was
replaced accidenta11y by yeast extract. Whereas the nutritive value of the
dust layer will probably nat have changed significantly, the texture of the
dust layer appeared to be tighter packed. Apparently the gluing effect of
the yeast extract decreased the suitability of the niche. Since the size of
the untreated populations were all lower than the starting value, the data
of these experiments with yeast extract were nat useful in determining the
efficacy of measures, and have been left out of the calculations of reduction of growth.

Table 1. Median rates of increase of D. pteronyssinus popu/ations incubated at
75% rH and 20°C on artificially soiled carpet pieces, tor different sizes of
initially incubated mite popu/ation and different incubation periods. Medians of 4
tests, at 8 weeks and 50 mites median value of 26 tests.

Calculated over all tests, relative error in rate of increase of the duplicates
was 71% for mites (N = 471) and 30% for fungi (N = 766). Looking at
the experiments with D.pteronyssinus only, the number of mites found
after 8 weeks on test pieces without any applied measure varied from 39
to 1700, with rates of increase from 0.8 to 34. The increase rates are
distributed roughly log-Gaussian, with a mean of 7.2, which is an average
number of 360 mites per test piece. Median was 5.2. A small number of
tests (4 per period and per starting size) bas been performed on D.pteronyssinus with either 25 ar 50 mites incubated in shorter incubations,
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respectively 2, 4, and 6 weeks. In table 1 the increase rates corresponding
with the different starting population sizes and incubation periods are
displayed.
Although the number of tests is low, statistica! analysis showed that the
rate of increase is not depending on the size of the starting population
(Mann-Whitney U test, p>0.05).

Tab/e 2. Reproducibility of acaricidal or fungicidal efficacy of different measures
on house dust mites Dermatophagoides pteronyssinus incubated for 8 weeks or
Aspergi/lus repens incubated for 15 weeks on carpet at 75% rH (±2%} and
20°C(±2) (unless a humidity regime is app/ied, humidity then as indicated).

In table 2 the reproducibility of the assessment of efficacy of a variety of
methods is summarized. Only those methods that have been used in at
least two experiments of 4 tests each were included. Tests where the
standard growth rate of the not treated blank was less than 0.5 (that is less
than 25 mites after 8 weeks incubation, all populations started with 50
specimens) are omitted. For all included tests incubation lasted 56-58
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days, and only D. pteronyssinus was the subject of investigation. The
semi-natural efficacy tests of acaricides and other measures, including
those that have been described before9 , reveal a consistent reduction of
growth for a specific acaricide, when the reduction of growth is 95% or
more. At lower reduction values standard deviations from 16 to 37% do
occur.
At the right hand side of table 2 the reproducibility of the same measures
for the xerophylic fungus Aspergillus repens is shown. The 'starting'
value of fungal growth is 200 (100 in case of deskcation and moistening),
being 100 cm2 of test surface multiplied by the rating of the fungal growth
(0 = no hyphae, 1 = up to 50% of the cm2-cells with hyphae, or 2 =
50% or more of the cm2-cells with hyphae) at its maximum. Standard
deviations are in the same order as the ones for mite populations. Tests
for the fungistatic efficacy of (fungistatic) cleansers on mouldy walls,
which used a light, organic soiling, showed reduction values and matching
standard deviations not significantly different from our heavily soiled
horizontal surface-test results (Mann-Whitney, p > 0. 05).
Data obtained with the storage mite Glycyphagus domesticus indicated a
much higher degree of variation (up to 200%), although this may be
because only tests with different values of installed relative humidity were
done.

Discussion
The rates of increase found for house dust mites indicate that every
undisturbed mite population on a surface in the dwelling in spring may
increase every 8-week period approximately 5 times. While the mite
season in the Netherlands lasts about 6 months, the mites have three 8week segments available for population development. Thus, 125 times the
population that was found in early spring may be found in fall. To keep
the extra household burden of allergen avoidanee bearable for the household memhers we suggest not to advice more than three applications of
effective and workable procedures a year. This means for the elirnatic
regions of the Netherlands that acaricides should have an effective lifetime
of at least three months. When we suggest acaricidal treatment in the mite
season, an application in early spring, one in mid-summer, and a last one
in October should warrant that the mite population remains small. The
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increase rates indicate that every 3-4 months the mite population is 25
times larger. Ergo, a reduction of approximately 95% is needed to bring
the p.opuJation size below its original value in spring. As we have seen the
reproducibility of the test system in the range of 95% mite reduction and
above is excellent, making it a useful tooi for assessing the efficacy of a
product or procedure. In a niche with 9 months of growing season for a
specific organism (other outdoor climates, or for example a poorly ventilated bed), and 3 treatments 4 1h months apart, an efficacy of 99% is required, at which level the discriminative power of the test is even higher.
Essential for a test system that wants to discriminate the quality differences between procedures or products, or between a procedure and nontreatment are a high repeatability and reproducibility. Expressed as
standard errors, the differences between procedures must be larger than
their deviations, to obtain significant results. The large error at lower
efficiency appears injurious. However, since effective treatment starts
from approximately 95%, reduction discrimination between procedures is
possible at these high efficacies when an efficacy difference occurs of
twice the standard deviation (10% at 95% reduction of mite growth to
0.6% at 100% reduction) and a confidence limit of 5% is chosen. Por
environments with a growing season of more than 6 months a year for the
organism under study, which requires a higher efficacy of a suggested
method, the reproducibility of the semi-natural test system is even higher.
Concluding we may say that for products and procedures that may be
effective in cantrolling polluting allergenie mites and fungi in the home
under dornestic conditions and a 6 month/year growing season reproducibility of our test system is sufficient to predict actual efficacy.
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4.2
Long-term efficacy of acaricides against
house dust mites (Dermatophagoides
pteronyssinus) in a semi-natural test
system
L.G.H. Koren
Interuniversity Task Group 'Home & Health', Eindhoven University of Technology & Utrecht University, The Netherlands

