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In dogs, atopic dermatitis (AD) is a chronic relapsing
pruritic dermatitis associated with IgE-mediated

hypersensitivity to aeroallergens.1 House dust mites, in
particular Dermatophagoides farinae and Dermato-
phagoides pteronyssinus, are reported to be among the
most common allergens causing hypersensitivity in
dogs with AD.2-5

Intradermal testing (IDT) is a well-recognized

and common method of determining allergen-specific
hypersensitivity in vivo.6,7 The results allow clinicians
to advocate allergen avoidance measures that are
appropriate for individual patients and to formulate
allergen-specific vaccines for immunotherapy.

In veterinary medicine, crude extracts of individ-
ual house dust mites (D farinae and D pteronyssinus),
mixed house dust mite extracts containing both D fari-
nae and D pteronyssinus, and house dust extracts have
been used for IDT.8-11 Two recent studies8,9 recommend
use of a mixed house dust mite extract for IDT of dogs
suspected to have atopic dermatitis. However, use of
mixtures of allergens for IDT is controversial, and it is
believed that testing with individual allergens should
give more accurate results.1,7 To the authors’ knowl-
edge, there are no reports on the correlation between
reactivity to individual house dust mite extracts and
mixed house dust mite or house dust extracts in dogs
undergoing IDT. Therefore, the purpose of the study
reported here was to compare reactivities to intrader-
mal injection of extracts of D farinae, D pteronyssinus,
house dust mite mix, and house dust in dogs suspect-
ed to have atopic dermatitis.

Criteria for Selection of Cases
Medical records of all dogs that underwent IDT

through the dermatology service at The Ohio State
University’s College of Veterinary Medicine between
October 1996 and July 1998 were reviewed. Dogs that
underwent IDT were suspected to have atopic dermati-
tis on the basis of suggestive historical features, typical
clinical signs, and elimination of other possible causes
of the clinical abnormalities.6 The diagnosis of atopic
dermatitis was confirmed when positive IDT reactions
were consistent with the known seasonality of the dog’s
disease and the likelihood of exposure to allergens that
resulted in positive reactions. Food-related dermatitis
was ruled out on the basis of a lack of response to feed-
ing a commercial or home-cooked hypoallergenic elim-
ination diet for a minimum of 4 but usually 8 weeks. If
a dog improved while fed a hypoallergenic elimination
diet, the diagnosis of food-related dermatitis was con-
firmed if clinical signs worsened within 1 week after
the dog was returned to its previous diet. 

Procedures
In all dogs, IDT consisted of intradermal adminis-

tration of a panel of 70 aeroallergens specifically for-
mulated for the central Ohio area. Reactivity to D fari-

Reactivity to intradermal injection 
of extracts of Dermatophagoides farinae,

Dermatophagoides pteronyssinus, house dust
mite mix, and house dust in dogs suspected 

to have atopic dermatitis: 115 cases (1996–1998)

Andrew Hillier, BVSc, DACVD; Kenneth W. Kwochka, DVM, DACVD; Lauren R. Pinchbeck, BA

Objective—To compare reactivities to intradermal
injection of extracts of Dermatophagoides farinae,
Dermatophagoides pteronyssinus, house dust mite
mix, and house dust in dogs suspected to have atopic
dermatitis.
Design—Retrospective study.
Animals—115 dogs. 
Procedures—Records of all dogs suspected to have
atopic dermatitis that underwent intradermal testing
between October 1996 and July 1998 were reviewed.
Reactivities to intradermal injection of crude mixed
house dust mite (1:25,000 wt/vol) and crude house
dust (25 PNU/ml) extracts were compared with reac-
tivities to intradermal injection of individual extracts of
D farinae and D pteronyssinus (1:50,000 wt/vol).
Results—Ninety dogs were confirmed to have atopic
dermatitis including 61 of the 69 dogs with positive
reactions to either or both of the individual house
dust mite extracts. Intradermal testing with the
mixed house dust mite extract had sensitivity of
75%, specificity of 96%, and accuracy of 83%.
Intradermal testing with the house dust extract had
sensitivity of 30%, specificity of 93%, and accuracy
of 56%. 
Conclusions and Clinical Relevance—Results sug-
gest that use of crude mixed house dust mite and
crude house dust extracts for intradermal testing in
dogs is not as accurate a method of determining
house dust mite hypersensitivity as is the use of indi-
vidual D farinae and D pteronyssinus extracts mainly
because of the high percentage of false-negative
results. Extracts of individual house dust mites are
recommended for intradermal testing of dogs sus-
pected to have atopic dermatitis. (J Am Vet Med
Assoc 2000;217:536–540)

