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The role of pollens, mammalian danders,  and house dust  in the provocation 
of asthma and allergic rhinitis has long been recognized. The recognition of 
arthropods, such as mites and insects, as important sources of inhalant al- 
lergens is more recent, and it was only in 1964 that house dust  mites of the 
genus Dermatophagoides were shown to be the most  common source of house 
dust  allergen. 

This chapter discusses the progress of knowledge of allergy to mites in- 
cluding consideration of house dust  allergy, the identification of allergens, 
and the development  of an International Standard (IS) for D pteronyssinus 
extract. In addition, the availability, safety, and efficacy of diagnostic and 
therapeutic procedures used in house dust  allergy are discussed with a sum- 
mary of clinical trials of mite extracts to date. 

H i s t o r y  a n d  E p i d e m i o l o g y  of  A r t h r o p o d  A l l e r g i e s  

Over 1 million species of arthropods exist, of which the vast majority are 
insects, arachnids (approximately 50,000 species), and acari (ticks and mites, 
some 40,000 species).1 Characterization of the acari are particularly incomplete 
and it is thought  that only a small proportion of species that exist have been 
classified. Only a small proportion of ar thropod species are known to produce 
inhalant allergens. The first allergic disorder attributed to mites was an out- 
break of "epidemic asthma" in grain workers. 2 The cause was the predatory 
mite, Pyemotes (Pediculoides) ventricosus, which feeds on the larvae of insects 
that infest grain and straw. 

Table 1 shows some of the mites and insects commonly encountered in 
allergy and indicates their taxonomic relationships. The most  frequently im- 
plicated arthropods in allergy are the Pyroglyphid mites of the genus Der- 
matophagoides. These mites are so commonly found in house dusts that they 
have become known as "house dust  mites." Most are of the species D pter- 
onyssinus (Fig. 1), D farinae, and D microceras. The species D pteronyssinus, 
identified in house dust  by Fain, 6 was shown to be very common by Voorhorst 
et al 7 who  demonstrated a close correlation between the number  of mites and 
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Table 1. Relationships Between Athropoda of Allergenic Potential 

Class Order Family Genera & species Common name 

Arachnida Astigmata Pyroglyphidae Euroglyphygus maynei, Dust mites 

Insecta 

Prostigmata 

Orthoptera 
Dictyoptera 

Coleoptera 

Diptera 

Hymenoptera 
Lepidoptera 

Acaridae 

Glycyphagidae 

Cheyletidae 
Tarsonemidae 
Pyemotidae 
Acridoidae 
Blattidae 

Curculionidae 

Chironomidae 

Muscidae 
Calliphoridae 

Apidae 
Bombycidae 

Dermatophagoides 
pteronyssinus, D farinae, D 
microceras 

Acarus siro, Tyrophagus 
putrescentiae, T Iongior 

Glycyphagus domesticus, G 
destructor 

Cheyletus troussarti 
Tarsonemus spp 
Pyemotes ventricosus 
Locusta migrateria 
Periplaneta americana, 

Leucophaea maderae, Blatta 
orientalis, Blattella germanica 

Tribolium confusum 
Sitophilus granarius 
Chironomus riparius (C thummi) 
Cladotanytarsus lewisi 
Musca domestica 
Calliphora spp 
Cochlionyia hominivorax 
Apis melliphora 
Bombyx mori 

Storage mites 

Predatory mites 
Damp dust mites 
Predatory mites 
Locust 
Cockroaches 

Flour beetle 
Grain weevil 
Midges, bloodworm 
"Green nimitti" 
House fly 
Bluebottle 
Screwworm 
Honey bee 
Silkworm moth 

From Blythe, 3 Wharton, 4 and BeUas. s 

Figure 1. Scanning EM of D pteronyssinus with fecal particles. 
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the allergenicity of house dust. Since then mites have been found in the house 
dust of every country in the world where their presence was sought. 8-13. 
Furthermore, in a tropical area where mites were previously rare, an increase 
both in the number of D pteronyssinus and in cases of asthma occurred when 
blankets were introduced.54 

In individual numbers the Pyroglyphidae usually exceed the numbers of 
all other arthropod groups put together, forming 70 to 92% of the mites from 
floor and carpet dust and 90 to 97% of those from domestic mattress dust in 
the United Kingdom. 3 Japanese workers found 36 different mite species in 
house dust. 9 

D pteronyssinus is the predominant species in houses in the United Kingdom 
and in Northern Europe, whereas D farinae tends to replace it in areas that 
have larger seasonal changes in relative humidity. The latter is common in 
the United States 15 but is rarely encountered in the United Kingdom. As many 
as 3000 mites/100 mg have been found in dust from mattresses, 3 whereas 
Korsgaard 16 has suggested that greater than 100 mites/gram of dust should 
be regarded as a risk factor for the development of mite allergic asthma. 

