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Prospective study on immunologic changes 
induced by two different ~e~~~~~~~~g~~~es 
pferonyssinus extracts prepared from whole 
mite culture and mite bodies 

U. Wahn, MD,* C. Schwater, BSc;* P. Lind, PhD,** and 
H. Lmvenstein, PhD, DSc** Berlin, West Germany, and Copenhagen, Denmark 

Twenty-four children with bronchial asthma and hypersensitivity to Dennatophagoides 
pteronyssinus by skin titration, specific serum IgE, leukocyte histamine release, and bronchial 
c~l~enge test were selected for immunotherapy with IWO partially puri~ed mite extracts. On the 
basis of age and allergen-specijic IgE responses, patients were randomly divided for treatment 
with either an extract prepared from whole mite culture (W&K) or from purified mite bodies 
(MB). The content of major allergens was quanti@ed for both extracts. The allergen dose 
~im.stered during i~u~t~rapy was increased up to the highest tolerated dose. The mean 
cumulative dose of Der p I was 98.9 pg for the W&K-treatment group and 76.7 pg for the MB- 
treatment group. Small, but statistically signt$cant, decreases in RAST and crossed 
radioimmunoelectrophoresis responses to major allergens were recorded after 2 years of 
treatment. A small increase in spect$c IgGi and a large persistent increase in specific 1gG4 was 
recorded in both groups. There was a signi$cant decrease in allergen-specific bronchial 
sensitivity, skin reactivity, and leukocyte sensitivity in both treatment groups. Between both 
groups, changes in the different parameters were not significantly different. Our data indicate 
that immunotherapy with both partially purified house dust mite extracts, WMC, and MB leads 
to a decrease in allergen-specie IgE responses and induce a response in specific IgG4. Both 
extracts are comparable in modulating leukocyte and skin sensitivity, as well as bronchial 
reactivity to mite allergens. (J ALLERGY CLIN IMMUNOL 1988;82:360-70.) 
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In many parts of the world, house dust mites are 
known to be the major allergen source in house dust, 
containing or producing molecules that are able to 
induce IgE responses in humans and trigger anaphy- 
lactic reactions. Extracts, especially from mites of the 
genus Der~~o~~go~des, have been demons~ated 
to induce positive skin tests in atopic patients with 
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CIE: Crossed immunoelectrophoresis 
CRIE: Crossed radioi~un~~ec~phor~sis 

SI: Skin index 
HEP: Histamine equivalent prick 

SQ: Units of b~~~~jc~~y s~d~dized, p~~ally 
purified allergen extracts 

Ag,: Allergen dose causing 30% histamine re- 
lease in vitro 

PD,,: Provocative dose causing a 20% fall in FEV, 
BPT: Bronchial provocation test 

allergic airway diseases.’ In recent years, several 
groups have been able to identify allergenic molecules 
from mites; those with the highest aflergenic activity 
have been isolated and purified.24 

RX years the results of controlled studies on the 
clinicai and immunologic efficacy of immunotherapy 
with D. pterunyssinus extracts have been controvet- 
siaL Pl~e~con~o~~~ studies have recently been re- 
viewed by Mosbech.’ The design of th~d~e~nt stud- 
ies is hardly comparable. The type of extracts differed 
considerably, as did the duration of treatment and 
parameters used for ev~uation of clinical results. Al- 
though most of the studies demonstrated statistically 
significant effects of immunatherapy,6~ ’ in general, 
clinical results were not impressive. ~~d~~ation 
of the mostly poorly characterized extracts was dif- 
ferent. Therefore, until recently, there was no infor- 
mation on the cumulative dose of major allergens that 
were administered during immunotherapy. 

With modern p~te~~hemica~ separation methods, 
it is possibfe to produce prep~tions that contain ex- 
clusively, or predominantly, those components against 
which most mite-allergic patients develop specific IgE 
antibodies. The estabIished manufacturing procednre 
involves an extraction of WMC followed by the re- 
moval of low molecule ~m~nents of a molecular 
weight cSQOO daftons. The resulting preparation has 
a very high content of major allergens that mainly 
originate from the feces of the mites.’ 

3y means of techniques that use the difference in 
size and density of the particles in mite cultures, it is 
possible to purify MBs alone and produce an allergen 
extract. This extract, containing the major allergens, 
as well as considerable amounts of somatic antigens, 
some of which act as arlergens in men, has been char- 
acterized recently.4 

The purpose of our investigation was to evaluate 
the effect of hy~sensit~~at~on on in vivo and in vitro 