From the Department of Veterinary Clinical Sciences, College of
Veterinary Medicine, The Ohio State University, Columbus, OH
43210 (Hillier, Kwochka); and Heska Corp, 1613 Prospect Pkwy,
Fort Collins, CO 80525 (Pinchbeck). 

536_540.QXD  8/22/2005  2:45 PM  Page 536

Unauthenticated | Downloaded 01/16/25 01:18 PM UTC



JAVMA, Vol 217, No. 4, August 15, 2000 Scientific Reports: Retrospective Study 537

S
M
A
L
L
A
N
IM
A
L
S
/

E
X
O
T
IC
S

naea and D pteronyssinusb was tested individually, using
a 1:50,000 wt/vol concentration of the crude extracts.
The mixed house dust mite extractc was a 1:1 mixture
of crude D farinae and D pteronyssinus extracts; a
1:25,000 wt/vol concentration was used. House dust
extractd was used at a concentration of 25 PNU/ml. All
extracts were prepared and diluted in sterile diluente

according to standard protocols.6

In all dogs, administration of anti-inflammatory
drugs was discontinued prior to IDT; routine recom-
mendations for withdrawal times were followed.6 All
dogs were sedated with xylazine hydrochloride and
atropine sulfate, and IDT was performed, using a stan-
dard protocol, on the left lateral aspect of the thorax.6

A volume of 0.05 ml of each allergen and each control
solution was injected intradermally at separate sites.
Reactivity was assessed subjectively 15 minutes after
injection of allergens and was graded on a scale from 0
to 4 on the basis of size, intensity of erythema, and
turgidity. A score of 4 was assigned if the reaction was
equivalent to that induced by the histamine control
solutionf; a score of 0 was assigned if the reaction was
equivalent to that induced by the negative control solu-
tion (ie, sterile diluente). Reactions scored as 2 (half the
size and turgidity of the reaction induced by the hista-
mine control solution) or greater were considered to be
positive and indicative of hypersensitivity.6

Data analyses—Sensitivity ([number of true-posi-
tive results]/[number of true-positive results + number
of false-negative results]), specificity ([number of true-
negative results]/[number of true-negative results +
number of false-positive results]), predictive value of a
positive result ([number of true-positive
results]/[number of true-positive results + number of
false-positive results]), predictive value of a negative
result ([number of true-negative results]/[number of
true-negative results + number of false-negative
results]), and accuracy ([number of true-positive
results + number of true-negative results]/[number of
true-positive results + number of true-negative results
+ number of false-positive results + number of false-
negative results]) of using the mixed house dust mite
extract and of using the house dust extract for IDT
were assessed, with reactivity to the individual mite
extracts regarded as the criterion standard.

Results
One hundred fifteen dogs met the criteria for

inclusion in the study. Dogs ranged from 9 months to
10 years old. Sixty-eight (59%) were male, and 47
(41%) were female. There were 26 (23%) Labrador
Retrievers, 24 (21%) mixed-breed dogs, and 9 (8%)
Golden Retrievers; the remaining 56 dogs represented
32 other breeds with ≤ 4 dogs each. 