Dermatophagoides mites, as their name suggests, live on human skin scales, 
which form a major part of house dus tman adult human sheds up to 5 g of 
skin scales per week. 17 Other groups of mites including Acarus siro, Tyrophagus 
putrescentiae, Glycyphagus domesticus, and G destructor, which are often referred 
to as storage mites, are mainly pests of stored grain but have been held 
responsible for "barn allergy" in farm workers, is 

In 1967 Voorhorst et al 7 showed that D pteronyssinus fulfilled all the nec- 
essary requirements to be the major source of allergen in house dust; ie, 
ubiquitous distribution, specificity, seasonal variation in allergen content, and 
present in high enough concentrations. Although other biologic materials in 
house dust such as mammalian dander, pollen, and cockroach allergens also 
contribute, Dermatophagoides mites are now generally acknowledged to be the 
most common allergenic source. A correlation between mite numbers and 
allergic disease has been described in the Netherlands for D pteronyssinus 1~ 
and in Canada for D farinae. 19 

Although insects such as cockroaches, beetles, and flies contribute to house 
dust, they are better recognized as causes of occupational allergy2~ for ex- 
ample, grain weevil (Sitophilus) allergy among grain handlers, 21 allergy to 
locust debris among research workers in the United Kingdom, United States, 
and Europe, 22 and screwworm fly allergy among air crew working on a pest 
control program. 23 Beekeepers, in addition to risking anaphylaxis as a result 
of a sting, often develop inhalant allergy to beehive dust. 24 Cases of occu- 
pational or recreational allergy have occurred in the persons who breed fly 
maggots and in those who use the maggots for bait in fishing. 2S Similarly, 
the use of bloodworms (the larvae of chironomid midges) as fish food in 
aquaria has resulted in allergies amongst those preparing and using them. 26"27 

Allergy to naturally occurring midges is common in Minnesota and other 
areas with large areas of shallow water where midges can breed. Interestingly 
the most striking disease of this kind, ie, Green Nimitti disease, appears to 
have developed because man-made changes to the Nile in Sudan created 
large breeding areas for the midges. 2s'2s 
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The only insect that is well established as cause of allergy in domestic 
situations is the cockroach. Reports are common in the United States 29 and, 
in some urban areas, cockroaches may well be as important as dust mites. 3~ 

P r e p a r a t i o n  of  Extracts  

The natural habitat of D pteronyssinus is house dust that usually contains 
ample quantities of human skin scales. For house dust extracts, as opposed 
to dust mite extracts, commercial manufacturers use house dust collected 
with vacuum cleaners and have their own requirements as to the situations 
in which this dust should be collected. Ideally, these houses should not have 
pets, nor should the dust be collected at the time of year when grasses are 
pollinating. In addition, house dust should be collected from a variety of areas 
and types of housing. In this respect clinical experience suggests that com- 
mercial house dust extracts in the United States do not contain significant 
quantities of cockroach allergen. However, most commercial house dust ex- 
tracts contain measurable cat allergen as well as dust mite allergen. 

For extracts of D pteronyssinus mite, live mites, originally obtained from 
bedding, are grown under controlled conditions of temperature and humidity. 
A number of authors have claimed that it is easier to culture D farinae than 
D pteronyssinus because the former will grow on stored food. For this reason 
in the United Kingdom until the early 1970s only D farinae mite extracts were 
available, although D pteronyssinus was the predominant species. It is now 
possible to grow either mite on human skin scales or on heat-denatured media, 
and in most countries (except the United States) both types of extracts are 
available. For skin testing, because of close antigenic similarity between the 
2 species, it appeared possible to substitute D farinae for D pteronyssinus. 31 
Although it is now clear that there are many species-specific epitopes on mite 
allergens, it still appears that overall there is extensive cross-reactivity and 
that most but not all patients are equally allergic (or nonallergic) to both mites. 

Culture Media and Conditions 

Spieksma 3z found that human skin scales mixed with an equal weight of dried 
powdered yeast, Saccharomyces cerevisiae, was the best medium for growth of 
D pteronyssinus. He examined several media containing epidermal scales from 
cat, dog, horse, cow, rabbit, Guinea pig, sheep, goat, mink, and duck. All 
sources (except sheep) sustained growth and provided extracts of comparable 
allergenicity, however, most mammalian danders, other than human, con- 
tributed allergens of their own to the mite extract. Indeed in 1981 Aas 33 
reported the presence of horse allergens in commercial extracts. Other culture 
media for D pteronyssinus include powdered milk, dog meal, wheat germ flakes 
each plus 50% (weight]weight) (wtYwt) dried yeast, Daphnia, fishmeat plus 
dried yeast at 17% (wt/wt), wholemeal flour and powdered yeast, and horse 
dander. 3 Today a number of different culture media for growth of D pteron- 
yssinus mites are in use, although the media used by many of the manufac- 
turing companies remain commercial secrets. 

Of these possible media, the most simple one is that of human skin scales, 
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which is also unlikely to provide an end product contaminated with irrelevant 
allergens. However, many commercial extracts today are grown on denatured 
or partially synthetic media and do not contain detectable allergens derived 
from the culture medium. 34 In assessing the relative merits of different culture 
media, it is worth considering whether or not human proteins are desirable 
in an extract, and also whether or not the culture medium itself may have 
enzymatic activity (R Thorpe, personal communication). At present there is 
no published formula for an ideal culture medium. 

Culture of D pteronyssinus mites can be performed at temperatures of 20 
to 25~ and at relative humidities of 70 to 80%.1~ The optimal conditions for 
D farinae are slightly hotter and less humid. D pteronyssinus is prone to des- 
sication at lower relative humidities and cultures are susceptible to the over- 
growth of moulds at relative humidities of 85% or greater. 