MATERIAI. AND METHODS 
Allergen extracts used for diagnosris 
and ~mm~net~erapy 

WMC and MB extracts trave previous/y been demon- 
strated to contain nine and 15 to i8 alfergenic molecules, 
respectivety.“- ’ The content of the major altergens, Drr p f 
and P)ET p II’-” was quanti~ted by rocket ~rn~~n~l~~r~ 
phoresis and CIE, respectively,“’ with mono- or oligospe- 
cific rabbit antibodies and internal standards with known 
antigen content. These were denoted as jn~~rnat~onal units 
of t)er p 1 and Der p If” and rn~~r~ra~~ weight of L&?r p 
1.’ At a dilution of I HEP, WMC ~ontaj~d I Z,cK)(f RI/ml 
(equal to 2.3 pgiml) of Der p 1 and It.?&W, IU!mi of 
DOT p il. At 1 HEP, MB contained 6600 lUim1 (equal to 
1.3 p&ml) of &r p X and 14,500 IUinrl t~f .&r p II. 
AUergen extracts for immunotherapy were labeled in SQ 
units. The conversion factor is I HEP equals 2O.000 SQ 
units per rn~llil~t~r. 

Patients 
Twenty-four children between 8 and IS years of age were 

selected for the study. They all had a ~~~rn~rn of 2 years 
of history of asthma arrd did not suffer Tom seaso& a&rgy 
or any other sensitive that subst~~~~y ~o~~~ted to their 
symptoms. Additional allergies to other ~~ro~~~rgens were 
excluded by skin puncture test with biol~~ca~~~ standard- 
izedextracts from grasses, birch, mugwo~, cat, dog, horses, 
Altermria, and Cladosparium . 

All patients were sensitive to D. ~~er~~~~.~.~~~~~~ by skin 
uncap test (SI, 1 HEP >I), RAST (class 3 to 41, and 
BPT (threshofd conce~~at~~ necessary to in&ee PDY at 
an allergen concentration of 6 IO-’ HEP). 

On the basis of age and their allergen-specific IgE re- 
sponses, determined by CRIE, patients were randomly di- 
vided for ~eatment with either WMC or F+f?i. extracts to 
obtain two groups of 12 pa~ent~ with I@ responses O~IZ- 
parable in strength and specificity. Patients with a previous 
hyposensitization treatment or any chronic diqease were ex- 

ciuded from the study. 
Besides inhalation with disodium erorn(~~y~~e~ patients 

wert: not receiving any other continuous medication 
~~ughout the study. Add~tion~ me~cat~on ~~~-agonists, 
~eophy~Iine, or corticosteroids) was on@ administered 
when it was necessary. One week before each follow-up 
examination, therapy was stopped, and 011iy B,-mimetics 
were allowed up to 12 hours before testin& 

Abrgrsn analysis 
To measure the aikqen exposure in patients’ efIviZX?n- 

merit, dust samples from their mattresses were collected in 
the month of December and anatyzed by ELlSA for the 
presence of allergens Der p I, i?er m 1, and l&+rJr 1.” 

D. pternnyssinus was ctearly the dominating species in 
the Bochum area, West Germany, f6/ I7 homes ~o~~in~ng 
dust fevels > 1000 ng of DPY p X per gram \rf dast. Levels 
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of Derf I or Der m I >lOOO nglgm were found in 5117 
homes. Combined levels of Derp IlDerf IlDer m 1 ranged 
from 650 to 174,ooO nglgm of dust. Mean allergen con- 
centration was 11,600 and 10,500 ngigm of dust in the 
WMC- and MB-treated groups, respectively, levels not sig- 
nificantly different by the Mann-Whitney U test. 

Immunotherapy 
Injections were a~nistered su~ut~eously in the mid- 

dle third part of the volar forearm. The allergen dose was 
increased by weekly injections up to the highest dose. Local 
reactions were not allowed to be X3 cm in diameter. After 
the maintenance dose was reached, injections were admin- 
istered at monthly intervals. 

The maximum tolerated dose differed considerably 
among patients in both treatment groups, ranging from 
10,000 SQ units to 100,000 SQ units in the MB-treated 
group, and from 5000 SQ units to 100,000 SQ units for the 
WMC-treated group. The mean cumulative allergen dose 
during treatment during 24 months was comparable in both 
groups (mean dose of allergen Der p I for WMC, 98.9 pg, 
and for MB, 776.6 p.g). 

Effect variables 
Immediately before the beginning of immunotherapy, af- 

ter 6, 12, and 24 months, patients were examined by skin 
titration, BPTs, and histamine release from washed leuko- 
cytes, as well as serum levels of specific IgE, specific IgG 
subclass antibodies, and CRIE. 

Skin titration 
Skin tests were done in duplicate with a Dome-HoIlister- 

Stier (Koln, West Germany) puncture test needle. Both MB 
and WMC extracts were tested at the following concentra- 
tions: 0.3, 1, 3, and 10 HEP, control histamine chloride 
(1: 1000) and diluent as a negative control were registered 
in addition. Wheal sizes were expressed by the mean skin 
wheal diameter 

D _ D, + Dz -- 
M 2 

(D, being the maximum diameter and DZ, diameter perpen- 
dicular to the maximum diameter). SIs were calculated as 
the mean wheal diameter induced by the allergen extract 
divided by the mean wheal diameter induced by histamine. 