In 90 (78%) dogs, the diagnosis of AD was con-
firmed on the basis of results of IDT; 81 of the 90
(90%) dogs with AD had year-round disease. For the
remaining 25 dogs, results of IDT did not correlate
with the known history and clinical signs. Final diag-
noses for these dogs included AD (diagnosed on the
basis of combined intradermal and serum allergy test
results), food-related dermatitis, insect hypersensitivi-

ty, and idiopathic pruritic dermatitis.
Hypoallergenic elimination diets were fed to 79 of

the 81 dogs with year-round AD, and 4 (5%) were
determined to have concurrent food-related dermatitis.
The remaining 2 dogs were not fed a hypoallergenic
elimination diet for a minimum of 4 weeks because of
lack of owner compliance in 1 instance and refusal on
the part of the dog to eat the prescribed diet in the
other.

Four dogs had a history of Sarcoptes scabeii or
Otodectes cyanotis infestation, although none were
known to be infested at the time of IDT. Two of these
dogs had positive reactions to D farinae, mixed house
dust mite, and house dust extracts; 1 had been treated
for scabies 4 months, and the other 1 year, prior to IDT.
Two dogs had negative reactions to both individual
house dust mite extracts, mixed house dust mite
extract, and house dust extract; 1 was treated for ear
mite infestation > 1 year prior to IDT, and the other
was treated for scabies 6 months prior to IDT.

Of the 115 dogs, 69 (60%) had positive reactions
to D farinae alone (n = 31), D pteronyssinus alone (2),
or both D farinae and D pteronyssinus (36); 54 (47%)
had positive reactions to the mixed house dust mite
extract; and 24 (21%) had positive reactions to the
house dust extract. Sixty-one of the 69 (88%) dogs that
had positive reactions to D farinae, D pteronyssinus, or
both were confirmed to have AD. 

Using responses to the individual house dust mite
extracts as the criterion standard, IDT with the mixed
house dust mite extract had sensitivity of 75%, speci-
ficity of 96%, positive predictive value of 96%, negative
predictive value of 72%, and accuracy of 83% (Table
1). Six of the 36 (17%) dogs that had positive reactions
to both individual mite extracts, 10 of the 31 (32%)
dogs that had a positive reaction to D farinae alone, and
1 of the 2 (50%) dogs that had a positive reaction to D
pteronyssinus alone had a negative reaction to mixed
house dust mite extract. 

Using responses to the individual house dust mite
extracts as the criterion standard, IDT with the house
dust extract had sensitivity of 30%, specificity of 93%,
positive predictive value of 88%, negative predictive
value of 47%, and accuracy of 56% (Table 2). Eighteen
of the 36 (50%) dogs that had positive reactions to
both individual mite extracts, 29 of the 31 (94%) dogs
that had a positive reaction to D farinae alone, and 1 of
the 2 (50%) dogs that had a positive reaction to D
pteronyssinus alone had a negative reaction to house

Reaction to extracts of
individual house dust mites

Reaction to mixed house
dust mite extract* Positive† Negative Total

Positive 52 2 54
Negative 17 44 61

Total 69 46 115

*Concentration of 1:25,000 wt/vol. †Positive reaction to a Dermato-
phagoides farinae extract (1:50,000 wt/vol), a Dermatophagoides pteronyssi-
nus extract (1:50,000 wt/vol), or both.

Table 1—Cross-tabulation of results of intradermal  testing, using
extracts of individual house dust mites and a mixed house dust
mite extract in 115 dogs suspected to have atopic dermatitis
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dust extract.