Summary
House dust mites are tagether with pets the most important souree of
allergens in dwellings in western Europe. In a recently developed seminatura} test system, mites may be studied in an environment camparabie
to the dwelling situation. In this laboratory test, it should also be possible
to determine the efficacy of intended measures against mites in dwellings.
In the present study three acaricidal products were tested: Acarosan
powder formula (Allergopharma J. Ganzer KG, Reinbek/Ramburg,
Germany), Allersearch BT (Allersearch, Granville, New South Wales,
Australia), and Tymasil (Gist-Brocades NV, Delft, The Netherlands). All
three products have been employed in dwellings with more or less
positive results. On soiled mattress models 50 house dust mites (Dermatophagoides pteronyssinus) were incubated and exposed to one of the three
products. The surviving population after two different periods was determined by counting mite numbers following a heat-escape method.
In untreated blanks, mites developed from 0.5 mite per cm2 to 1.6 mites
per cm2 in 8 weeks and to more than 30 mites per cm2 in 24 weeks. After
8 weeks 99% of the mites we re killed by Acarosan, while Allersearch and
Tymasil proved less effective. The relative efficacy of each product after
8 week incubation correlates well with the results obtained in dwellings.
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However, when incubation is prolonged after treatment with Allersearch
or Acarosan, the mite populations appeared to revive in considerable
numbers, especially after treatment with Allersearch. From these results it
appears that Tymasil is not an effective acaricide on soiled materials.
While Acarosan and Allersearch BT decimate the populations in a one-hit
treatment, neither is capable of keeping the number of house dust mites
on mattresses low for 6 months. However, a first application of either of
these products in late winter, when mite numbers are low in genera!, with
a repeat after 2 or 3 months, should be sufficient to keep mite numbers
low for the whole mite season.
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Introduetion
The most common mite in dwellings in Western Europe is the European
house dust mi te Dermatophagoides pteronyssinus. The favourite niches of
this mite are the lower soil layers of textiles like furniture, mattresses,
carpets and stuffed toys. The bed is one of the main niches. The number
of mites in mattresses may amount to several thousands per square
meter 1•2 •
The chemica! extermination of mites in dwellings should not endanger the
well-being of the dweilers. The use of acaricides in dwellings, and also of
allergen removing or destructing agents, is therefore restricted to relatively inoffensive agents. The efficacy of these products may be tested in
several ways. In direct-effect tests, a limited number of mites in a container is exposed directly to a specific concentration and formula of the
agent; In an 'in-vivo' study, the number of living mites of one or more
objects in a set of dwellings is determined befare and after treatment with
the agent to be tested. Both kinds of tests have draw-backs. The direct
Iabaratory test has excellent reproducibility, but a low comparability with
the 'in-vivo' circumstances (i.e. low validity). Efficacy tests in dwellings
depend largely on the specific houses, on indoor and outdoor climate, on
season, and on number and behaviour of inhabitants. In addition, they are
time consuming and expensive.
In a third type of test that was developed by our task group, mites are
installed in a reproducible Iabaratory simulation of a dwelling component3. Development of mites may be determined after a selected period. 1t
is expected that effects of acaricidal treatment or other measures within
this semi-natura! environment will relate more closely to the actual impact
in situ. In the present study two acaricidal formulas where tested: Allersearch BT, containing a benzyltannate complex and alcohol, and Tymasil,
containing 3.33% (w/v) natamycin and 0.02% (w/v) benzalkoniumchloride. In all experiments untreated mattress models were used as a
negative controL Acarosan powder, containing 5% (w/w) benzylbenzoate,
is an acaricidal formula for carpet treatment which proved to be very
successful in previous semi-natura! tests on 4 different types of surfaces,
including mattress models3. It is used bere as a positive controL All three
acaricidal products have been employed in dwellings with more or less
positive results4-7 .
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Methods and materials
In this study the efficacy of the three products is compared in a defined
semi-natoral environment. lOxlO cm pieces of mattress models, 10 mm
thick, were manufactured from two layers of polyurethane foam, 4 mm
thick, between two layers of an acetate/viscose mattress tick, stitched with
zigzag stitches along the edges and straight stitches across the surface.
The models were soiled with 1 g artificial dust, consisting of 50% mineral
powders, as used in carpet industry for cleaning tests, and 50% organic
material, i.e. 1 part milled yeast and 3 parts dander. Thus, the artificial
dust has a texture and chemical composition as might be found in floor or
mattress dust8 .
The test pieces are laid in Petri dishes, that are subsequently covered with
a poplin (batiste) fabric. Mites are kept inside by applying a sticky substance (Tangle Trap, Tanglefoot Cy., Mîchigan) totheupper edges of the
dish. The test environment is placed into airtight polythene bags (Polypax,
Baarn, the Netherlands, air exchange 1 g/m2/24hrs). Relative humidity
inside is constant, due to a saturated salt solution in water, and a moisture
buffering cardboard. The bags are placed in a thermostated room. Temperature and humidity are checked by a hair hygrometer and a hygroscope
(Rotronic AG, Zurich, Switzerland) placed in one of the bags.
Prior to incubation of organisms, the mattress pieces are acclimated for
10 to 14 days to 75 ± 2% relative humidity at 20 ± 1°C, using a
saturated ammonium sulphate solution. For each piece of mattress, 50
house dust mites (D. pteronyssinus) were randomly picked one by one
from a developing culture, raised on the artificial dust. After 3 days, the
mattress pieces were treated witheither of the products. 0.2 ± 0.03 mi of
Allersearch or 3x 87 ± 11 mg of Tymasil (with two-week intervals) were
sprayed on the pieces. 0.63 ± 0.01 g of Acarosan was applied with a
spatula. The population development was continued for 8 weeks after first
application, which is approximately two life cycles forthese mites. Dishes
were ventilated every two weeks to avoid carbon dioxide accumulation.
All tests were run in duplicate and in two series, separated in time and
space. Blanks were added for the determination of undisturbed population
development. Additional incubations of mites on mattresses treated with
Allersearch and Acarosan were allowed to develop for 24 weeks. The
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surviving populations after the two different periods were determined by
counting mite numbers following a heat-escape treatment9 •
The significanee of results was determined with the Mann-Whitney U test.
Limit of confidence was set at 0.05.

Results
In untreated blanks, populations developed up to 600 mites per model in 8
weeks. The geometrie mean of 160 mites per model equals 1.6 mites per
cm2 • Distribution of mi te numbers was not gaussian, as expected. The
number of mites recovered from the treated pieces indicate that after 8
weeks most mites are killed in presence of Acarosan, while Allersearch
and especially Tymasil appear less effective (figure 1).

Figure 1. Numbers af living mites O.pteronyssinus per test, 8 weeks after
acaricidal treatment. Temperature was 20°C ± 1, relative humidity was 75% ±
2, starting number af mites was 50. Horizontal bars indicate geometrie mean.

Reduction of growth was calculated for each test as:
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Jl)

with

~reated

= number of survtvmg mites on treated mattresses, and
Nno treannent = geometrie mean of untreated duplicates in the same test
series. Mean reductions were 99% due to Acarosan (range 97% to 100%,
n=l2), 85% due to Allersearch (range -24% to 97%, n=4), and Tymasil
scored 40% reduction compared to the untreated blanks (range 29% to
49%, n = 4). The rate of development of mites treated with Tymasil did
not differ significantly from the undisturbed development (Mann-Whitney,
p > 0.05). All other comparisons between treatments showed a significant
difference.

Figure 2. Numbers of living mites D.pteronyssinus per test, 24 weeks after
acaricidal treatment. Temperature was 20°C ± 1, re/ative humidity was 75% ±
2, starting number of mites was 50. Horizontal bars indicate geometrie mean.
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Surprisingly, when incubation is prolonged, in some tests the mite population seems to revive in considerable numbers. This prolonged test was
only executed with the two more effective products on new mattress
models. On blank mattress models, populations increased to a geometrie
mean of 33 mites per cm2 in 24 weeks (figure 2). Reduction of mite
populations on treated models compared to the non-treated blank was now
24% and 78% for Allersearch and Acarosan respectively. Statistica!
comparison of groups showed however no significant differences, except
for the comparison of undisturbed mite populations with Acarosan
(0.01 <p<0.05).

Discussion
Acarosan powder is a benzylbenzoate formula including allergen removing components for carpet treatment. In a semi-natural test it was found to
be the most effective acaricide, in addition to liquid nitrogen3 • It was used
in present study as a positive controL Indeed, 8 weeks after treatment a
median value of 1.1 live mites was found, where controls scored a
median of 160 mites.
Natamycin is used in drugs and alimentary products as a broad spectrum
fungicide, usually effective in a 0.1-1% concentration10 • In agriculture it
is used against plant mites. In addition to fungicidal activity, natamycin is
also a mite ovicide 11 • Schober12 found 3% natamycin to induce no significant acaricidal effects on 10 mites, soaked in this solution. However, a
10% solution added to nutrients reduced the number of mites to less than
10% of the undisturbed population after 8 weeks. This seems to indicate
that indeed the acaricidal mechanism of natamycin is a nutrient defect: A
suppression of fungi that predigest essential lipid components for mites. In
the present study no significant reduction by Tymasil was discovered.
Tymasil is apparently not an effective acaricide on soiled materials.
Bronswijk et al. 13 detected some hampering of mite population growth
after Tymasil treatment. Colloff et al. 5 found in a controlled clinical trial
less effect of natamycin than of regular vacuum cleaning, which corroborates present findings.
It appeared difficult to obtain the precise narnes and concentrations of the
active ingredients of Allersearch BT. It contains according to the manufacturer a 'benzyltannate complex' in an alcohol base; Allersearch DMS,
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which bas been recently used with success in a clinical trial by Tovey et
al. 7 , contains a 'benzyl derivative' and tannic acid. These may well be the
same ingredients. Short-term exposure tests showed a strong acaricidal
potency of DMS: within 3-4 minutes, 95-100% of the exposed mites were
killed 14 . In the present study, Allersearch BT reduced mite populations
with 85% after 8 weeks, compared to undisturbed populations.
After prolonged incubation on some mattress models, mite populations of
treated mattress models appeared to revive, compared to the 8-week
incubation. The mite numbers of treated mattresses have a much wider
range than was determined after 8 weeks incubation, even on a logarithmic scale. The exponential growth of the individual populations will
account for some of the width. Furthermore, when all mites die in an
early stage, no revival of the population can be expected, but one surviving (female) mite in the first incubation week may have an offspring of
several thousands in 24 weeks.
These results indicate that in a one-hit treatment neither Allersearch nor
Acarosan is capable of keeping the number of house dust mites low on
mattresses for 6 months. Since the incubation environment is limited, it is
not very likely that some of the mites have been able to avoid contact
with the benzylbenzoate during their lifetime. The soiling layer may have
reduced toxicity by its diluting and absorbing effect Furthermore we
must consider that not all mites may be equally sensitive to benzyl
benzoate. Nevertheless, resistance to benzylbenzoate bas not been recognized as yet.
In dwellings, a first application of the benzyl benzoate products in late
winter, when mite numbers are low, with a repeat after 2 or 3 months,
that is before the opening of the 'mite season', should be sufficient to
keep mite numbers low the whole mite season.
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4.3
Cat allergen (Fe/ d I} avoidanee by
weekly treatment of the cat with a
grooming emollient, a Iabaratory study
*L.G.H. Koren, *E.M. Janssen & +A. Willemse
*Interuniversity Task Group 'Home & Health', Eindhoven University of Technology, *Department of Clinical Sciences of Companion Animals, Veterinary
Faculty, Utrecht University, The Netherlands