Extraction of Material 
Mites can be separated from the medium in which they are cultured by 
flotation or live mites can be encouraged to migrate from the culture medium 
by creation of a temperature, humidity, or light differential. Alternatively, 
the whole outgrown culture, which will include both live and dead mites, 
mite parts, feces, larval forms, nymphs, and eggs, and any unconsumed 
growth medium, can be extracted. The live mites can be killed before extrac- 
tion by dry heat, an atmosphere of acetone, or by freeze-drying. 35 Extraction 
is invariably in an aqueous buffered solution, such as Coca's solution (0.25% 
NaHCO3 + 0.5% NaC1), ammonium bicarbonate, or a glycerol saline solu- 
tion. Phenol is often included at 0.4% as a preservative if the extract is not 
to be freeze-dried. Extraction time used commercially is normally 24 hours. 
However, recently it has been demonstrated that maximal liberation of IgE- 
binding components of D pteronyssinus takes place within 1 hour of extraction 36 
and that the bulk of the major allergen, antigen P1 itself, is released within 
3 minutes from mite cu l tu res .  37 

C h a r a c t e r i z a t i o n  a n d  Cros s -Reac t iv i t y  of  A r t h r o p o d  A l l e r g e n s  

The characterization of allergenic extracts uses a variety of methods well 
described in the literature, for example, the radioallergosorbent test (RAST), 3a 
RAST inhibition, 39 crossed-irnmunoelectrophoresis (CIE), and crossed-ra- 
dioimrnunoelectrophoresis (CRIE), 4~ radioimmunoassay (RIA), 41 and hista- 
mine release (HR). 42 Many of these were used in the collaborative study for 
the IS for D pteronyssinus mite, where the intention was to encourage the use 
of as many different, valid techniques as possible. The purpose of character- 
izing extracts is usually to quantify the antigens present, to identify the com- 
ponents most commonly responsible for causing allergy and, where possible, 
to purify the important allergens. It should then be possible to examine the 
main sources of those allergens and to ensure that individual allergens are 
present in the extracts used for diagnosis and immunotherapy. 

Extracts of whole cultures of D pteronyssinus have been shown by CIE to 
contain as many as 49 Coomassie Blue staining, immunoreactive proteins 
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with an additional 2 antigens revealed by CRIE making a total of 51 separate 
antigens. At least 9 of these bind IgE antibody and are thus considered as 
allergens. 43 Using immunoblotting techniques up to 20 antigens appear to 
bind IgE. 44 However, it is very difficult to confirm: 1) that each of the protein 
bands are distinct allergens, and 2) that the binding represents specific IgE 
antibody. 

Antigen P1, present predominantly in mite feces, was isolated and char- 
acterized in 1980 by Chapman and Platts-Mills. 41 Isolation was by Pevikon 
block electrophoresis and it was shown to be a glycoprotein of molecular 
weight of 24,000 daltons and with isoelectric points (pIs) of 4.7 to 5.4 and 6.6 
to 7.1. The same allergen has been isolated independently as Ag 42 by Lind 
et a143'45"46 and as Dpt 12 by Stewart and Turner. 47 

The identity of these allergens was clearly demonstrated in the collaborative 
study for an IS 48 by the dose agreement of results obtained by different 
workers using different assay methods. Further evidence of the identity of 
antigen P1 and Ag 42 is presented by Lind et a143 and in Figure 2. Another 
mite protein that appears to be a major allergen, now partially isolated, is 
antigen DpX 49 (called Antigen 17 in this reference). 4s This protein with a 
molecular weight of 18,000 to 20,000 daltons has been shown to be quite 
distinct from antigen P~, to be present in the feces and mite bodies and, like 
P~, to bind to IgE present in the serum of the majority of mite-allergic subjects 
using CRIE. Antigens Y and 23 are considered as intermediate allergens (ie, 
ones not of major importance for the majority of patients). However, they 
may be of importance in standardization because they are found in relatively 
higher concentrations in pure mite body extracts than in those made from 
whole culture or mite feces. 43'48 

To avoid confusion where different workers have isolated and separately 
named important allergens, a new system of nomenclature has been proposed 
that uses the first 3 letters of the generic name, the initial letter of the specific 
name, and the Roman numerals I, II, and so on, depending on the relative 
importance or, where this is equal, on the order of isolation. 5~ Thus antigen 

Figure 2. Identity of antigen P1 and Ag 42 by tandem CIE. 4p, g of antigen P1 (left) and 
Ag 42 (right) were placed in wells in agarose and electrophoresed for 30 minutes at 
10 V/cm. Electrophoresis at right angles to the first dimension was performed into 
agarose-containing rabbit antisera to D pteronyssinus extract for 16 hours at 2 V/cm. 
The gel was stained with Coomassie Brilliant Blue R. 
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P1 (= Ag 42 = Dpt 12) is now to be known as Der pI and AgX as Der pII 
(Table 2). 

Major allergens for D farinae and D microceras (Der fI and Der mI, respec- 
tively) have been described for D farinae (Ag 11 of Dandeu et al) s8-6~ and for 
D farinae (Df 6) and D microceras (Din 6). 53,62 Partial identity has been shown 
to exist between Der pI and Der fl by crossed-line immunoelectrophoresis 
(CLIE), crossed-inhibition in RAST, and amino acid composition. 53,6~ Re- 
cently detailed analyses of the allergenic molecules have been made with 
monoclonal antibodies or affinity purified antibodies, and it is clear that ep- 
itopes common to the major allergens of all 3 species exist, as well as species- 
specific determinants and determinants shared with only two of the 3 spe- 
cies. s9"62~4 Use of the species-specific monoclonat antibodies or affinity pur- 
ified antibodies against these major allergens is proving to be a better way of 
quantitating the individual species in house dust than microscopic exami- 
nation and identification of the mites. 61'64 

The storage mites are taxonomically distinct from the Pyroglyphid mites 
(Table 1). The species Acarus siro, Tyrophagus longior, T putrescentiae, and Gly- 
cyphagus destructor show multiple precipitin arcs when studied by homologous 
CIE using rabbit antisera raised individually against the extracts, 6s'66 however, 
when extracts of these mites are electrophoresed into agarose-containing rab- 
bit antisera raised against D pteronyssinus or D farinae, only 1 to 3 precipitin 
arcs are seen. 66 Similarly, 3 or 4 antigens are shared by, or have partial identity 
within, 3 storage mite species. 66,67 Patients exhibiting positive skin tests to 
both the pyroglyphid and storage mites appear to do so because of multiple 
sensitization to the different species rather than because of cross-reactive 
antibodies. 