BPT 
BPT was only performed when a patient’s basal value of 

PBV, was >80% of the predicted” after abstaining from 
bronchodilators. WMC extracts were inhaled from an elec- 
tric nebulizer (Pari Inhaler Boy, Pari Werk, Stamberg, 
West Germany; particle size 0.5 to 5.0 pm; output 0.75 
ml/n&t) for 2 minutes at tidal volumes in a titrated way. 

Forced expiratory maneuvers were performed 3 and 10 
minutes after inhalation. The best of three attempts was 
used for analyses. The allergen concentration producing at 
least PDzI, was taken as the threshold concentration. Lung 

function was registered by a Vitalograph (Vitalograph Med- 
ical Instrumentation, Kansas City, MO.) spirometer 3 and 
10 minutes after the i~alation of each allergen extract di- 
lution. 

Blood samples 
Blood was obtained from each patient at the time of each 

follow-up examination immediately before provocation 
tests. Serum samples were kept frozen at - 20’ C until they 
were used for antibody assays. 

Histamine release from leukocytes 
Preparation of leukocytes, histamine release, and hista- 

mine assay was carried out as described previously.‘” Serial 
dilutions of both WMC and MB extract at concentm- 
tions ranging from lo-* up to 10-l ygiml were used for 
histamine-release experiments with each patient’s leuko- 
cytes. In all experiments, reaction tubes were in duplicate. 
Histamine was assayed by the automated fluorometric tech- 
nique, as described by Siraganian.” 

CRIE 
CRIE was carried out as described previously’” with 20 

yg of reference WMC extract and 20 pg of reference MB 
extract, applied separately on the same plates and with a 
mixture of rabbit antibodies to WMC and MB .& IgE binding 
from patients’ sera (0.3 ml) to precipitated antigens was 
scored after 9 days of autoradiography at - 20” C on a log2 
scale with reference to dilutions of the labeled rabbit anti- 
IgE precipitated in single radial immunodiffusions with 
swine antirabbit IgG . I4 

RAST 
Determination of specific IgE by RAST16 was carried out 

with CNBr-activated paper disks coupled with 1 mgiml of 
WMC (25 disks per milliliter), patient serum (used diluted 
1 plus 1 unless otherwise stated), and ‘*‘I-labeled rabbit 
antihuman IgE.” Results are presented as retained counts 
in percent of total added activity. 

Solid-phase radioimmunuassays for specific 
IgGl and lgG4 

Patient serum (100 ~1) was affinity purified by reaction 
for 30 minutes with WMC coupled to CNBr-activated Seph- 
arose (500 Fg/25 mg). After three washings in 1 ml of 
0.05 mol/L sodium citrate buffer, pH 6.2, containing 1.0 
mol IL of sodium chloride with subsequent centrifugations , 
mite-specific antibodies were recovered by addition of 1 ml 
of 0.05 mol/L sodium citrate buffer, pH 2.7, containing 
1.0 moI/L of sodium chloride, by centrifugation, and by 
decantation of the supernatant. For stabilization, 250 $ of 
1 .O mol/L of sodium hy~enc~~Mte and 20 pJ of 10% 
bovine serum albumin were added. RASTs, carried out on 
23 purified sera and on the same unpurified sera in corre- 
sponding dilution (1: 12), correlated well (r = 0.94) with 
a regression slope of 0.73, indicating at least 70% recovery 
of specific antibody after purification. 
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Polyclonal rabbit antibodies, raised against human IgG i 
and IgG4 myeloma protein, were obtained from Dakopatts, 
Copenhagen. and subjected to immunoabsorption and af- 
fimty purification, according to the same procedure as pre- 
viously used for antihuman IgE.” A monoclonal mouse 
antibody (M 1 IO 13, previously BAM I. I ) to human IgG4 was 
obtained from Unipath, Bedford, U, K. These reagents were 
radioiodinated by the chloramine-T procedure. ‘* Paper disks 
coupled with WMC (1 mgiml) were incubated with 50 ~1 
rjf purified patient serum overnight at room temperature 
followed by three washings and overnight incubation with 
50 ~1 of radiolabeled antibody to IgG subclasses (20,000 
cpm). AIf determinations were done in duplicate. Patient 
serum assayed for fgG1 was further diluted three times. 
Results are presented as retained counts in percent of added 
activity 

Statistics 
All tests performed were nonparametric. For differences 

in mean values between responses at time 0 and later, Wil- 
coxon matched-pair signed-rank test was applied. Mann- 
Whitney U test was used to calculate differences in mean 
values between changes in response for WMC-treated versus 
MB-treated groups. Correlations were tested by the Spear- 
man rank correlation test. 