Summary
Many cat allergics keep cats. While life without cat appears inconceivable
for many of these persons, other options for diminishing allergen exposure are wanted. In the present study, the efficacy is investigated of a
grooming emollient for cats, designed to decrease cat allergen exposure.
Exposure was assessed by measuring the major cat allergen Fel d I.
Mimicking a home situation, a clean, newly carpeted and furnished
laboratory room was the residence for cats for two times 2 weeks. Befare
and after each 2-week period, air and floor dust samples were taken. In
the second period, the cats were treated weekly with a relatively low
amount of emollient,. and besides air and dust samples treatment towels
were sampled toa. Subsequently a second series of this experiment was
performed in the same room. Analytica! methods using monoclonal antibadies (sandwich ELISA and indirect RAST) appeared affected by the
presence of emollient. The Fel d I content of the cats' fur and of their
textile environment, measured with unaffected polyclonal RIA after
emollient treatment, was significantly reduced to 50% of the values
obtained with the same cats without treatment. Air concentration of Fel d
I remained below detection limit. Apparently the new carpet absorbed the
total allergen production as soon as it became airborne in two weeks.
Cats' skin appeared healthy and undamaged after treatment. While options
such as immersion or showering of the cat with water are less practical
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and may be less effective, treatment with the grooming emollient may be
the best alternative to removal of the cat. Whether the decrease in allergen is relevant for the reduction of symptoms in individual cat allergics
should be verified in a further study.
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Introduetion
In western countries up to 20% of all households include one or more
cats 1• The majority of asthmatics is sensitized to cats24 • It is estimated that
2 to 10% of the human population is cat-allergic5•6 • Nevertheless, many of
these individuals live in a house with a cal'. A satisfactory solution for
these cat-allergie cat owners bas not been found yet. Medicative desensitization bas not been convincingly effective8 . Symptom-repressing medicaments may be used as a short-term solution, in case of unforeseen
encounters. At home, however, cat allergy can at this moment only be
encountered by avoidanee of cat allergens.
The importance of the major cat allergen Fel dI bas become evident9•10 •
Bartholomé et al. 11 showed by immunohisto-chemical studies the presence
of Fel d I in the mucous sublingual gland. Several studies demonstrated
cat saliva to be a major souree of protein6•12•13 , and the presence of Fel d I
in the pelt is partly due to deposition of the allergen during self-grooming
of the cat. Sebaceous glands, connected to hair roots, are also important
allergen sources 11 •14 • The allergen is stored on the surface of epidermis
and hair. From there it becomes airhome easily13 • According to
Dabrowski et al. 15 regulation of skin sebaceous glands in cats is under
hormonal controL Wentz et al. 16 confirmed in an experiment that male
cats shed more allergen than female cats.
Cat allergens are detectable in the air of most houses with cats, and also,
but usually in lower quantities, in houses without cats, and in
schools 17•18•19 •20 • Cantrolling exposure to cat allergens is important, both in
rnanaging symptoms in allergie individuals and in reducing the risk of
sensitization. Currently, in most cases treatment of cat allergy consists of
complete avoidanee of cats and cat allergens. Cat removal alone does not
result in a quick decrease of cat allergen in settled dust21 •22 , additionally a
large-scale cleaning program is needed.
Most approaches to control cat allergy begin with persuading the patient
to get rid of the cat. Emotional problems occur when people are attached
to their pet. Alternative measures executed for a reduction of cat allergens
are vacuum cleaning and air cleaning23•8 • Reports have shown that repeated washing of cats leads to reduction in cat allergen quantity6•9•15 •24 ,
although the durability of the result bas been disputed. A variation on the
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treatment by washing is a commercially available grooming emollient. 1t
claims to reduce the volume of allergens contained on pet animals, and
hence the allergen content that becomes airhome or setdes in the home
textiles.
In this study, dornestic cats living in a carpeted laboratory room with
some cat fumishing are used to investigate the effect of the emollient
treatment on cat allergen concentrations in settled dust and in air. To this
end the major catallergen Fel dI is measured; more than 90% of all catallergics reacts to skin-priek tests with Fel dI. Furthermore, the amount
of Fel dI that can be removed from the cat's fur with emollient is examined. Finally, the practical implications of the weekly exercise are evaluated.

Materials and methods
In a thoroughly wet-cleaned room (2.5 x 2.5 x 2.0 m) three male, castrated European short hair cats were kept for two weeks on a normal,
newly bought carpet. The cats were 3.5 to 4.5 years old and weighed
between 4.6 and 6.1 kg. The carpet (synthetic fibre in foam, height 3.5
mm) was taped 3 cm up to the wall all around the floor, so no catdander
could accuroulate bebind and under the skirting-board. In the room 2
pieces of cat-furniture, a litterbin, drinking and food bowls were placed.
Ventilation was provided by 8 holes (0 2 cm) in the wall, 10 cm above
the floor. Air exchange rate was estimated from comparison of the
ventilation facilities with building regulation demands to be in the order of
0.1 air changes per hour. The cat litterbin was cleaned daily.
Before todging the cats (time point T0), air samples and floor samples
were taken. Because of the turbulence caused by vacuuming25 , air samples
were taken before floor samples. After 7 days (T 1) the cats were removed
for 12 hours and air samples were taken. After another 7 days (Tz) the
cats were again removed and air and floor samples were taken. The room
was cleaned thoroughly, the carpet and the cat furniture were replaced.
Before relodging (T0*), the same 3 cats were treated with emollient, and
floor and air samples were taken. Air samples and cat treatment were also
done after 1 week (T 1*) and 2 weeks (T2*). Floor samples were taken after
removal of the cats.
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The experiment was repeated with a second group of cats. Health control
was performed by a registered veterinarian.
Treatment was performed according to the manufacturer's manual,
however, with a relatively low amount of grooming emollient, 15 mi in
total. lt involved first thorough combing; Then the cat's fur was rubbed
all over with a polythene disposable towel (24x19 cm) moistened with
emollient; Hereafter cats were again combed · and rubbed with a second
towel with emollient. Both towels were stored in vials at 4°C.
Sampling
Airborne particles were collected on glass fibre filters using a modified 8stage Andersen sampler (Andersen Instruments Incorporated, Atlanta,
U.S.A) at a flow rate of 33 1 per minute. The impactor was placed in the
middle of the room, 65 cm above the floor. The pump was placed on the
floor with the outlet removed as far as possible from the impactor to
prevent uncontrolled turbulence influences. Preseparator was used only
for the samples of group one. The sampling time was 12 hours. Air
sampling with a single filter was performed as a controL Time of
sampling was in this case 1 hour.

Before and after sampling the filters were acclimatized for 60 minutes at
75% relative humidity (rH) and weighed. The filters of group one were
eluted in 2.0 m1 aqua destillata (AD) overnight at 4 oe in a closed
syringe. The filters of group two were eluted in 2 ml phosphate buffered
saline (PBS), containing 0.0002% Tween-20 (PBS-T). The filters of the
single filter sampling were eluted in 3.0 ml AD. The eluate from the glass
fibre filter was collected by centrifuging the syringe in a 50 ml Nunc-tube
for 5 minutes at 3000 rpm (Hettich ROTIX/KS, Munchen, Germany).
The Fel dI concentration in the eluate was determined with both indirect
radio allergo-sorbent test (RAST) and inhibition radio immunoassay
(RIA)26 • Filter extraction efficiency of Fel d I was determined to be
95±9% in either AD or PBS-T, using purified Fel dI.
Extraction of the treatment towels was performed overnight at 4°C in a 50
mi syringe. Dilutions of 200 to 1600 times were analyzed in quadruples in
an inhibition RIA. Extraction efficiency was determined to be 74±3%.
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The carpet was vacuumed 2 min/m2 with a 550 Watt vacuum cleaner
(Hoover Jet, Hoover, Lyon, France) containing a single-thielmess paper
dust bag; The cat-fumiture was vacuumed 5 minutes per piece. Particles
bigger than 6 mm were removed by hand. The fine dust was weighed,
and 4 aliquots of 100 mg were extracted in 2.0 mi AD overnight by 4°
C. From the cat~furniture 2 samples, containing 50 p,g of fluff were
extracted in 2.0 mi AD, overnight at 4 o C. The Fel d I concentration in
dilutions of 1:200 to 1:1600 of the extract was determined in an inhibition RIA.