Discussion
It has recently been recommended that a mixed

house dust mite extract with equal parts of D farinae
and D pteronyssinus be used for IDT of dogs suspected
to have atopic dermatitis.8,9 Results of the present study,
however, indicated that use of a mixed house dust mite
extract had an accuracy of only 83% when reactions to
individual house dust mite extracts were used as the
criterion standard. Specificity (96%) and predictive
value of a positive result (96%) were high, with only 2
of 54 (4%) dogs having false-positive results. However,
sensitivity (75%) and predictive value of a negative
result (72%) were lower, and 17 of 69 (25%) dogs had
false-negative results when the mixed house dust mite
extract was used for IDT. Closer examination of the
data indicated that sensitivity of using mixed house
dust mite extract was better in dogs that had positive
reactions to both individual mite extracts (30/36; 83%)
than in dogs that had positive reactions to D farinae
alone (21/31; 68%) or to D pteronyssinus alone (1/2;
50%). Thus, in dogs living in environments in which
only 1 of the dust mite species is present, the accuracy
of using the mixed house dust mite extract for IDT is
likely to be less than the 83% found in the present
study.

Reasons for the high number of false-negative
reactions to the mixed house dust mite extract are not
obvious. According to the manufacturer’s label,c the
mix contains equal parts of crude D farinae and D
pteronyssinus extracts. The concentration of the mixed
house dust mite extract used for IDT in the present
study was 1:25,000 wt/vol, which means that there was
a concentration of 1:50,000 wt/vol of each of the indi-
vidual mite species. This is the same concentration of
the individual house dust mite extracts used for IDT. It
is known that some allergenic extracts, including
house dust mite extracts, contain proteases,12 and it is
possible that proteases in the mixed house dust mite
extract degraded some of the allergenic proteins in the
extract, altering their allergenicity. However, further
study is needed to determine whether this hypothesis
is true. 

A premise of the use of allergen extracts containing
> 1 allergen is that only allergens known to have a high
degree of immunologic cross-reactivity in the species
tested should be mixed in a single extract.7 Although
cross-reactivity between D farinae and D pteronyssinus is
well established in human patients with atopy,13,14 simi-
lar cross-reactivity has yet to be demonstrated in dogs.

In fact, examination of the results of 1 study suggests
that there is poor cross-reactivity between these 2 house
dust mite species in dogs.15 Recently, a high molecular
weight protein (between 90 and 98 kd) has been report-
ed by 3 groups of investigators as the major allergen of
D farinae for dogs.15-17 It has yet to be determined
whether the same or a closely related protein is present
in D pteronyssinus.

In this regard, it is interesting to examine the dis-
tribution of reactivity to D farinae and D pteronyssinus
among dogs in the present study. Of the 69 dogs that
had positive reactions to the individual house dust
mite extracts, 36 had positive reactions to D farinae
and D pteronyssinus, 31 had a positive reaction to D
farinae alone, and 2 had a positive reaction to D
pteronyssinus alone. Thus, 67 of the 69 (97%) had pos-
itive reactions to D farinae, and 38 (55%) had positive
reactions to D pteronyssinus. This pattern of reactivity
may be reflective of exposure to these mites in the
environment of the dogs in this study. In a study of
mite populations in 19 homes in Cincinnati and
Dayton, Ohio,18 it was found that all 19 homes were
infested with D farinae, but only 7 were infested with
D pteronyssinus, and none were infested with D
pteronyssinus alone. In a study of the prevalence of
Dermatophagoides spp in 48 homes in Cincinnati,19

96% of homes were infested with D farinae, and 81% of
homes were infested with D pteronyssinus, but only 4%
were infested with D pteronyssinus alone. On the other
hand, the pattern of reactivity to these 2 house dust
mites among dogs in the present study may be indica-
tive of an increased allergenicity of D farinae in dogs so
that dogs develop hypersensitivity to this mite more
readily than they do to D pteronyssinus. Evaluation of
house dust mite numbers and concentrations of house
dust mite allergens in the microenvironment of dogs
included in studies of house dust mite hypersensitivity
may be helpful in clarifying the predominance of D
farinae reactivity. However, we suggest that the reactiv-
ity pattern is more likely a reflection of relative expo-
sure to the individual mite species rather than an
increased allergenicity of D farinae in dogs. 