RESULTS 

Immunotherapy in general was well tolerated in 
both treatment groups. The maximum tolerated dose 
varied within a range of 5000 and l~,~ SQ units. 
In a few cases, we observed mild systemic reactions 
(wheezing and rhinitis) at the highest dose, which 
disappeared after dose reduction. Severe side effects 
were not observed. 

Since it was not practicable to measure clinical ef- 
ficacy of the treatment by clinical parameters (symp- 
tom score cards and peak flow values) because of 
noncompiian~e of the children, airway tolerance to 
allergens was determined only by titrated bronchial 
challenge test, indicating threshold concentration of 
the WMC extract inducing an immediate bronchial 
response of PD,. 

Mean bronchial sensitivity before the start of im- 
munotherapy was not significantly different between 
treatment groups. Individu~ PCzO values varied over 
a wide range (WMC, 0.001 HEP up to 1 HEP; MB, 
0.001 HEP up to 0.5 HEP) (Fig. 1, A and B). After 
6 months, there was a significant (p < 0.01) decrease 
of allergen-s~ci~c bronc~al reactivity in both treat- 
ment groups, which was also demonstrable after 12 
and 24 months, excluding seasonal variations caused 
by possible seasonal differences in allergen exposure. 
Among 23 patients after i2 months of immunother- 
apy, 16 patients demonstrated an increase in PC, val- 
ues of at least 1 log dose. There were no significant 

--%----“-34 Uacsth 

@ ---.- 
0 6 12 24MoMi 

flG. 1. Threshold concentration of D. pt@mnyssinus 8x- 
tract (WMC) inducing broncbocon~r~~~o~ w&b a dacrwse 
in FE!/, of at least 20% before and after 6, 12, and 24 
months of immunotherapy. A, fn the WMC-treated group. 
B, In the MB-treated group. 

differences between treatment groups in the ctranges 
of bronchial reactivity to the WMC alimgen extract 
induced by immunotherapy (Table I). 

Mean skin wheal diameters ibid by MB and 
WMC extracts were similar in both ~~~trn~~t groups 
before therapy. The mean reaction to 1. HEP was com- 
parable to the mean wheal diameter of the histamine- 
induced control wheal, indicting that our groups of 
mite-sensitive children were reacting simi$arIy, as did 
individuals used for biologic standardization of the 
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TABLE I. Comparison of study parameters between the WMC- and MB-treatment groups before and 
after treatment (mean values and SEMI 

Eefw% trtratment BM% 32 MO 

Parameter WMC MB WMC MB WMC MB 

ST (HEP) 
I@3 (3) 1.42 i 0.38 1.63 -c 0.36 1.31 2 0.13 0.97 +- 0.15* 094 ” 0*15 1.i3 rt 0.15 
MB (10) 1.46 + 0.25 2.13 2 0.33 1.88 ” 0.29 1.42 l!z 0.26” 1.44 2 0.23 1.47 It 0.21 
VJMC (3) 1.45 2 0.25 1.79 -+ 0.46 1.65 + 0.31 1.42 ” 0.23 1.17 * 0.26 1.02 +: 0.21 
WMC (10) 1.79 If: 0.33 2.15 I+ 0.38 1.96 r 0.25 1.53 t 0.28 1.46 e 0.28 1.06 I!Z 0.18 