Allergen analysis
Inhibition RIA was used to determine the Fel d I concentration in dust
samples, treatment towels and air filters extracts. A 500 p,l aliquot sample
with 50 p,l rabbit polyclonal antihorlies against cat dander (1:2000 in
PBS/T; ALK, Denmark) was incubated for two hours at room temperature. After incubation 500 p,l protein A-sepharose (Pharmacia, Sweden)
and 50 p,l 125I-Fel d I (20.000 cpm/50 p,l) was added. The samples were
incubated ovemight by overhead rotation at room temperature. After 4
washes with wash buffer (8. 7 mM Na2HP04, 1.3 mM NaH2P04 , 0.14 M
NaCl, 5.10-5 % Tween-20 (v/v), 0.05% NaN3 (w/v) in AD), the samples
were counted on a gamma counter (LKB Wallace, 1260 Multigaroma 11).
A lower limit of 1.6 mU Fel dI per mi could be detected.
Indirect RAST was used todetermine the Fel dI concentration in air filter
extracts. Monoclonal antihorlies (mAb's) 2D9 and 4F7 were generously
provided by dr. Aalberse of the Central Laboratory of the Netherlands
Red Cross Blood Transfusion Service (CLB). Polystyrene beads
(Spherotech) were wasbed in demineralized water and washbuffer. After
polishing the beads overnight, mAb 4F7 was coated to the beads
(1p,glbead) in a supersaturated sodiumcarbonate buffer (0.1 M NaHC03).
The beads were wasbed four times in AD. Aliquots of the sample (50p,l
sample· in 100p,l PBS/T) were incubated ovemight at room temperature.
After three washes, 50 p,l blood plasma of a cat-allergie in 100p,l PBS/T
was added. After an overnight incubation at room temperature and three
washes 125I-(sheep-anti-human)-IgE (12.000 cpm/50 p,l) was added. After
incubation and another three washes the radiation was counted in a
gamma counter (LKB Wallace, 1260 Multigaroma 11). Exchanging Sepharose-coupled 2D9, which is sensitive to a lower limit of 0.4 mU Fel d
1/ml, with 4F7 increased the sensitivity to 0.1 mU detectable Fel dI/mi.
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Sandwich ELISA was used to determine the influence of emollient on Fel
dI binding ability of monoclonal antibodies. A Nunc-MAXIsorp micro-

titer plate was coated overnight with 100 p.l buffer per well, containing 2
p.g/rnl of mAb 209. After coating leftover positions with 0.1% BSA and
washing with PBS/T, 100 p.l sample was added per well. Subsequently the
plate was wasbed and 100 p.l biotinylated mAb 4F7 was added to each
well, followed by 1 hour incubation at room temperature, washing with
PBS/T and colouring for 30 minutes with 100 p.l streptavidinlhorseradishperoxidase (0.001%) per well. Hereafter 0.11% sulfurie acid was added
to stop the reaction, and the plate was read at 450 nm. The sensitivity of
the metbod was approximately 4 mU/ml Fel d I.
Statistica! analysis was performed using the Mann-Whitney U Test for
independent samples. The samples were tested uniliteral. The limit of
significanee was set at p=0.05. Averages used in this report are
geometrie means.

Results
Towel sampling
The concentration of Fel d I found in the treatment towels is assumed to
be related to the amount of Fel d I in cat fur. 85 percent ( ± 2%) of the
emollient volume in the towels was regained, in which volume some
exchange with body fluids of the cat must be considered. Although the
cats were all quite similar in age, weight, and gender, the quantities of
allergen gained from each varied considerably. In group I the total
extracted amount of FeldIvaried from 149 to 257 U Fel dI percatper
treatment. In group II amounts between 220 and 267 U were found.
Standard measuring error was 4 U. The three cats of group II produced
significantly more Fel d I than the cats of group I (p < 0.05). After each
treatment, less Fel d I could be extracted from the towels (p < 0.05)
(fig.1).

Air sampling
In no filter stage significant increases of more than lxl0-4 g of weight
were found after sampling (p=0.35). Allergen analysis with RIA gave no
significant results. The observed allergen contents were not significantly
higher than the blank. Although RAST was 10-fold more sensitive than
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RIA's, this technique did not reveal allergen contents above the lower
limit of 0.1 mU/ml extract.

Figure 1. Total Fel dI content extracted from two treatment towels of respectively the first (TO*), second (T1*) and third (T2*) trestment of six different cats
with a grooming emollient. Analysis by inhibition RIA, using 50 pi rabbit-anti-catantibodies and 50 pi 1251-Fe/ dI after overnight incubation. ·

Dust sampling
The cat's box grains were made of 100% grinded wood and pulverized
easily. A significant weight percentage of the vacuumed samples was
from this source. Before use the grains were tested for F.el d I presence,
with negative result. The floor dust samples from group I were much
lighter than the samples from group Il. After the first interval, not
preceeded by treatment, 62.1 and 132.6 gram dust was found respectively, and after treatment with emollient 23.6 and 100.2 gram of dust
was sampled.
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The vacuumed samples of the new carpet were 1.0 to 3.1 gram of dust
large. In these samples a low amount of cat allergen was detected, always
less than 1% of the amount after the incubation of the cats. As expected,
the allergen contents of the floor dust increased considerably in two
weeks. The catsof group 1 shedded approximately twice as much allergen
as group 2. In the cleaned and refumished room the same groups of cats,
but now with a weekly emollient treatment, distributed in both series less
than 50% Fel d I over the carpet, as compared to the first two week
periods (fig.2).

Figure 2. Fel d I content of floor dust in a room with cats without and with
emollient treatment. Fel dI was measured by indirect RAST trom vacuumed floor
samples befare fTr:y T0 *) and after (Tzr T2 .) a two-week incubation of three cats in
a c/eaned, newly furnished room. Two series (/eft, right) were executed.

The teddy polstering of the cat fumiture was hard to clean by vacuuming.
After two weeks of use the furniture looked dirty and was covered with
cat hair. lt contained besides hair also cat urine, sebum and flakes. By
vacuuming mainly hair and teddy fluff was removed. The Fel dl in the
cat fumiture amounted to approximately 1 percent of the amount
vacuumed from the floor. Due to the coarse texture of the furniture
material, a wider spread in allergen values of each sample was found.
Only in the second series, the allergen content after cat treatment was
significantly less (p < 0.05) than without treatment.
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It appeared that measurement of Fel d I allergens with the monoclonal

ELISA assay27 was partly inhibited. A dose-dependent relation with the
amount of emollient present was found, using cat hair extract (fig. 3).
The same experiment with pure Fel d I showed already complete inhibition at 50% emollient. RAST was influenced less, but appeared not
completely reliable at high emollient doses, whereas polyclonal RIA was
not influenced.

Figure 3. The influence of emollient presence on Fel d I determination in dust
samples. Two mi of phosphate buffered saline with a/iquots of cat hair extract
(3000 ng Fel dI) but different amounts of emollient f/uid (% v/v), analyzed tor
Fel dI in a monoclonal sandwich ELISA assay using antibodies 209 and 4F7.