Compared with the mites very few of the inhalant insect allergens have 
been characterized and even fewer major allergens have been purified. How- 
ever, the location of major allergenic activity of the chironomid midges (Chi- 
ronomus riparius = Chironomus thummi thummi) has been investigated and found 
to be in the hemoglobins, the erythrocruorins, 11 of which have been iso- 
lated. 26 A number of these erythrocruorins (CTT IV, c T r  VI, and CTT VIII) 
have been cleaved and the fragments sequenced and found to be antigenic. 
Immunologic cross-reactivity was found to exist between Cladotanytarsus lewisi 
and 4 species of Chironomus, 27 and this finding has been further confirmed 
between the 2 genera by CIE, RAST inhibition, and positive skin prick tests. 6~ 

Safety and Efficacy of Arthropod Extracts for 
Diagnosis and Therapy 

Mite Extracts 
Diagnosis. A number of companies market extracts of house dust mites 

supplied in 50% glycerol saline for skin prick testing and aqueous extracts 
for intradermal or bronchial and nasal provocation tests (Bencard, Merck, 
Miles, Pharmacia in the United Kingdom; Hollister-Stier, in the United States). 
All are preserved with approximately 0.5% phenol. The concentration or 
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potency of these are expressed in percentage weight/volume (wt/vol), protein 
nitrogen units (PNU) or in biologic units (Table 3). As yet, none of the com- 
panies are expressing potency in international units (IU) and, until this is the 
case, it is very difficult to compare the potencies directly. However, when 
tested in RAST inhibition, the diagnostic extracts for D pteronyssinus currently 
available in the United Kingdom have activities similar in potency to each 
other and to that of the International Standard. 

It is important to realize that positive skin tests to mites may occur in as 
many as 14% of the general population and many of these individuals have 
no symptoms. 7~ However, Smith et a131 showed that the majority (ie, >75%) 
of asthmatic children had positive skin tests to D pteronyssinus or D farinae, 
and that fewer of them gave positive skin tests to extracts of house dust itself, 
grass pollens, or those of mammalian dander, food, or moulds. Maunsell et 
al  7~ and Pepys et a172 also reported a very high frequency of positive skin 
tests to mites among patients with asthma who react to house dust. Korsgaard 16 
has gone a step further in defining a particular concentration of mites in the 
house of a mite-allergic patient, which represents a risk factor for the devel- 
opment of asthma. 

Skin prick testing, which introduces nanolitre amounts of extract into the 
epidermis, is quick and safe, but local effects such as itchiness and the oc- 
casional late local reactions can occur. Intradermal skin testing carries the 
same risks with mite extract as with any other potent allergen extracts. 

Therapy. When house dust mite is considered to be a major contributory 
factor in a patient, a number of measures in the house are usually recom- 
mended before recourse to hyposensitization therapy. Improvements can be 
made by the removal of dust-harbouring furnishings such as carpets and 
chairs and of furry toys from childrens' bedrooms by thorough cleaning or 
even replacement of mattresses or by frequently washing the bedding in hot 
water. These measures can result in some amelioration of asthma and noc- 
turnal wheezing. 73"74 Plastic casing for mattresses alone has given reduction 
in symptoms 7s as have fungicides that destroy the moulds on which some 

Table 3. Details of Mite Allergen Products for Diagnosis Available in the United 
Kingdom 

Company Product name Species available Description of product Units 

Bencard Bencard skin D farinae Prick tests: in 50% wt/vol as 
testing D pteronyssinus glycerin, 6 % NaC1 percentage 
solutions Intradermal tests in dilute 

phosphate buffer 
Miles Allergen extract D pteronyssinus Prick tests in 50% PNU/mL 
(Dome/Hollister- glycerol 

Stier) Dialyzed allergen D pteronyssinus 
extract 

U/mL 
Prick tests in 50% 

glycerol 
E Merck Ltd Merck skin D pteronyssinus Prick tests in 50% PNU/mL 

testing solutions glycerin, 0.5% NaCl 

Information taken from ABPI Data Sheet Compendium, 1985, 69 and labels. 
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mites feed, or acaricides that kill the mites themselves.76 Relief from symptoms 
has been observed on removal of the patient to areas where mites are rare, 
such as the hospital. 77 Some patients obtain dramatic relief on moving to a 
new house,  especially to newer buildings in less damp situations. However, 
reducing mite allergen in houses is not simple and 2 studies have concluded 
that standard recommendations to patients do not help, because they fail to 
reduce mite numbers  or allergen levels. 7s,79 

Because of the difficulty in cleaning or changing houses many patients also 
are treated with hyposensitization therapy. In Europe there are a variety of 
extracts for hyposensitization available to the practicing physician (Table 4). 
These include aqueous extracts, aqueous extracts adsorbed onto either alu- 
minium hydroxide, sodium alginate, or tyrosine suspensions, and pyridine 
extracts that are alum-precipitated. As in the case of skin testing solutions, 
the potencies are, as yet, expressed in different units depending on the com- 

Table 4. Details of Al lergen Products  for Hyposens i t i za t ion  Available in  the Uni ted  
K ingdom 

Company Product name Description Dosage form & units No of doses 

Ben~rd Alavac-S Alum-precipitated, aqueous 3 multidose vials: no. 8-9 
pyridine extract of specially 1, no. 2 & no. 3, 
prepared allergens for the containing 10-fold 
individual patient. D concentrations 
pteronyssinus available 