The fact that 36 dogs had positive reactions to
both individual house dust mite extracts suggests that
there may be a subpopulation of dogs with house dust
mite hypersensitivity in which there is immunologic
cross-reactivity between these 2 species of house dust
mites. However, these 36 dogs represented only 52% of
the 69 dogs that had positive reactions to 1 or both of
the individual mite extracts, and we do not believe this
demonstrates sufficient cross-reactivity to warrant the
use of a single extract containing both house dust mite
species for IDT.

In the present study, use of the crude house dust
extract had an accuracy of only 56% in identifying dogs
with hypersensitivity to the individual house dust
mites. In particular, there were a large number of false-
negative reactions (48 of the 69 dogs that had positive
reactions to the individual house dust mites had a neg-
ative reaction to the house dust extract), resulting in
low sensitivity (30%) and negative predictive value
(47%). Closer examination of these results indicated
that sensitivity of using the house dust extract was 50%

Reaction to extracts of
individual house dust mites

Reaction to house dust extract* Positive† Negative Total

Positive 21 3 24
Negative 48 43 91

Total 69 46 115

*Concentration of 25 PNU/ml. 
See Table 1 for remainder of key.

Table 2—Cross-tabulation of results of intradermal testing, using
extracts of individual house dust mites and a house dust extract
in 115 dogs suspected to have atopic dermatitis
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(18/36) in dogs that had positive reactions to both
individual mite extracts, 6% (2/31) in dogs that had
positive reactions to D farinae alone, and 50% (1/2) in
dogs that had positive reactions to D pteronyssinus
alone. Thus, as for mixed house dust mite extract, the
house dust extract had lower sensitivity and negative
predictive value in dogs that had positive reactions to
D farinae alone.

Crude house dust extract is a mixture of many
allergens and includes not only house dust mites but
also danders, mold spores, other insect allergens, pol-
lens, and nonallergenic proteins.20,21 This extract is
standardized only in regard to the total amount of pro-
tein per unit volume, and the relative amount of each
individual allergen may vary tremendously. Reactivity
to house dust is consequently not specific for any par-
ticular allergen, and the amounts of house dust mite
allergen in house dust extracts may vary by as much as
4,000%.20 For this reason, and because of the low accu-
racy associated with using house dust extract in the
present study, we believe that reactivity to crude house
dust extracts is of little diagnostic value. 

In the study by Codner and Tinker,8 it was deter-
mined that mixed house dust mite extract should be
used at a concentration of 1:50,000 wt/vol (equivalent
to a concentration of 1:100,000 wt/vol of each of the 2
individual house dust mite species). In the present
study, concentrations of D farinae, D pteronyssinus, and
mixed house dust mite extracts used were double these
concentrations. It has been suggested that the thresh-
old concentration of an allergenic extract for use in
IDT should be the maximum concentration for which
a minimum number of healthy dogs have a positive
reaction.11 However, this suggestion is based on the
notion that IDT can be used to distinguish dogs with
atopy from dogs without. We believe, on the other
hand, that with currently available allergen extracts
and knowledge, the true use of any allergy test, includ-
ing IDT, is to distinguish between animals that have
hypersensitivity to a specific allergen and animals that
do not have hypersensitivity to that allergen. The clin-
ical importance of IDT reactivity can be assessed only
in conjunction with the history and clinical signs and
only after other potential causes of the clinical signs
have been ruled out.6,22,23 Studies in humans have
shown that up to 40% of the population may have
house dust mite hypersensitivity, but that 50% of those
with house dust mite hypersensitivity do not have
allergic disease.24-27 If the situation in dogs is similar,
then in the study by Codner and Tinker,8 positive reac-
tions to mixed house dust mite extract at concentra-
tions of 1:10,000 wt/vol and 1:25,000 wt/vol in 5 of 24
(21%) and 4 of 24 (17%), respectively, healthy dogs
may have been a reflection of true, albeit subclinical,
hypersensitivity to house dust mites. 