Animal condition
The cats were checked daily by a veterinary dermatologist. No signs of
skin irritation, such as redness, eczema, dandruff or dehydration were
found. The fur and skin were during and after treatment in healthy
condition and showed no signs of oily residues from the emollient. None
of the cats was apprehensive towards the treatment.
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Discussion
The main issue in cat allergen avoidanee is whether the allergie individuals benefit from the chosen set of avoidanee measures. While in clinical
trials this question may be answered, it invariably rernains difficult to
indicate which of the variables had the largest influence. In the present
laboratory study we tried to look only at the effect of treatment with a
grooming emollient. Three different allergen exposure parameters were
measured, Fel d I extraction by the towels used in the treatment, Fel d I
accumulation in settled dust of carpets and soft furnishings, and Fel d I
presence in air.
Unfortunately, air measurements were unsuccessful. The amount of
allergen in air over an undisturbed allergen reservoir may be too low to
measure, and the carpets that were used for only one or two weeks did
not contain enough loosely attached Fel d I (F. de Blay, personal communication). Electrostalie forces in the carpet rnay also have played a
role28 • For laboratory studies after avoidance, a standard meehamcal
disturbance of textile objects should be defined and experiments should be
of a longer duration. An attempt to standardize furniture use has been
made by Kniest25 •
From the first to the third treatment of the cats, consecutively less allergen was adsorbed in the towels. The decrease will, of course, have a
certain lower limit that, viewing the presenled results, will be reached
after months. However, the adsorbed absolute amounts are small, compared to the amounts found in the floor dust samples. Since we know that
we can nothave vacuumed all Fel dI out of the carpet27•29 , the cats would
have lost on average at least 1000 U Fel dI percatper day.
After treatment, this production was reduced to approximately 400 U per
day. However, using monoclonal assays almost no allergen was detected.
This indicates that certain determinants on Fel d I were disfigured or
covered, and no longer available to react with specific antibodies.
The properties of the emollient are not clear. The liquid may attach to
small dander flakes and inhibit these to become airborne easily. After
setding in the dustof carpets and soft furnishings, however, these 'heavy'
flakes should stay there or be removed by cleaning and not desintegrale in
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the carpet by dust organisms or mechanica! disturbance. No data are
available on these processes as yet.
Few effective measures are available for cat allergics. The practical
applicability of air'-cleaners in cat allergen avoidanee is hard to understand: No air cleaner can prevent a high Fel dI content in the air around
the cat allergie person when he or she moves on the couch or the carpet,
thus disturbing the loosely precipitated allergens29 • The effect of
vacuumcleaners on cat allergen content in the air bas been shown to be
either reduction or increase depending on the type of cleaner, the type of
bag and the way of use30 • A study of the use of tannic acid derivatives for
denaturing indoor allergens bas resulted in miscellaneous effectivity,
significant in carpets but not in soft furnishings 31 • 1t should be noted that
allergen measurements in the presence of tannates have a decreased
reliability; allergen readings are lower than they should32 • Denaturating
allergens may not be of much benefit, as van Milligen showed: Different
types of denatured Fel d I were still able to provake allergie responses in
sensitized individuals26 •
Will treatment with this emollient be beneficious to patients? Viewing the
presented results, it may be clear that there is a significant decrease in
allergen in the dust. The cats' fur is also gradually discharged of loose
flakes. The total amount of emollient used was relatively low according to
the manufacturer, which indicates that a further reduction in allergen may
be possible. The difference in amount originates from a smaller size of
washcloth used in the Netherlands, compared to the United States.
The results in the present study seem to be in conflict with the pubHeation
by Klucka et al. 33 , who found no reduction, in fact even an increase in
Fel d I shedding following either washing, emollient treatment or
Acepromazine treatment. Their cats were housed in a plexiglas chamber.
The location of the cat in the present study is more natura!. Furthermore,
the application metbod of Klucka et al. disagrees with the description of
the manufacturer in at least one way: The cat's pelt was not wetted all
over, the perireetal area was avoided, and an even smaller volume of
emollient was used.
Only in clinical trials it may become clear whether the decrease in
allergen exposure is sufficient to reduce allergie symptoms of patients in a
significant percentage. The best choice for cat allergie patients is still to
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get rid of their cat. However, the many allergie cat friends must have
another option. In our view, a weekly treatment with the grooming
emollient is worthy of further investigation. Treatment with the emollient
is more practical compared to washing, while it takes less time and is
more appreciated by the cats. Claims of cat skin proteetion can not be
convincingly deduced from the three consecutive treatments in present
study.
However, concurrent with emollient treatment, other avoidanee measures
are necessary. The allergen reservoirs in the home should be reduced to a
minimum, and all surfaces, including walls, should be cleaned regularly,
as was advocated for mite allergen avoidance34 •
Although the air sampling assay should be re-evaluated, the effectivity of
avoidanee measures for allergens of cats and other pets may be measured
in a Iabaratory procedure as described in present study. The practicality
and efficacy of an effective measure should be verified in a further study
in homes.

Acknowledgements
Part of this study was performed at the Central Labaratory of the Netherlands Red Cross Blood Transfusion Service (CLB), Amsterdam, under
supervision of dr. R.C. Aalberse and at the Allergy Lab of Sahlgrens
Hospital, Göteborg, under supervision of dr. L. Belin. We thank M.
Mulder and A. Stähl for analytica! help, P. Roosjen for daily cat care,
and the Stichting Minibiologisch Onderzoek, Rotterdam for financial
support.

Raferences
1. Bronswijk, J.E.M.H. van., 1981. House dust biology for allergists,
acarologists and mycologists. NIB, Zeist, the Netherlands. p.43
2. Desjardins, A., Benoit, C., Ghezzo H., L'Archeveque J., Leblanc C.,
Paquette L., Cartier A., Malo, J.L., 1993. Exposure to dornestic animals and
risk of immunologie sensitization in subjects with asthma. J Allergy Ciin
Immunol 91,979-986.
3. Linna, 0., 1983. Environmental and social influences on skin test results in
children .. Allergy 38,513-516.

127

cat allergen avoidanee

4. Popp, W., Rauscher, H., Sertl, K., Wanke, T., Zwick, H., 1990. Risk
factors for sensitization to furred pets. Allergy 45,75-79.
5. Lind, P., Norman, P.S., Newton, M., Lowenstein, H., Schwartz, B., 1987.
The prevalenee of indoor allergens in the Baltimore area: house dust-mite and
animal-dander antigens measured by immunochemical techniques. J Allergy Clin
lmmunol 80,541-547.
6. Blay, F. de, Chapman, M.D., Platts-Mills, T.A.E., 1991. Airborne cat
allergen (Fel d 1). Environmental control with the cat in situ. Am Rev Respir Dis
143,1334-1339.
7. Warner, J.A., Little, S.A.,Pollock, 1., Longbottom, J.L., Warner, J.O.,
1991. The influence of exposure to house dust mite, cat, pollen and fungal
allergens in the home on primary sensitization in asthma. Pediatr Allergy
Immunol 1, 79-86.
8. Evans, R., 1992. Environmental control and immunotherapy for allergie
disease. J Allergy Clin Immunol 90,462-468.
9. Ohman, J.L., Baer, H., Anderson, M.C., Leitermann, K., Brown, P., 1983.
Surface washings of living cats: an improved method of obtaining clinically
relevant allergen. J Allergy Clin Immunol 72,288-293.
10. Groot, H.de, van Swieten, P., Aalberse, R.C., 1990. Evidence for a Fel d
I-like molecule in the "big cats" (Felidae species). J Allergy Clin Immunol
86,107-116.
11. Bartholomé, K., Kissler, W., Baer, H., Kopietz-Schulte, E., Wahn, U.,
1985. Where does cat allergen 1 come from? J Allergy Clin Immunol 76,503506.
12. Milligen, F.J van, Vroom, T.M., Aalberse, R.C., 1990. Presence of Fe/is
domesticus allergen in the cat salivary and lacrimal glands. Arch Allergy Appl
Immunology 92,375-378.
13. Luczynska, C.M., Li, Y., Chapman, M.D., Platts-Mills, T.A.E., 1990.
Airborne concentrations and partiele size distribution of allergen derived from
dornestic cats (Felis domesticus). Measurements using cascade impactor, liquid
impinger, and a two-site monoclonal antibody assay for Fel dI. Am Rev Respir
Dis 141,361-367.
14. Charpin, C., Mata, P., Charpin, D., Lavaut, M.N., Allasia, C., Vervloet,
D., 1991. Fel d I allergen distribution in cat fur and skin. J Allergy Clin
Immunol 88,77-82.
15. Dabrowski, A.J., Brempt, X. van der, Soler, M., Seguret, N., Lucciani, P.,
Charpin, D., Vervloet, D., 1990. Cat skin as an important souree of Fel d I
allergen. J Allergy Clin Immunol 86,462-465.
16. Wentz, P.E., Swanson, M.C., Reed, C.E., 1990. Variability of cat-allergen
shedding. J Allergy Clin Immunol 85,94-98.
17. Enberg, R.N., Shamie, S.M., McCullough, J., Ownby, D.R., 1993.
Ubiquitous presence of cat allergen in cat-free buildings: probable dispersal from
human clothing. Ann Allergy 70,471-474.
128

chapter 4.3

18. Dybendal, T., Elsayed, S., 1992. Dust from carpeted and smooth floors. V.
Cat (Fel d I) and mite (Der p I and Der f I) allergen levels in school dust.
Demonstration of the basophil histamine release induced by dust from classrooms. Clin Exp Allergy 22,1100-1106.
19. Dybendal, T., Elsayed S., 1994. Dust from carpeted and smooth floors Vl.
Allergens in homes compared with those in schools. Allergy 49,210-216.
20. Schwartz, B., Lind, P., Lowenstein, H., 1987. Level of indoor allergens in
dust from homes of allergie and non-allergie individuals. Int Arch Allergy Appl
lmmunol 82,447-449.
21. Brempt, X. van der, Charpin, D., Haddi, E., Da-Mata, P. and Vervloet, D.,
1991. Cat removal and Fel d I levels in mattresses. J Allergy Clin lmmunol.
88,595-596
22. Wood, R.A., Chapman, M.D., Adkinson, N.F.J., Eggleston, P.A., 1989.
The effect of cat removal on allergen content in household-dust samples. J
Allergy Clin lmmunol 83,730-734.
23. Squillace, S.P., 1992. Environmental controL Otolaryngol Head Neck Surg
107,831-834.
24. Glinert, R., Wilson, P., Wedner, H.J., 1993. Fel dI is markedly reduced
following sequentia! washing of cats. J Allergy Clin lmmunol 91,225 (abstract).
25. Kniest, F.M., 1991. Settled house-dustand its aerosols, their importance for
allergie patients. J Aerosol Sci 22,827-830
26. Chapman, M.D., Aalberse, R.C., Brown, M.J., Platts-Mills, T.A.E., 1988.
Monoclonal antibodies to the major feline allergen Fel d I. 11. Single step
purification of Fel d I, N-terminal sequence analysis, and development of a
sensitive two-site immunoassay to assess Fel d I exposure. J Immunol 140,812818.
27. Wassenaar, D.P.J., 1988. Reducing house dust mites by vacuuming. Exp
Appl Acarol4,167-171
28. Blay, F. de, Richard, M.C., Ott, M., Verot, A., Pauli, G., 1993. Effects of
air cleaners on the concentrations of airborne major cat allergen (Fel d 1). J
Allergy Clin lmmunol 93,250.
29. Woodfolk, J.A., Luczynska, C.M., Blay, F.de, Chapman, M.D., PlattsMills, T.A.E., 1993. The effect of vacuum cleaners on the concentration and
partiele size distribution of airborne cat allergen. J Allergy Clin lmmunol 91,829837.
30. Warner, J.A., Marchant, J.L., Warner, J.O., 1993. Allergen avoidanee in
the homes of atopie asthmatic children, the effect of Allersearch DMS. Clin Exp
Allergy 23,279-286.
31. Woodfolk, J.A., Hayden, M.L., Miller, J.D., Rose, G., Chapman, M.D.,
Platts-Mills, T.A.E., 1994. Chemical treatment of carpets to reduce allergen: a
detailed study of the effects of tannic acid on indoor allergens. J Allergy Cl in
Immunol 94,19-26.
32. Milligen, F.J. van, Swieten, P. van, Aalberse, R.C., 1993. Structure of the
129