Migen Tyrosine-adsorbed, 6 prefilled syringes 6 
glycerinated extract of D containing 0.5 ml of 
pteronyssinus vaccine in doses of 

SDV (specific 
desensitizing 
vaccine) 

4-400 NU/mL 
multidose vials: no. 
1, no. 2 & no. 3, 
containing 8-fold 
concentrations 
multidose vials: no. 
1, no. 2 & no. 3 
containing 100, 1000, 
& 10,000 PNU/mL a 
(D. pteronyssinus 
only--no. 3 4000 
PNU/mL) 

Miles (Dome/ Allpyral 
Hollister- allergen 
Stier) extracts 

Conjuvac 
Mite 

E. Merck Ltd Norisen 

Aqueous desensitizing vaccine 3 
individually formulated. D 
farinae & D pteronyssinus 
available 

Pyridine-extracted, alum- 3 
precipitated extracts 
specifically prepared for the 
individual patient. D 
pteronyssinus & mite fortified 
house dust available 

Dialyzed, lyophilized extract of 12 single dose vials of 
D pteronyssinus mite allergen containing 
conjugated to alginate & the freeze-dried 
freeze-dried extract at 10, 100, & 

1000 U/vial + 12 x 
12 mls of water for 
injection 

Aluminum-adsorbed extract of 3 multidose vials: vial 
D pteronyssinus mite 1, 2, & 3 containing 

100, 1000 & 10,000 
PNU/mL a 

12-18 

9-10 

11-12 

12 

aFurther dilution available for very sensitive patients. 
Information taken from: ABPI Data Sheet Compendium, 1985, 69 and package inserts. 
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pany and not in IUs. With such a complex array of formulations there is, of 
course, no concensus as to which preparation is the drug of choice. Fortu- 
nately, since these are not interchangeable and, as yet, there is no standard- 
ization between preparation (standardization at present being confined to 
ensuring the batch-to-batch consistency within each product), physicians tend 
to use the preparation of a single manufacturer and stick to that. This is 
undoubtedly the safest procedure at present. 

Hyposensitization to various allergens has been performed since the early 
part of this century. 8~ Conclusive results in placebo-controlled double-blind 
trials have been obtained for allergic rhinitis with pollen extracts and in sting 
sensitivity with hymenoptera  venoms (for review see Fink82). In the case of 
hyposensitization to mite, a number  of controlled trials have been carried out 
and reviewed 83 and, al though many have given inconclusive results, there is 
mount ing evidence of improvement  in clinical parameters in some of the trials. 
From 1968 to 1985, 17 placebo-controlled trials using house dust  or mite extract 
have been reported in 19 separate papers (Table 5). These studies used either 
aqueous extracts, alum-precipitated, or tyrosine-adsorbed ones. Of these 17 
studies, 5 demonstrated no clinical benefit from the mite therapy, 2 trials gave 
somewhat  equivocal results, and in 8 trials mite extracts were efficaceous 
(Table 5). In addition, 2 trials of mite extracts that are still underway promise 
to show benefit to the patients as judged by interim reports. 1~176 

The different results of the trials cannot be clearly explained by the choice 
of preparation or duration of the injection and maintenance period. It does 
appear that in the more recent trials, where more stringent criteria have been 
applied in the selection of patients and where injections have been continued 
for 1 year or more, clinical improvements  have been seen. 

The safety of administering allergen extracts for hyposensitization is very 
important because not all patients will benefit from the treatment, and the 
disease being treated is generally not life threatening. 

Immediate, serious adverse reactions to allergen extract administration such 
as anaphylaxis or exacerbation of asthma are well recognized, but the infor- 
mation on the frequency o.f serious adverse reactions and deaths from allergen 
administration is not complete. Although the safety of administering foreign 
antigens over a long period has been questioned due to the possibility of the 
formation of immune  complexes and of provoking auto immune disease or 
lymphoproliferative disorders, no studies have found any evidence to support  
these fears) ~176 Consequently,  only the safety in the short term will be 
considered here. 

Vervloet et al l~ found a low incidence (0.1%) of adverse reactions in nearly 
20,000 patients in France receiving allergen extracts of different specificities, 
and attributed most of these reactions to physician error. A far higher inci- 
dence of 5 to 15% is reported in venom hyposensitization, ~~ but this probably 
reflects not so much an inherent danger of venoms but the fact that the 
allergens are administered in higher doses, ie, up  to 100 ~g. Rands and 
Godfrey 1~ described how the administration of various allergen preparations 
in Hampshire resulted in bronchospasm and analphylaxis in 6.6% and 2.5% 
of patients, respectively. 

In the United Kingdom a system for reporting adverse reactions to reed- 
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Table 5. Controlled Trials of House  Dust  or House Dust  Mite Hyposensi t izat ion in 
Asthma and Allergic Rhinitis 

Treatment extract No. of patients 
entered/ Age Length Entry criteria 

Active extract Placebo completed (yrs) of trial (exclusions) 

House dust 

House dust 
(Nyegaard) 

House dust 
(ALK) 

Aqueous D 
pteronyssinus 

Carbol 96/70 7 + 2 yrs Sensitivity to HD, positive 
saline SPT (corticosteroid users) 

Phenol 93/80 2-14 2�89 Asthma, positive BPT & SPT 
saline yrs (previous 
+ color hyposensitization) 

Human 22/20 11-48 4 m Asthma &./or perennial 
skin rhinitis + positive SPT 
scales 