Be-WMC~ -2.27 t 0.38 -2.12 r 0.27 -0.97 k 0.38 -0.54 zf: 0.21 -0.45 5 0.34 -0.09 “- 0.07 
LS-MBS. -4.28 2 0.40 -4.32 2 0.54 -3.20 +- 0.25 -3.10 5~ 0.13 -3.24 5 0.23 -3.23 z?z 0.36 
Ls-WMCB -3.15 -r 0.23 -4.62 -c 0.76 -3.52 -t 0.76 -3.34 c_ 0.50 -2.84 2 2.73 -3.58 zt 0.72 

~~~~ui~~t~y larger changes in the MJSrea&d group (p K O.Qlt. 
~&on&d sensitivity Co WMC extract (log threshold conceC@ation in HEP). 
$Leukocyte sensitivity to MB extract (log Ag,, in micrograms per milliliter). 
1 Leukocyte sensitivity to WMC extract (log Ag,, in micrograms per milliliter). 

mite extracts. In both ~eatment groups after 24 
months, we observed a significant decrease of wheal 
diameters induced by both MB and WMC extract 
(p < 0.05 in the MB-treated group for 3 HEP with 
bronchial extracts, p < 0.05 with WMC extract, and 
p < 0.01 with MB extracts in the WMC-treated group 
for 3 HEP). 

Mean Sls calculated from each patient’s ratio of 
wheal diameter induced by allergens and wheal di- 
ameter induced by histamine after 24 months, also 
significantly (p < 0.05) decreased during immuno- 
therapy, as illns~t~ in Fig. 2 for 3 HEP. As with 
BPT, changes were comparable in both groups 

Leukocyte sensitivity was expressed by the allergen 
concen~atio~ inducing 30% hist~ne release in the 
ascending part of the dose-response curves (Ag,& As 
expected, basophil sensitivity to both MB and WMC 
extracts varied over a wide range of approxima~ly 
4 logs before i~uno~e~p~. The mean sensitivity 
was comparable in both groups. After 6 months of 
treatment, basophil sensitivity to both extracts de- 
creased significantly in both treatment groups (p < 
0.01 for the MB-treated group, challenged with both 
extracts, and p < 0.05 challenged with WMC and 
p < 0.01 challenged with MB for the WMC-treated 
group). This pattern was sustained after 12 and 24 
months (Fig. 3). In the WMC-treated group, leuko- 
cyte sensitivity to WMC was decreased in nine of 12 
patients after 1 year, among them four patients for > 1 
log dose. Leukocyte sensitivity to MB increased m 
10 of 12 patients, in six patients for > I log dose. In 
the MB-treated group, leukocyte sensitivity to WMC 
increased in 10 of 11 patients (four, > 1 log dose) and 
to MB, 10 of 11 patients (six of If, >I log dose). 

Neither the changes in basophil sensitivi~ nor in 

allergen-s~ci~c skin ~ctivi~ correlated with the 
changes in bronchial reactivity induced by immuno- 
therapy. 

All p~~ea~ent sera produced clearly visible IgE 
binding to at least two antigens in CRIE; most sera 
reacted with three to five antigens, and one serum 
reacted with eight antigens. Of nine antigens bin~ng 
IgE from at least two sera, four were represented with 
MB extract only. However, the previously defined ma- 
jor allergens, Der p I and Der p II. and the inter- 
mediate allergens, Der p 23 and Der p Y,’ appeared 
as the most frequently and intensely mdios~ned an- 
tigens. 

The number of IgE-binding antigens and the relative 
intensity of r~ios~ing among these were generally 
constant in sera obtained from the same patient during 
the treatment course. Fluctuations in the total staining 
intensity (with a minimum value at 12 months) oc- 
curred for a few sera. The general trend was one of. 
a slight average decrease at 24 months, compared to 
pretreatment level. Average CRIE scores for antigens 
Der p I, Der p II, and Der p Y were reduced by 0.5 
to 1 score (Table II). Specific IgE, measured by the 
percentage binding in RAST, likewise displayed a 
modest fall. Changes generally reached levels of sta- 
tistical significance only when data from both treat- 
ment groups were combined (Table II). 

Changes in CRIB scores to Der p I and Der p II 
correlated singly with each other (rs = 0.74; 
p C O.OS), and at 24 months both correlated with 
changes in RAST (rs = 0.63 and 0.63, respectively; 
p < 0.05) and histamine release (rs = 0.60 and 0.59, 
respectively; p < 0.05) but not with changes in bron- 
chial or skin reactivity. 

The CRIE responses to Der p 23 (an MB-ass~i~ted 



2.d ==‘3HEP 

24 MO 

WMC MB 

0.61 +: 0.12 0.72 + 0.18 
1.07 -r- 0.24 1.06 + 0.17 
0.74 i 0.17 0.70 rt 0.18 
1.22 2 0.18 1.14 IO.23 

-0.79 -c 0.51 -0.08 r~: 0.38 
-3.31 L 0.45 -3.29 c 0.54 
-2.44 r 1.00 -2.73 t 2.13 

allergen3) tended to increase in the W~~-tr~~ted 
group and decrease in the MB-treated group (Table 
II). However, changes from pretreatment levels were 
not significantly different between groups at either 
12 or 24 months when testing was done by Mann- 
Whitney U test. 

Increase in CRIE score to Derp 23 was positively 
corretated with decrease of allergen-specific bronchial 
reactivity (r, = 0.61; p < 0.05) at 24 months but not 
with changes in leukocyte sensitivity or skin reactiv- 
ity. The association between increased response to 
Der p 23 and improved threshold in bronchoprovo- 
cation was strongest when only patients in the WMC- 
treated group were considered (rs = 0.85;p < 0.05). 

Four sera displayed de novo antigen binding in 
CRIE at some time during ~eatment. Reactions were 
weak to moderate (CRIE score 2 to 4). Three of the 
four antigens involved were represented by the MB 