cat allergen avoidanee

major cat allergen Fel d I in different allergens sources: an immunoblotting
analysis with monoclonal antibodies against denatured Fel dI and human IgE. Int
Arch Allergy Immunol 99,63-73.
33. Klucka, C.V., Ownby, D.R., Green, J., Zoratti, E.M., 1995. Cat shedding
of Fel d I is not reduced by washings, Allerpet-C spray, or acepromazine. J
Allergy Clin Immunol 95,1164-1171
34. Bronswijk, J.E.M.H. van, Schober, G., 1991. Management of mite development in the home. In: The Acari: Reproduction, Development and Life-History
Strategies. ed. by Schuster, R., Murphy, P.W. Chapman and Hall, London. pp.
507-516.

130

chapter 5

5
General discussion

The concept of allergen avoidanee is increasingly acceptable and accepted
as a clinically effective component of the individual treatment or prevention plan in case of allergies originating indoors 14 . But problems remain
concerning the exact definition of the patient group that may benefit
relevantly. Looking into the problem more closely, it is apparent that also
the process through which avoidanee works in reducing allergie symptoms
is not clear.
Much confusion exists concerning the way an effective allergen avoidanee
program should be executed. What are the aims? Little inconvenience for
the patient and other members of the houschold to prevent them from
terminating the project? Low cost? Avoidance without diminishing
comfort? Only feasible measures? High clinical effectiveness? It is
amazing how scarcely the real aims are mentioned explicitly when
avoidanee studies are started, or when a patient receives an allergen
avoidanee advice.
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We consicter a good avoidanee procedure to be easy to perform, not
asking for major life style changes, of low cost, and especially being
highly effective. A careful combination of simple procedures give the best
result5•6 . However, some advised procedures do still ask for such thorough changes in attitude that they are consciously ignored by the patient.
Removing cat or carpet, increasing ventilation teading to more heating
costs, are some examples.
Therefore it is important that the patient has different options at his
disposal with preferably about the same effectiveness towards avoidanee
goals. The availability of equally effective options is also an answer to the
difficult problem of multiple avoidanee aims, most of them bidden from
discussion, as mentioned above. In case of a cat allergy well known
effective options are getting rid of the cat or washing it daily. The weekly
use of an effective grooming emollient would be less cumhersome than
washing. In fact it appeared just as effective as frequent washing in
exposure reduction (chapter 4.3), but dornestic experiments should be
performed befare deciding on the incorporation of this procedure in the
list of effective methods.
Since results of dwelling investigations have a high variability, testing the
efficiency of allergen avoidanee procedures is only possible in quite large
dwelling investigations, or smaller, valid Iabaratory tests. Most existing
Iabaratory tests are hardly camparabie with the dornestic situation e.g. as
far as temperature7•8 or mite food 9' 11 is concerned. In this thesis the
practical effectivity of avoidanee procedures on mites and fungi in textiles
is measured in a semi-natural Iabaratory test system. Validity could be
assessed with data derived from actual dwellings and proved to be sufficient (chapter 3.1). A new model was constructed to adapt to the situation
on walls, room partitions and ceilings, based on the dwelling research of
Kort 12 • Also in this case validity was no limiting factor in predicting the
actual dwelling situation (chapter 3.2).
Reproducibility assessment of the semi-natural test system included data
produced by 9 different investigators over a time period of 7 years. As
long as the mite or fungal growth reduction efficacy of a product or
procedure is sufficiently high to be applicable to the Dutch dwelling
situation, the reproducibility of the metbod was extremely high (e.g.
standard deviation 1 % at 99% growth reduction) (chapter 4.1). However,
some avoidanee procedures are hard to perfarm on the lOxlO cm square
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test surfaces. In the future introduetion of a dynamic temperature and
humidity regimen (as described by de Boer13) can make the semi-natural
test system even more comparable to dornestic circurnstances.
Soiling and pollution of surfaces in the home are key factors in practical
home sanitation. lt was found, however (chapter 3.3), that not all domestic dirt types are conductive to pyroglyphid mite growth. A minimum
amount of protein should be available to the mites. The artificial house
dust we use in the semi-natural test system is probably a borderline
habitat as far as protein is concerned, making it a less than optimal
feeding medium. Future research should look into the problem of an
artificial dust with the same soiling power as normal house dust but with
a more elevated protein level as compared to the current artificial dust.
Other effectors in the dust layer could be protein-denaturating agents such
as tannic acid. Tannic acid and the grooming emollient studied have,
however, lead to lower measurable allergen concentrations as determined
for the latter by the ELISA system used (chapter 4.3). This makes it
difficult to assess the importance of their denaturating effect on allergenie
proteins in actual house dust. Here further investigations are needed, too.
In allergen avoidanee endeavours, assessing the level of exposure is the
connecting step between avoidanee activities and clinical measurements. A
debate exists on the best exposure assessment. While most investigators
agree that dust measurements are more relevant clinically than air
measurements 14 , the choice of the most reliable marker for exposure
remains obscure: Der p I, group I allergens (Der p I + Der f I) and
guanine are the most common candidates that were put forward. The
interrelations among these three markers are not constant. In a seminatmal test system we found values for the daily production by mites of
Der p I and guanine that were a factor 5 to 50 lower than reported from
the literature (chapter 2.3). Allergen and guanine produced under domestic conditions will partly leave the production site in becoming airborne
and be transported to surfaces that were never actually inhabited by the
mites. This will result in bath a seemingly lower production of allergen
and guanine by the mites, and an extension of clinically relevant polluted
surfaces in the home.
No data do exist that prove that any of the three mite exposure markers
mentioned above have a better correlation with asthmatic complaints of
133

general discussion

patients than one of the others. They all have interpretation problems. Der
p I may assess exposure to Dermatophagoides pteronyssinus only, disregarding any other pyroglyphid or non-pyroglyphid allergenie mite that
may be present. This disadvantage is diminished when Group-I mite allergens are looked at, but still the storage mites are overlooked. Guanine
determinations do not have this disadvantage since all species of mites
present contribute to the guanine reservoir in the dust. However, the
numeric relationship between allergen and guanine production per mite
may he different for pyroglyphid and starage mites 12 • In experimental
setups most of the mentioned disadvantages of the three markers can be
overcome by camparing only between spaces in the same home, or
between different points of time in the same dwelling. The allergen
exposure model developed in this thesis takes this into account (chapter
3).
Although it is hard to choose between the markers on the basis of validity
for clinical symptoms, another discriminating factor: costs, is commonly
overlooked. We calculated (chapter 2.2) that analysis cost per sample
amounted to 4.50 ECU for a semi-quantitative guanine dipstick test for
routine use by patients and 12 ECU for a quantitative guanine test with
the aid of HPLC. This is much cheaper than the commercial analyses of
Der p I and Group-1 allergen tests that cost approximately 25 ECU. As
long as it is not proven that allergen tests have a better predictive value
for clinical symptoms than guanine analyses, it appears wise to employ
guanine analyses.
Mathematica! and Iabaratory rnadeis generate possibilities to study the
actual efficacy of allergen avoidanee procedures, befare embarking on the
ethically more restricted clinical trials. The mathematical model made
clear that measuring mite allergen exposure on one surface in the home
only, is not clinically relevant since changes in mite-product content in
only one sample per dwelling does not correlate with changes in severity
of allergie symptoms. On the average in Dutch homes, eight different dust
samples were proven to obtain a relevant indication of mite allergen
exposure (chapter 2.1). In an Australian home Tovey 15 found that mite
allergens are irregularly distributed over a· single wall-to-wall carpet of a
room. In extremely dry climates, where the bed is the main souree of
mite allergen exposure, taking one sample may be valid. However, for
reason of feasibility of study-setup it is advocated in both the dry and the
humid regions of the world to take one sample per home only, without
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first studying the distribution of living mites in the elimate and type of
dwelling under study. This could have been the reason why some
avoidanee studies did not give a clear result 16 •
·
Three different laboratory models are presented in this thesis: semi-natural
test system for horizontal surfaces with soiled surface faced up for mites
and fungi, semi-natural test system for vertical surfaces and horizontal
surfaces with the soiled surface facing downward (also for mites and
fungi) and the Iabaratory cat-allergen production set up. The cat system
needs further development before it can he used reliably to predict the
household situation. The models for mites and fungi, however, proved to
he reliable tools to predict mite or fungal control efficacy in dwellings,
thus creating a tooi for quick assessment and comparison of new products
and procedures overflowing the market nowadays, before incorporating
these innovations into clinical avoidanee (test) programs.
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6
Summary