House dust mite and house dust extracts are
potential irritants, as is any allergen extract. There is
concern that the use of these extracts at high concen-
trations will cause nonspecific irritant reactions lead-
ing to false-positive IDT results. In a recent report, 5 of
5 laboratory-raised Beagles were found to have nega-
tive reactions to intradermal injection of a D farinae
extract at a concentration of 1:10,000 wt/vol,28 suggest-

ing that at concentrations even higher than those used
in the present study, an irritant effect was unlikely.28

Threshold concentrations will need to be further eval-
uated by means of passive cutaneous anaphylaxis test-
ing and determination of the minimal concentration of
house dust mite extract that causes irritant reactions in
dogs specifically reared in an environment free of
house dust mites. 

Before an optimal concentration of house dust
mite extracts for use in IDT in dogs can be determined,
a method of standardizing house dust mite extracts
quantitatively and qualitatively, according to the major
allergenic peptides of house dust mites for dogs, must
be developed.29 During the present study, more than 1
batch of concentrated allergen extract for each of the
mixes and the individual mites was purchased to pre-
pare the dilutions used for IDT. This may have been the
cause of some of the differences in skin test reactivity
over the course of the study. However, as none of these
extracts are standardized for biological potency in
dogs, even extracts purchased at the same time and the
use of the same concentrated extracts throughout the
study would not necessarily have provided a better
basis for comparison of IDT reactivity.

Cross-reactivity between D farinae and Sarcoptes
scabeii in dogs and between Dermatophagoides spp and
Otodectes cynotis in cats has been reported.30,31 Thus,
infestation with acarine mites other than Dermato-
phagoides spp at the time of IDT may lead to difficul-
ties in interpretation of positive reactions to
Dermatophagoides spp. The duration of such cross-
reactivity following resolution of parasitic mite infesta-
tions and the clinical relevance of this in dogs is still
unclear. In the present study, only 4 (3%) dogs were
known to have previously been infested with parasitic
mites, and with so few dogs, we are unable to draw any
conclusions regarding cross-reactivity to other mites.

The success of immunotherapy is dependent on the
correct identification of allergens to which the patient is
hypersensitive.6,21,32 Use of mixtures of allergens for IDT
that are not highly cross-reactive may create difficulties
in interpretation of IDT results and in formulation of
vaccines for immunotherapy. If mixed allergenic
extracts are used for IDT, false-negative results may be
obtained. In the present study, false-negative results
were obtained for 25% of the dogs when mixed house
dust mite extract was used and for 70% of the dogs
when house dust extract was used. Reliance on these
results would have led to exclusion of clinically relevant
allergens from an immunotherapeutic vaccine.
Additionally, false-positive reactions were identified.
For instance, 21 of 31 dogs that had positive reactions
to D farinae alone had positive reactions to the mixed
house dust mite extract and would have been interpret-
ed to have been hypersensitive to D pteronyssinus as
well, leading to inclusion of an irrelevant allergen in an
immunotherapeutic vaccine. Consequently, dogs in
which IDT is performed with mixed extracts may have
a poor response to immunotherapy as a result of exclu-
sion of relevant allergens and may theoretically become
sensitized to an irrelevant allergen that has been includ-
ed in a vaccine.

In conclusion, this study indicates that use of a
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mixed house dust mite extract for IDT in dogs is not as
accurate a method of determining house dust mite
hypersensitivity as is use of individual D farinae and D
pteronyssinus extracts. This is particularly true in dogs
that are hypersensitive to only 1 of these 2 house dust
mite species. Intradermal test reactions to crude house
dust extracts are nonspecific and not clinically useful
in detecting hypersensitivity to individual house dust
mites in dogs. 

aB51 D farinae, Greer Laboratories, Lenoir, NC.
bB58 D pteronyssinus, Greer Laboratories, Lenoir, NC.
cB060 GS mite mix, Greer Laboratories, Lenoir, NC.
dD9 House dust, Greer Laboratories, Lenoir, NC.
e07030 Sterile diluent for allergenic extracts, Greer Laboratories,

Lenoir, NC.
fHistatrol, Center Laboratories, Port Washington, NY.
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