extract alone. One patient, treated with MB extract, 
gave a transient response at 6 months to an MB an- 
tigen. Response to Derp 23 was initiated in another 
MB-treated patient at 24 months. Two patients, treated 
with W&K, developed IgE antibodies at 12 months 
to an MB antigen and to Der p 23, Der p 37, and an 
MB antigen, respectively. 

Average pretreatment levels of specific IgGl and 
IgG4 were similar to normal serum (Table II). None 
of the IgG determinations correlated with pretreatment 
RAST, and IgGl did not correlate with any of the 
IgG4 determinations. Although the actual percentage 
binding was of very different magnitude in the two 
IgG4 assays (with polyclonal and monoclonal reagent, 
respectively), results were strongly correlated (r = 
0.83; p < 0.01). 

Levels of specific IgGl were signific~tly increased 
after 6 months of treatment. Numerically, the changes 
were small, however, and the mean level at 24 months 
was not significantly different from that of normal 

0 6 12 24 

0 6 12 24 Month 

FIG. 2. Sk obtained from skin puncture teets with D. p&?r- 
onyssinus extracts at a concentration of 3 HEP-b&tom and 
during immunafherepy in combined treetment grrzups 
and treatment groups WMC and MB. Sk were r&ted 
by the ratio of the mean wheaf diameters jade by the 
allergen extract and histamine. The numbers in paren- 
theses indicate the numbers of patients being skin tested. 

serum. By contrast, IgG4 levels were increased by a 
factor of 2.5 to 3 at 24 months, and the mean level 
was significantly increased relative to normal serum 
from 6 months forward (Tabie II; Fig. 4). Charrges in 
IgGl and fgG4 did not correlate at any time, and none 
of these parameters correlated with changes in RAST, 
skin test, histamine release, or bronchial provocation, 

In children with perennial asthma, mites of the 
genus Dermatopfaagoides, besides other allergen 
sources, have been identity as a major trigg@~ of 
asthmatic episodes. Allergenic proteins from D. flt’-‘r- 
onyssinus induce immediate skin reactions in puncture 
tests, bronchial obstruction in provocation tests, and 
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FIG. 3. Mean leukocvte sensitivity to WMC and MB extracts in both treatment groups before 
and during immunotherapy. 

w M c -QROlJP 
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histamine release in vitro on incubation with washed 
leukocytes. Although the pathogenetic role of mite 
allergens for the clinical course of asthma is widely 
accepted, there has, until recently, been con~oversy 
on the efficacy of immuno~erapy on the clinical 
course of mite-allergic individuals with asthma. 19-22 

Earlier studies used allergen preparations with 
largely unknown allergen composition and undefined 
global biologic activity. Recent data, reporting on 
studies with potent and well-ch~acte~~d extracts, 
suggest that both the immediate response to bronchial 
allergen challenge, as well as the unspecific response 
to histamine, are influenced by immunotherapy with 
D . pteronyssinus extracts. 23 

After a number of mite proteins have been identified 
as allergens and info~ti~ exists on patients’ spectra 
of sensitization, as well as the relevance of allergenic 
proteins for a mite-allergic population,” the question 
remains to be answered as to how many allergens 
should be in an extract to be both most appropriate 
for reagent of nearly all its-sensitive patients and 
also economically acceptable and producible? It has 
recently been demonstrated for pollen extracts that 
highly purified extracts, containing only one or two 
major allergens, do not elicit therapeutic results that 
are as good as partially purified preparations. 

From our data, we conclude that i~uno~empy 

with the two partially purified house dust mite ex- 
tracts, WMC and MB, modulates in vitro histamine 
release from washed leukocytes to mite allergens, as 
well as skin sensitivity. The efficient of variants for 
the results of leukocyte histamine-release experiments 
performed on different days with 10 to tenfold dilution 
experiments has been previously demonstrated by us 
to be in the range of 8% to 358.‘” Therefore, it appears 
unlikely that a poor reproducibility of basophil sen- 
sitivity could explain the observed changes. 

Our results do not support the hypothesis that the 
use of pure MBs as sources for an allergen extract 
might increase the immunologic efficacy of immu- 
notherapy, D . pteronyssinw extract. 

Modest reductions in levels of specific IgE were 
found after the 2-year i~uno~erapy course of the 
present study, and the changes recorded could not 
generally be associated with reduced responsiveness 
in the airways, or skin, or in basophil leukocytes. This 
is similar to the situation in most hyposensitization 
trials with aqueous or cosine-absurd D . pteronys- 
sinus extracts in which small and insignificant changes 
were found after 3 to 12 months of treatment.6s ‘9 *‘, 28 
However, in one study,29 a large proportion of the 
patients demonstrated significant rises in specific IgE 
after 3 months, with the magnitude of the increase 
being negatively associated with protective effect. 