Allergen avoidanee in the home environment.
A Iaberatory evaluation of measures against mite, fungal and
cat allergens.
Since the seventies allergie diseases such as asthma, rhinitis, and atopie
dermatitis increased appreciably. One of the major causes of this phenomenon is the increase in allergen exposure in the home environment.
The three main groups of indoor allergen producers include mites, fungi
and pets. Treatment of allergie inflictions consists of drugs to suppress
symptoms, immunomodulation and preventive measures, the latter
attracting more attention lately. These so-called avoidanee procedures aim
at a reduction of the allergen content of the home. Options include
removal or compartmentation of allergen reservoirs and extermination of
allergen sourees. In practice these procedures contain household activities
as wellas maintenance technology and building changes.

In this thesis the interrelations between avoidanee procedures and the
allergological quality of the indoor environment is studied with the aid of
mathematica! and laboratory models. The aim is to assess effectiveness
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and efficacy of the measures in order to predict their clinical relevance.
The mechanism on which the different procedures are based was also
subject of study.
A mathematical model has been constructed to assess the total mite allergen exposure in a single home. Quantities of mite allergen in home
textiles formed the basis of this model. Length of exposure, rate of
textile versus non textile surface, number of human inhabitants and their
activities were taken into consideration. Total mite allergen content was
assessed by guanine analysis of collected house dust. Usually around 8
different dust samples from different textiles in the home were needed to
give a clinically relevant indication of the total mite allergen exposure in
the home. The different possibilities to measure guanine in the dust were
also compared. When very accurate and precize values are needed, HighPerformance Liquid Chromatography (HPLC) is the metbod of choice. A
semi-quantitative metbod using a dipstick is useful in routine mite avoidanee counselling.
Two different semi-natural laboratory models for acarological and fungal
evaluations are enhanced and validated. The first one was previously
described by Schober, a memher of our task group. It addressed the
horizontal, soiled-side-up surfaces in the home that collect dust easily to
form a niche for mites and fungi. The second model imitates vertical
surfaces (walls and room partitions) and horizontal surfaces with the
soiled side facing downward (ceilings). Those surfaces collect less dust
and dirt. But the organic pollution present, in combination with certain
elirnatic circumstances, make fungal and mite growth possible. Both
roodels appeared to be sufficiently reproducible and valid in their predictive value towards the actual dwelling situation.
Both laboratory roodels were subsequently used to test procedures to
reduce allergen exposure to such an extent that the indoor environment
becomes more suitable for the allergie inhabitant.
The tested products included acaricides, products aiming at preventing the
allergens to become airborne, and houschold cleaners with or without
fungistatic or acaricidal properties. Most effective products against mites
included Acarosan powder formula and liquid nitrogen.
A third laboratory model concerns the diminishing of exposure to cat
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allergen. Both dispersal of the allergen and allergen reservoirs were
studied before and after the use of grooming emollient. The emollient did
diminish cat allergen exposure in the Iabaratory room used, but it became
not clear if the reduction was large enough to result in a clinical impravement of allergie symptoms under dornestic conditions.
Mathematical rnadelling of allergen exposure started with the results of an
avoidanee study of 20 rhinitic patients publisbed earlier. These patients
were followed for one year, during which time period mite avoidanee
measures were performed. Symptom scores as wellas guanine content of
home textiles were known from before and at the end of the 12 months
period, A correlation between the guanine content and symptom scores
was found but only when all home textiles were taken into account. When
only a selection of these textiles was used (e.g. only the bed) the relation
with the symptoms disappeared.
Pets are allergen sourees that can not always be avoided by the pet
allergie patient. The weekly use of a grooming emollient aiming at
reducing exposure to cat allergen resulted in a reduction of cat allergen in
a carpet of 50% (only). The Iabaratory room was furnished with new
carpet and the walls were freshly cleaned. Under these circumstances the
allergenie ernanation of three cats during a two-week period were not
measurable in the room air. Apparently the allergenie aerosol is trapped
by carpet and/or walls and remains there as long as no disturbance occurs
the surfaces are not saturated with particles.
Dornestic measures against other allergen sources, such as mites and
fungi, should prevent a new increase of allergen pollution. With the seminatura} model for horizontal textile surfaces, it became clear that the best
mite exterminating procedures are effective for 3 months in succesion,
and not 6 months as was believed earl ier.
Walls, room partitions and ceiling are conductive to growth of fungi and
starage mites with even a minimal organic soiling. The fungistatic effect
of four special cleaners (Glorix-zonder-chloor, Basiment NT, Apesin 100,
and Bison schimmelvreter) was disappointing in the semi-natural test.
Presumably the combination of cleaning and extermination enhances the
effectivity of these products under dwelling conditions. Apesin 100 was
previously reported to be effective in the dwelling of a patient with fungal
allergy.
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Carpet dust containing little protein has a small chance to become miteinfested. By performing not only an allergen test (Acarex) but also a
simple protein evaluation of carpet dust, patients could assess the mite
risk of their carpets.
The three laboratory models used in this thesis enable an accurate,
reproducible and relatively cheap assessment of the efficacy of avoidanee
products and services to be used in the dornestic environment. A positive
outcome of these test may be used as an actdition to the CE-quality labels
for medical devices (Class I), that assess safety and low environmental
impact only.
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7
Samenvatting