Aqueous D farinae House 
(Bencard) dust 

House dust mite House 
dust 

D pteronyssinus Carbol 
(Beecham) saline 

D farinae purified 
house dust 

Tyrosine-adsorbed Tyrosine 
D pteronyssinus 
Migen 

D pteronyssinus Saline 
(Bencard) 

Pyridine-extracted, Saline 
alum- 
precipitated D 
farinae Allpyral 

Tyrosine-adsorbed Tyrosine 
D pteronyssinus 
Migen (Bencard) 
6 injections + 6 
maintenance 
injections 

34/34 16-56 6-9 m 

30 7-21 

96/91 10 + 1-3 m 

42/? 6-15 1 yr 

55/45 A 1 + yr 

72/66 >8 

16/14 A 

Bronchial asthma, clinical 
sensitivity to house dust 
& positive skin test to D 
farinae 

4 m Perennial asthma, positive 
SPT (positive SPT to other 
allergens) 

Perennial asthma &/or 
rhinitis, positive SPT, 
positive nasal challenge 
(hyposensitization in last 
3 yrs) 

Asthma, positive SPT to D 
farinae & D pteronyssinus 

Perennial asthma, positive 
SPT, clinical symptoms 
with house dust or nasal 
challenge with D 
pteronyssinus 
(hyposensitization) 

1�89 yr Rhinitis with or without 
asthma, positive nasal 
challenge with D 
pteronyssinus 

15 m Asthma, positive SPT to D 
farinae & D pteronyssinus 
(hyposensitization) 

28/28 13-49 1�89 yr Perennial asthma & strong 
skin test response 
(corticosteroids) 
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Table 5 (continued) 

Outcome 
Methods of assessment Comments (E/N) Reference 

Diaries & drug use Advice on dust control to both N 84 
groups. No significant 
difference between groups 

Both HD extracts gave E 85 
significant improvement 
in 90% (p <.01) 

10/11 had subjective- & doctor- E 86 
assessed improvement on 
D pteronyssinus 

Advice on dust control given. E 87 
78% active vs 38% placebo had 
subjective improvement. 
(p <.05). 7/9 in active group 
reduced corticosteroids 

House dust found superior to N 88 
house dust mite--50% vs 25% 
showed clinical improvement 

Repeated BPT, diaries 

Diaries & drug use 

Diaries & drug use 

Diaries, weekly 
ventilatory tests, 
drug use & clinical 
observations by 
physician w/o 
knowledge of 
treatment 

Diaries, nasal 
sensitivity, use of 
drugs, IgE & IgG 
levels, HR 

Height & weight, 
respiratory function, 
examination 

Symptoms, spirometric 
values, use of drugs, 
SPT & nasal 
challenge 

Diary, physician's 
monthly assessment, 
SPT, nasal challenge, 
specific IgE & IgG 

Diary, peak flow, 
bronchial challenge 

Diary, drug use, 
clinical examination 

Advice on dust control. E 
Significant improvement in 
symptoms, increase in specific 
& total IgG, diminished HR in 
treatment group 

Improvement in height & weight E? 
in active group; but 2 groups 
not balanced for age, etc. 

No significant difference in any N 
parameter 

Improvement onmaintenance as 
assessed by patient & 
physidan 

Advice on mite control. No N 
clinical improvement 
subjectively orobjectively, but 
reduction in bronchial 
reactivity in active group 

Good response in Migen + E 
maintenance group. 5/16 
Migen discontinued 
bronchiodilators, whereas all 
placebo continued 

89 

90 

91 

92 

93 

94 

(continued) 
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Table 5. Control led Trials of House  Dust  or House  Dus t  Mite Hyposens i t iza t ion  in  
As thma a n d  Allergic Rhinit is  (continued) 

Outcome 
Methods of assessment Comments (E/N) Reference 

Tyrosine-adsorbed Tyrosine 63/51 5-14 1 yr Moderate-severe bronchial 
D pteronyssinus asthma tested by 
Migen (Bencard) bronchial challenge 

Aqueous D Extraction 70/46 16-50 2 yr 
pteronyssinus 3x medium 
strength 
18 injections 
+ maintenance 
18 injections 
+ placebo 

Tyrosine-adsorbed Tyrosine 51/51 5-14 2 yr 
D pteronyssinus 
Migen (Bencard) 

Asthma, positive SPT, 
worsening of symptoms 
with HD, &/or positive 
NPT (seasonal asthma, 
symptoms with animals 
danders, previous 
hyposensitization, 
pregnancies) 

Participants from active or 
placebo groups in trail 95 

Tyrosine-adsorbed Tyrosine 
D pteronyssinus 
Migen (Bencard) 

39/35 17-36 1 yr+ Perennial rhinitis, positive 
SPT & NPT. 

Tyrosine-adsorbed Tyrosine 22/18 19-40 1 yr 
D pteronyssinus 
Migen (Bencard) 

Tyrosine-adsorbed Tyrosine 56/51 5-15 2 yr 
D pteronyssinus 
Migen (Bencard) 

D pteronyssinus 
Pharmalgen 
(Pharmada) 

Perennial asthma with or 
without rhinitis, SPT, 
BPT, NPT &specific IgE 
(permanent wheezing, 
corticosteroids) 

Perennial asthma & positive 
bronchial challenge 

Histamine " 57/NG - -  1 yr Rhinitis 

Sodium-alginate NG 64/57 mean 1 yr Perennial rhinitis 
conjugated D 30.5 
pteronyssinus 
Conjuvac 
(Dome-Hollister 
Stier) 

Summary total: 17 separate clinical trials---5 unfavorable/8 favorable/2 inconclusive/2 underway 
E = efficaceous; N = nonefficaceous; SPT = skin prick test; BIYr bronchial provocation test; HD = house 

dust; HR = histamine release; A = adult; NPT = nasal provocation test; PEFR = peak expiratory flow rate; 
NG = not given. 
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Table 5 (continued) 