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TABLE II. Arithmetic mean IgE and IgG antibody levels during the treatment course 
---- ~I___.--- .._. .-._. _ ._._.- - _.._ x_ 

acBOPKd 

OMo 6Mo 12 MO 24 MO %I?iWIl 
-___I I--e- 

Rast 

WMC 13.1 12.8 12.5 1 I .9* 
MB 12.4 12.2 12.0 lI.b .i -; 

All 12.7 12.5 12.3 11.8* 
CRIE Der p I 

WMC 4.92 4.25 5.18 4.67 
MB 5.41 5.17 4.63 4.38 c i 
All 5.15 4.74 4.95 4.501 

CRIE Der p II 

WMC 4.67 4.13 4.73 4.00 
MB 4.59 4.56 3.56* 3.94 ( I 
All 4.63 4.36 4.24 3.97* 

CRIE Der p 23 

WMC 2.17 2.38 2.55 2.50 
MB 1.91 1.78 1.38 1.50 c. i 
All 2.04 2.06 2.05 1.97 

CRIE Der p Y 

WMC 3.08 2.50 2.82 1.83 
MB 3.00 2.72 1.75 1.75 i I 
All 3.04 2.62* 2.37t 1.79* 

IgG 1 
All 13.8 17.7: 19.2: IS.Ot Ib.0 

IgG4pS 
All 21.2 43.8: 52.8: 54.5' L5.X 

IgG4ms 
All 4.4 9.4+ 11 .a* 12.4t 4.1 

1.~_1 

*Significantly different ( p < 0.05) from pretreatment value by the Wilcoxon matched-pair signed-rank test. 
K!&r~ificantly different ( p < 0.01) from pretreatment value by the Wilcoxon matched-pair signed-rank test. 
f Assay with polyclonal antibodies. 
8 Assay with monoclonal antibodies. 

The only in vitro parameter in the present study 
associated with a change in bronchial sensitivity was 
the CRIE score to antigen Der p 23. We note (1) that 
an increased response to this MB-associated allergen 
correlated strongly with decreased bronchial sensitiv- 
ity in the WMC-treated group in which average Der 
p 23 score tended to increase (Table II), (2) that no 
corresponding association was found between re- 
sponse to Der p 23 and histamine release or skin test, 
and (3) that IgE to this allergen appeared de novo 
during the treatment course in both the MB- and the 
WMC-treated group. The changes in response to Der 
p 23 are noticeable but difficult to explain satisfac- 
torily. One possibility is that sensitization to Der p 
23, uninfluenced by the therapeutic injections, con- 
tinues to take place as a result of the natural exposure 
to mite antigens. 

Previous studies of the IgG responses to hyposen- 
sitization have presented variable results. In two stud- 

ies, 6, 28 small and insignificant rises were reported. 
One study’ reported a transient increase ia IgG to F,P, 
(equal to Derp I) at 2 and 6 months, whereas Chapman 
et al.*’ found frequent and large increases in IgG to 
Der p I after 12 months of hyposensitizakm. In none 
of these studies was an association between IgG an- 
tibody determinations and protective effect of treat- 
ment observed. 

In the present study, specific antibody responses in 
two IgG subclasses were determined. A small rise in 
IgGl and a large, consistent rise in IgG4 to WMC 
extract was observed. These findings arc in accor- 
dance with the subclass-restricted naw of the IgG 
antibody response observed after prolmged immu- 
nization.30 No correlation was found between the in- 
crease of the bronchial provocation threshold at 24 
months and the IgGl or IgG4 antibody rises at 6, 12, 
and 24 months, or the ratio between the IgGl and the 
IgG4 rise at 6 months. Thus, our data do not lend 



366 Wahn et al. J. ALLERGY CLIN. IMMUNOL. 
SEPTEMBER 1989 
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FIG. 4. D. ~~e~nyss~n~s (WMC)-sp~ific lgG4 antibodies before and during immunotherapy with 
WMC and MB extracts. 

direct support to the good Prognostic value of an early 
IgGl rise and the poor prognostic value of an early 
IgG4 rise, as recently indicated for grass-pollen and 
vespid-venom hyposensitization.3’* 32 

Still, the question remains whether our parameters 
used for assessment of efficacy are appropriate to pre- 
dict therapeutic benefit on the long-term clinical 
course of bronchial asthma. 

A number of in vitro parameters have been found 
to be modulated by immunotherapy, but there is still 
no evidence that any of the humoral or cellular pa- 
rameters really correlated with the clinical course of 
the disease. For both MB- and WMC-~atment 
groups, basophil sensitivity to mite allergens was sig- 
nificantly reduced, but as in other studies, we were 
unable to correlate cellular changes to threshold con- 
centrations leading to bronchial obstruction in prov- 
ocation tests. 

StafangeP3 recently reported that in mite-sensitive 
children with asthma, neither skin test nor basophil 
sensitivity offered 100% sensitivity and specificity in 
predicting the outcome of BPTs. 

The reproducibility of a PD,, allergen dose in chil- 
dren at intervals of months or years, to our knowledge, 
has not been investigated. We therefore cannot ex- 
clude the observed changes to be due to a natural 
course of the disease. For adults, it has recently been 
demonstrated that PDzo allergen doses at 2-week in- 
tervals are highly reproducible.34 

Bronchial provocation tests, although they are help- 
ful for diagnosis as well as documentation of thera- 
peutic results, are still highly artificial procedures that 
do not simulate natural allergen exposure of patients 

with asthma. Platts-Mills et al.35 recently demon- 
strated that natural exposure to allergenic molecules 
from mites predominantly occurs via dust particles of 
a size >5 pm, which only reach the larger bronchi. 