Allergeenvermijding in de huiselijke omgeving.
Een laboratoriumstudie van maatregelen tegen mijte-, schimmel- en katte-allergenen
In West-Europa is het voorkomen van allergie-gerelateerde ziektes zoals
astma, chronische neusklachten en constitutioneel eczeem sinds de jaren
zeventig duidelijk toegenomen. Een belangrijke oorzaak hiervoor is een
grotere blootstelling aan allergenen in de huiselijke omgeving. De drie
belangrijkste groepen van allergeenproducenten in het binnenmilieu zijn
mijten, schimmels en huisdieren. Naast medicamenteuze aanpak, door
onderdrukking van allergische symptomen en aanpak van de immunologische reacties in het lichaam, worden nu preventieve maatregelen steeds
meer aangewend. Deze zogenaamde sanatiemaatregelen hebben tot doel de
hoeveelheid allergeen materiaal in huis te verminderen. Dit kan door het
verwijderen of afdekken van de allergeenreservoirs, en/of door het
uitroeien van de allergeenbronnen. De te treffen maatregelen vallen deels
binnen de huishoudelijke werkzaamheden, maar ook bouwkundige en
onderhoudstechnische ingrepen zijn belangrijk.
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In dit proefschrift is de wisselwerking onderzocht tussen allergologische
sanatiemaatregelen en de kwaliteit van het binnenmilieu met behulp van
wiskundige en laboratoriummodellen. Het doel hiervan was de praktische
effectiviteit van maatregelen te kunnen beoordelen en te vergelijken, en
mechanismen die aan de verschillende maatregelen ten grondslag liggen te
begrijpen, om te kunnen voorspellen of bepaalde maatregelen in huis bij
zullen dragen tot minder allergische klachten bij de bewoner.
Allereerst is een mathematisch model opgesteld waarmee de totale blootstelling aan mijteallergenen in huis kan worden gewaardeerd. Op basis
van de hoeveelheid mijteallergeen in textiele materialen is een beoordeling
van een allergeenblootstelling gemaakt, rekening houdend met parameters
als duur van blootstelling, ratio van de oppervlakte aan textiel versus niettextiel, medebewoners, mate van activiteit. In plaats van een of meerdere
mijteallergenen is de concentratie aan guanine gemeten, een daaraan
gecorreleerde stof. Het bleek dat gemiddeld 8 verschillende stofmonsters
van woningtextiel genomen moesten worden om de klinisch relevante
allergeenblootstelling te kunnen bepalen. De verschillende mogelijkheden
om guanine te meten en de relatie van guanine met het 'major' allergeen
Der p I is onderzocht en vergeleken. De meest nauwkeurige en reproduceerbare guaninewaarden werden verkregen met High-Performance Liquid
Chromatograpy (HPLC). Als screening bij routinematige advisering over
te nemen maatregelen tegen huisstofmijten(-allergeen) kan een semikwantitatieve dipstick-test worden gebruikt.
Vervolgens zijn twee semi-natuurlijke laboratoriummodellen voor het
onderzoeken van schimmels en mijtenpopulaties verder uitgewerkt en
gevalideerd. Het eerste model dat reeds werd beschreven door G. Schober
van onze werkgroep, bootst de horizontale, naar boven gerichte oppervlakken in huis na, waarop stof wordt gevangen en mijten en schimmels
een niche kunnen vinden. Het tweede model imiteert de minerale of
houten wanden en plafonds, die minder stof vangen, maar door organisch
materiaal en bepaalde klimaatomstandigheden schimmels of mijten kansen
geven voor overleving. Beide modellen bleken goed reproduceerbaar te
zijn en valide voor hun voorspellende waarde voor de woningsituatie.
Tenslotte zijn met deze modellen maatregelen getoetst, die zouden kunnen
bijdragen tot een verlaging van de allergeenblootstelling en daarmee tot
een verbetering van de woonomgeving voor de allergische bewoner.
Onder de geteste middelen bevonden zich diverse acariciden, middelen die
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de verspreiding door de lucht tegen moeten gaan, en huishoudelijke
schoonmaakmiddelen met of zonder een toegevoegde schimmel- of
mijtdodende werking. De meest effectieve middelen tegen huisstofmijten
bleken de Acarosan®-formulering voor tapijt (een gecombineerd reinigings- en acaricideformulering) en vloeibaar stikstof te zijn. Het derde
laboratoriummodel betreft de vermindering van blootstelling aan katteallergeen. De aanpak van de verspreiding en reservoirvorming van Fel dI
met behulp van een vachtverzorgingsmiddel is getest in een gestoffeerde
laboratoriumruimte. Het vachtverzorgingsmiddel bleek inderdaad in staat
de blootstelling te verminderen, maar het is nog niet duidelijk of dit
voldoende is voor een klinische verbetering onder huiselijke omstandigheden.
De wiskundige modellering van de allergeenblootstelling werd toegepast
op een sanatiestudie met 20 patienten met allergische neusklachten, die
gedurende een jaar gevolgd waren. Op grond van twee sets bemonsteringen van alle in huis aanwezige textiele woninginrichtingsmaterialen met
negen maanden tijdsverschil voor en na een schoonmaakregime blijkt
kwantitatief dat een vermindering in allergeenblootstelling (gemeten via
guanine) in relatie staat tot het aantal en de ernst van de symptomen van
de allergische patiënten. Daarbij werd gevonden dat wanneer gebruik
wordt gemaakt van een selectie van textiele stotbronnen, bijvoorbeeld
alleen het bed, er geen relatie met de ernst van de neusklachten kan
worden gevonden.
Huisdieren zijn allergeenbronnen, die door de patiënt om verschillende
redenen soms niet kunnen worden vermeden. Het wekelijkse gebruik van
een commercieel vachtverzorgingsmiddel zorgde voor (slechts) 50%
reductie van de hoeveelheid katte-allergeen (Fel d I) in tapijt. Bijzonder
was dat in de laboratoriumruimte met nieuw tapijt en gereinigde wanden
en plafonds, het allergeen materiaal van drie daar gedurende twee weken
verblijvende katten niet in de lucht meetbaar is, enkele minuten nadat de
katten weggehaald zijn. De allergene deeltjes worden kennelijk door het
tapijtenlof de wanden opgenomen, en blijven daar zolang geen verstoring
optreedt en de oppervlakken niet met deeltjes verzadigd zijn.
Maatregelen in huis tegen andere allergeenbronnen zoals mijten en
schimmels, moeten voorkomen dat binnen enkele maanden na de eerste
afdoding van deze organismen de allergeenbelasting (opnieuw) te hoog
wordt. Met het semi-natuurlijke model voor horizontale textiele materialen
143

samenvatting

werd gevonden dat de beste mijtdodende middelen niet 6 maanden
werken, maar slechts 3 maanden, en dus in Nederland drie maal per jaar
moeten worden gebruikt (voorjaar, mid-zomer, en najaar).
Wanden en plafonds kunnen al na een lichte vervuiling een voedingsbodem vormen voor schimmels en voorraadsmijten. Het schimmelwerende
effect van 4 verschillende reinigingsmiddelen (Glorix-zonder-chloor®,
Basiment NT®, Apesin 100® en Bison schimmelvreter®) bleek in de seminatuurlijke test niet sterk. Vermoedelijk geeft de combinatie schimmeldoding en reiniging een beter effect, zoals al eerder is aangetoond in een
huis van een patiënt met schimmelallergie.
Tapijtstof waarin zich stof bevindt met een laag eiwitgehalte heeft weinig
kans op mijtenontwikkeling. Door naast een allergeentest (Acarex®) ook
een eenvoudige eiwit-test te doen op het stof uit zijnihaar tapijt, kan
iedere patiënt zelf bepalen of dat tapijt een allergeen-risico is.
De drie in dit proefschrift gebruikte laboratoriummodellen maken een
nauwkeurige, reproduceerbare, en relatief goedkope beoordeling mogelijk
van de effectiviteit van sanatiemiddelen en methoden in de praktijk. Een
positieve effectiviteitsbeoordeling door middel van de mijten- en schimmel-modellen kan als aanvulling dienen op de CE-keurmerken voor medische hulpmiddelen (klasse I) die op dit moment alleen veiligheid en
milieuvriendelijkheid beoordelen.
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Stellingen, behorend bij het proefschrift 'Allergen avoidance in the home environment. A laboratory evaluation
of measures against mite, fungal and cat allergens' van
Wiet Koren.

1

Het gebruik van eiwit-denaturerende substanties zoals tannine
in allergeenvermijdingsmiddelen heeft meer invloed op de
gebruikelijke meetmethoden (ELISA's) dan op de allergeniciteit van het behandelde stof.
Woodfolk et al., 1994. J Allergy Clin Immunol 94,19-26; Dit proefschrift, hoofdstuk 4.3

2

Het schatten van de blootstelling van een allergische patient
aan huisstofallergenen aan de hand van de allergeenconcentratie van een enkel object is een riskante extrapolatie.
Tovey, E.R., 1995. Mites, Àsthma and Dornestic Design IJ.
pp.l4-18; Dit proefschrift, hoofdstuk 2.1.

3

De term 'major allergen' is een misleidend begrip waar het
gaat om de behandeling van individuele patiënten.
Berrens,L., 1994. Clin Exp Allergy 24,606-609; Dreborg,S., et al.,
1994. Clin Exp Allergy 24,610-611.

4

De werking van de acariciden Acarosan en Allersearch BT
tegen huisstofmijten is onder voor mijten gunstige omstandigheden minder effectief en van kortere duur dan in de produkthandleidingen staat aangegeven.
Dit proefschrift, hoofdstuk 4.1, 4.2.

5

Het sick-building syndroom wordt vaak geconstateerd en
behandeld op grond van óf biologisch, óf fysische, óf (bio-)
chemische, óf psychosociale kenmerken, terwijl het probleem
en de oplossing ervan ligt in een combinatie van deze factoren
en bijbehorende disciplines.

6

De bestrijding van huisstofmijten door middel van vochtvreters is te vergelijken met dweilen bij een open kraan.
Custovic et al., 1995. Clin Exp Allergy 25,312-316

7

De in het· Bouwbesluit voorgeschreven minimale ventilatievoorzieningen zijn onvoldoende ter voorkoming van schimmel- en mijtenproblemen in een groot deel van de Nederlandse
woningen, tenzij deze worden gecombineerd met een hogere
dan de voorgeschreven vloerisolatie.
O.C.G. Adan, 1994. On the Jungal defacement of intertor finishes.
Thesis, Eindhoven University of Technology, Eindhoven.

8

De allergeenproduktie van huisstofmijten die zijn gekweekt op
niet-huiselijke groeimedia is niet zonder meer vergelijkbaar
met het allergeenpakket van 'wilde' huisstofmijten.
Colloff, M.l., 1987. Exp Appl Acarol 3,191-200; Dit proefschrift,
hoofdstuk 2.3.

9

Het instellen van vierjarige assistent-in-opleiding-plaatsen
zonder salariëring (beurs-AIO's) zal de wetenschappelijke
promotie degraderen.

10

De term 'anti-allergisch' in relatie tot textiele materialen is
misleidend en moet worden vervangen, waar van toepassing,
door 'wasbaar'.

11

Het Nederlands voetbalelftal wordt in 1996 geen Europees
kampioen omdat het zich permitteert een aanval in het vijandelijke 16-meter-gebied voort te zetten met rondspelen via de
eigen helft (TV-beelden NOS, 6 september en 11 oktober
1995).