Outcome 
Methods of assessment Comments (E/N) Refernce 

Diary, drug use, P E F R  Subjective improvement in E 95 
recordings & 2 asthma & rhinitis. Significant 
1-monthly reduction in drug score in 
examinations active group. Late reaction to 

bronchial challenge lost in �89 of 
active group 

Corticosteroids used throughout N 96 
trial. Only improvement of 
active versus placebo in night 
asthma score of patients not 
using corticosteroids. No 
increased benefit with 
maintenance 

Diary records, drug 
use & overall blind 
assessment by 
doctors 

Drug use, PEFR 2nd year of Migen trial (95) E 97 
Reallocation of patients to 
active or placebo groups on an 
open basis produced increased 
need of drugs, & deterioration 
in mean thoracic gas volume 

More patients withdrew from E 
placebo than active group 
(p<0.05); symptomatic 
improvement greater in active 
group 

Advice on HD control; E 
Significant reduction in 
medication & PEFR score only 
in 1st 6m. No significant 
change in IgE & IgG 

cf 97 = 2nd year of Migen trial E 
95. Active group had reduced 
severity of asthma and 
reduced drug use 

Decrease in symptoms in active E 
group at 3 in & in nasal 
sensitivity at 8 & 12m. Study 
still underway 

Study still underway but results E? 
look promising 

Diary, NPT, SPT, total 
& specific lgE 

Diary, medication 
score, PEFR 
recorded daily, 
total IgE, specific 
IgE, IgG & HR 

Diary, drug use, PEFR 

Nasal symptoms 

Diary, nasal allergen & 
non-specific 
reactivity 

98 

99 

100 

101 

102 
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ications exists and indicates approximately 1 death per year has been asso- 
dated with allergen hyposensitization over the last 20 years.* Recently cli- 
nicians have noticed an increasing number (and possibly increasing frequency) 
of serious adverse responses to the higher doses of mite extracts. 

Overall the information available to date from the clinical trials and com- 
panies shows an incidence of about 1% of serious adverse reactions. 

Other Arthropod Extracts 
The Panel on Review of Allergens 1~ lists around 70 extracts of insects licensed 
for diagnosis or therapy. More than half of these appear suitable, or likely to 
be suitable, for diagnostic use and thus have been recommended to remain 
on the market. However, demonstration of efficacy in immunotherapy has 
not been shown for the majority of extracts and, for most, the small number 
of patients excludes any controlled trial. There have been no placebo-con- 
trolled double-blind trials for either insect or storage mite extracts reported 
in the literature, although individuals have been considered to show benefit 
following open therapy with cockroach and screwworm fly extract. 23,29 Clinical 
trials amongst farmers and dock workers who have inhalant allergies to some 
of the storage mites that are present in the goods they handle are currently 
being performed (AD Blainey, personal communication). 

Standardization 

History 
For many years the World Health Organization (WHO) has been assisting in 
the establishment of ISs for biologic materials. The earliest standard was 
produced in 1925 (insulin) and more recently for the human serum immu- 
noglobulins IgA, IgG, and IgM (NIBSC 67/86), human serum immunoglobulin 
D (IgD) (NIBSC 67/37), and human serum immunoglobulin E (IgE) (NIBSC 
75/502). A complete list of these is published every 2 years and includes around 
200 standards. 1~ The primary purpose of ISs is to enable the potency or 
activity of similar materials to be measured in IUs. As long as suitable tech- 
niques are available for the measurement of the activity, then it is not nec- 
essary or even desirable that either the standard or the preparations under 
test are homogeneous (with the proviso that other substances present do not 
interfere with this measurement). 

The production of standards for allergens is complex; all naturally occurring 
allergens have been shown to be a mixture of proteins, glycoproteins, car- 
bohydrates, and peptides. In each of these mixtures a number of separate 
components prove to be allergenic in susceptible individuals. For a consid- 
erable time this fact impeded progress towards producing standards for al- 
lergens. It was obviously unrealistic to wait until all the major allergens for 
each of these sources had been purified. It was therefore decided to produce 
standards typical of each allergen source, ie, ones that produced positive skin 

*Br Med J 293 (6552):948, 1986 
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tests and that could be used as standards in the in vitro tests then being used, 
such as direct RAST, RAST-inhibition allergen assay, and histamine release. 
This material would contain in measurable amounts all of the important al- 
lergens (major allergens) that had then been characterized or purified. 

It was not until 1981, when the Allergen Standardization Subcommittee of 
the International Union of Immunological Societies (IUIS) set out these con- 
crete aims, that rapid progress towards allergen standardization took place. 
A preparation for D pteronyssinus mite was among the 3 allergens listed by 
the IUIS as being of the highest priority for standardization. ~m 

Methods Used for Preparation of the D pteronyssinus 
International Standard 
The D pteronyssinus extract used as the IS was chosen from 10 coded prepa- 
rations in a preliminary study. 34 All except 2 preparations (a freeze-dried 
NIBSC reference reagent and an extract made from mites kindly donated by 
Dr. Spieksma) were obtained directly from commercial manufacturers of mite 
extracts. Before examination of these to assess their suitability to serve as 
standards, those in liquid form were dialyzed to remove phenol or glycerol 
and the others were reconstituted from the freeze-dried state. All were then 
coded, dispensed in 1-mL volumes, freeze-dried, and sealed into glass am- 
pules under nitrogen. They were examined by 3 laboratories for biologic 
activity, potency, and number of characteristic antigens and allergens. Several 
extracts were judged suitable based on their contents of allergens and per- 
formance in vivo and in vitro assays. One of them was chosen both because 
of its availability and because full information was available about its growth 
conditions. Material from the same batch was prepared as the IS. 