In contrast, nebulizers used for inh~ation produce 
aerosol particles of 0.5 to 5 pm in diameter that are 
inhaled into the periphery of the bronchial tree. 

Even if the provocation procedure is standardized 
and if the availabili~ of well-ch~cte~zed extracts 
allows reproducible conditions, they may not allow 
conclusions about clinical efficacy, since there are no 
data in the literature relating the results of allergen- 
specific bronchial reactivity with a long-term clinical 
evolution of bronchial asthma. 

It has been demonstrated that the disappearance of 
late reactions after BPTs after immunothe~py with 
D. ~~~~o~y~~j~~~ extracts is related with clinical im- 
provement.36 Late reactiqns in our study, however, 
were observed in a small minority of patients only; 
therefore, they were not suitable as a study parameter 
during immunotherapy. 

An immediate response to an allergen challenge test 
is most probably influenced by both the dem,e of 
sensitivity of mucosal mast cells as well as nonsocial 
hyperreactivity of the bronchial tree.37 Therefore, 
changes in bronchial allergen threshold concentration 
leading to immediate bronchoconstriction might be 
due to specific and nons~cific mechanisms. Further- 
more, in children the degree of bronchial hyperreac- 
tivity changes with age.38 Since we did not perform 
titrated histamine provocation tests, we are unable to 
disc~rn~a~ nonspecific from specific effects. How- 
ever, Formgren et al .23 recently presented evidence for 
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nonspecific bronchial hyperreactivity to be influenced 
by immunotherapy with mite extracts. Sundin et al.39 
reported changes in bronchial sensitivity to both al- 
lergen and histamine during immunotherapy with a 

standardized and partially purified cat-dander extract. 
According to Cockcroft, unspecific hyperreactivity 
obviously is not a constant factor in the course of an 
asthmatic disease, but rather a variable, being influ- 
enced by the degree of allergenic inflammation of the 
bronchial mucosa, which is mediated by products of 
immunologically triggered mast cells. Immunologic 
therapeutic procedures influencing the sensitivity of 
mediator-screening cells therefore should be expected 
to lead to changes in both nonspecific and specific 
bronchial hyperreactivity. 
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The Hymenoptera venom study I, 19794982: 
Demographics and history-sting data 

Richard F. Lackey, MD, Paul C. Turkeltaub, MD, Irene A. Baird-Warren, 
Christine A. Olive, Emory S. Olive, Brett C. Peppe, and 
Samuel C. Bukantr, MD Tampa, Flu., and Bethesda, Md. 

The Hymenoptera venom study, a study based on case histories, skin test results and 
adverse reactions, ~mmunother~y and adverse reactions, and treatment efficacy, for 3236 
Iiymenoptera-allergic subjects, was begun in 1979 after the Food and Drug Administration 
approval of Hymenoptera venoms. Eighty-four Fellows and Members of the American Academy 
of Allergy and Immunology participated in the study. All subjects had a history of an adverse 
reaction to one or more Hymenv~tera insects. The mean age was 3tZ.z years (range I to 83 
years). Male subjects accounted for 61.5% and female subjects, 38.5%; 3.1% were beekeepers 
and 32.390 were atopic. Demographic data were similar for subgroups. There was an average 
of 2.7 history stings per subject. At least one systemic reaction (SR) was reported by 2866 
subjects (89%); 2219 (69%) experienced an SR after their most recent sting before entry into the 
study, and 70% had experienced only a single SR. Moderate to severe SRs were equally likely 
after stings of yellow jacket, white-fuced hornet, and yellow hornet (65%), honeybee {67%), or 
wasp (70%), although historical SRs were reported more often after stings of yellow jacket, 
white-faced hornet, or yellow hornet (30%) than after honeybee (19%) or wasp (14%) stings. 
No association was noted between the number of stings per episode and severity of the SR. 
Fift-one percent of SRs were reported as occurring within 10 minutes of sting; however, the 
onset of a moderate to severe SR sometimes occurred at 301 or more minutes after a sting 
episode. Of 2219 subjects with UR SR after their most recent sting before entry into the sttidy, 
68% received epinephr~ne for treatment. (.I ALLERGY CLM ~~M~~~~ 1988;8~:3~~-81.) 
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When venom extracts became commercially avail- 
able late in 1979, an HVS was initiated by question- 
naire by the American Academy of Allergy and Im- 
munology Committee on Insects. The study was based 
on the case histories and VST results of 3236 subjects 
who had reacted adversely, either with an SR or LR, 
to stings by Hymenoptera insects. Knformation was 
submitted by 84 Fellows and Members of the Acad- 
emy, and follow-up data were available for most 
subjects. 

The goals of the Therapeutic Safety and Efficacy 
Protocol were (1) to ascertain the frequency and se- 
verity of infield SSR (with signs and/or symptoms as 
listed below) in subjects with a history of previously 
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