The extract chosen as the IS for D pteronyssinus was produced from mites 
grown on acetone-washed human skin scales and yeast in equal parts. 111 The 
culture used contained adult mites, larvae, nymphs, eggs, and mite feces and 
it was extracted in ammonium bicarbonate solution and freeze-dried from 
volumes of 45 mL. At NIBSC the extract was reconstituted with distilled water 
to a concentration of 1-mg dry wt/mL, pooled, filtered through membranes 
of pore size 0.22 ~m, and dispensed into 4000 glass ampules in 1-mL aliquots 
and freeze-dried. After secondary dessication the ampules were flushed with 
nitrogen and sealed by fusion of the glass neck. This method of preservation 
is designed to ensure uniformity of contents throughout the 4000 ampules 
and their stability for many years (at least 15). Uniformity of the batch was 
tested by assessing the wet and dry weight of the tilled ampules, moisture 
content, and stability by in vitro assay of the ampule contents after various 
time intervals up to 3 years after storage at a range of temperatures (-  20~ 
+ 4~ + 20~ + 37~ and + 45~ 48A12 

The proposed IS, together with 2 other freeze-dried and 1 glycerol saline 
extract, was examined coded in a collaborative study by 19 laboratories in 11 
countries. 4s Thirteen laboratories performed a total of 44 RAST-inhibition 
assays for overall potency and were able to measure the potency of the other 
preparations in terms of that of the IS. Seven laboratories performed CIE and 
CRIE in a total of 16 assays to determine both the antigenic composition and 
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to identify the allergens present in the extracts. Figure 3 shows an example 
of CIE and its accompanying CRIE, and Figure 4 is a composite drawing of 
the precipitin arcs with the important allergens indicated. Specific allergens 
were measured using RIA, rocket immunoelectrophoresis (RIE), and a mon- 
oclonal antibody technique; excellent correlation was obtained. The IS was 
demonstrated to be a biologically and imrnunologicaUy active preparation, 
having all o f the  allergens recognized to date. It contained 300 ~g of protein 
per ampule of which about 5% was judged to be the major allergen (Der pI). 
A detailed report on the collaborative study was submitted to the WHO Expert 
Committee on Biological Standardization who in 1984 established the prep- 
aration as the first IS of Dermatophagoides pteronyssinus (house dust mite) extract 
with a unitage of 100,000 IU/ampule. 113 

Use of Standards 
The collaborative studies to select the D pteronyssinus IS have led to an inten- 
sive amount of work on mite extracts. With the possibility of control author- 
ities proposing legislation many manufacturers have been comparing the po- 
tency of their own mite extracts with that of the new standard and measuring 
the major allergens in terms of those in the standard. The demonstration, in 
the course of the preliminary study, 34 that a number of mite extracts contained 
antigens from the growth medium, most notably of horse origin, led, as we 
understand it, at least 1 company to seek an alternative method of culture 
and another to grow their own mites. 

Ideally the availability of an IS should allow rapid progress towards stand- 

Figure 3. A) Crossed-immunoelectrophoresis of the IS for D pteronyssinus (house dust 
mite) extract (NIBSC 82/518). The major allergen Der pI is indicated with a solid arrow. 
(Method as in Figure 2.) B) Crossed-radioimmunoelectrophoresis pattern of IS after 
incubation with serum pool of mite-allergic patients (NIBSC 82/528). The major aller- 
gens Der pI and Der pII are indicated with solid and dashed arrows, respectively. 
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Figure 4. Reference drawing of precipitin arcs produced by CIE and CRIE of the IS 
for D pteronyssinus (house dust mite) extract (NIBSC 82/518). The allergens are labelled. 

ardization of like products. For example, the potency of penicillin is routinely 
expressed in IU, and, more closely related to allergy, is the IU used for total 
serum IgE levels. Admittedly there are problems with the use of the new 
allergen ISs where, unlike penicillin, there is not just a single active com- 
ponent. Since the activity or potency of D pteronyssinus resides in a number 
of different molecules, the activity of the particular molecules being measured 
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depends to a large extent on the reagents and techniques used. If RAST 
inhibition is used as a method of potency test, then the IU assigned to a 
preparation will depend to a certain extent on whether the human serum 
pool has IgE antibodies to all, or just a few, of the antigens present. This can 
be overcome by the provision of a well-characterized pool of sera from in- 
dividuals specifically allergic to D pteronyssinus, and such a pool has been 
prepared to accompany the IS. 34 Additionally, with the progress made in 
identifying and characterizing the imPortant allergens, the problems are di- 
minishing. It is possible now to measure Der pI by a variety of methods in 
terms of the International Standard and get a far more precise result than 
could be obtained for overall potency by RAST inhibition. As commercially 
available allergen extracts become standardized relative to the IS it should be 
possible to explain the differences in reported frequencies of positive skin test 
reactions and in results of therapy. 

Standardization of commercial house dust mite extracts may well remain 
confined to expression of potency in IU and a maximum and minimum re- 
quirement. Owing to the complex nature of the extracts and the variation in 
growth media used, it is not envisaged that the existing extracts on the market 
would become entirely interchangeable. However, with the introduction of 
the D pteronyssinus standard (and other standards), it becomes much easier 
to assess different culture conditions or extraction techniques. It is possible 
that these studies will lead not only to a much better understanding of mite 
allergy, but also to general agreement about the optimal extracts for diagnostic 
and therapeutic use. 
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