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The intradermal test (IDT) for detection of allergen
hypersensitivity is characterized by an immediate

reaction (IR) that occurs at 10 to 20 minutes and is fol-
lowed hours later by a late-phase reaction (LPR).1 The
IR and LPR are IgE-dependent reactions.1-3

In humans, the LPR is reported to peak at 6 to 12
hours and then diminishes 24 to 48 hours after aller-
gen injection,1 although in 1 study4, a peak at 24 hours
but no significant difference in the LPR at 6, 24, and 48
hours was reported. Macroscopically, the LPR is char-
acterized by edema, erythema, pruritus, and heat.2 As
the dose of allergen increases, the prevalence of a LPR
after IDT approaches 100%, with reports of 10 to 150
times the dose of allergen being necessary to reliably
induce a LPR, compared with the allergen dose
required to induce an IR.1,5,6 Individuals who have a
detectable LPR are generally believed to have a higher
degree of allergen hypersensitivity than individuals
who only have an IR to allergen.7 Although the precise
clinical relevance of a LPR is still unknown, the histo-
logic, immunohistochemical, and immunologic
changes observed during the LPR suggest that it more
closely resembles the changes associated with chronic
allergic reactions than does the IR.8-10

Canine atopic dermatitis (AD) is an IgE-mediated
hypersensitivity to environmental allergens.11 Allergen-
specific hypersensitivity in dogs is often detected by
observation of the IR after IDT. There are few reports
of the LPR in dogs12-18; LDR after IDT in dogs with
spontanrous, clinical disease has been reported in only
2 studies with small numbers of dogs. To the authors’
knowledge, parameters for the optimal performance,
evaluation, and interpretation of LPR in dogs have not
been reported.

The purpose of this study was to describe the
prevalence of LPR after IDT in healthy dogs and in
dogs with AD and an IR to D farinae with the IDT.
Furthermore, we aimed to determine whether the pres-
ence or absence of a LPR was associated with allergen
dose, severity of clinical signs, and serum allergen-spe-
cific IgE concentrations in dogs with AD.

Materials and Methods
Sample population

Healthy dogs—Adult pet dogs with no history of skin
disease and no history of disease of any other organ system
that may have an allergic cause were selected for inclusion in
the study. No abnormalities were detected via full physical
examination at the time of entry into the study. The owner’s
consent was granted before inclusion into the study. 

Dogs with AD—Atopic dermatitis was diagnosed in
adult pet dogs on the basis of suggestive historical features,
typical clinical signs of disease, and rule-out of differential
diagnoses.19 Specifically, all dogs had a history of nonseasonal
pruritus and were believed to have clinically important hyper-
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Objective—To determine the prevalence of late-phase
reactions to intradermal testing with Dermatophagoides
farinae in healthy dogs and dogs with atopic dermatitis
and an immediate reaction to D farinae.
Animals—6 healthy dogs and 20 dogs with atopic
dermatitis and immediate reactions to D farinae.
Procedure—Intradermal tests were performed with
D farinae at 1:1,000 wt/vol and 1:50,000 wt/vol con-
centrations, and skin reactivity was evaluated after
0.25, 6, and 24 hours. Serum D farinae-specific IgE
antibodies were assayed. Extent of lesions (atopy
index) and pruritus (visual analogue scale) were evalu-
ated in dogs with atopic dermatitis.
Results—Late-phase reactions were observed in
healthy dogs at 6 hours (n = 2 dogs) and 24 hours (1)
with the 1:1,000 wt/vol concentration, and at 6 hours
(1) and 24 hours (1) with the 1:50,000 wt/vol con-
centration of allergen. Late-phase reactions in
healthy dogs were only observed in dogs with an
immediate reaction to D farinae. Late-phase reac-
tions were observed in 11 of 20 dogs with atopic der-
matitis at 6 and 24 hours with the 1:1,000 wt/vol con-
centration and in 10 of 20 at 6 and 24 hours with the
1:50,000 wt/vol concentration of allergen. There was
no difference in mean atopy index, mean visual ana-
logue scale of pruritus, or mean serum D farinae-spe-
cific IgE concentration of dogs with a late-phase
reaction, compared to dogs without a late-phase
reaction.
Conclusions and Clinical Relevance—Late-phase
reactions may be observed after an immediate reac-
tion to intradermal skin testing in healthy and aller-
gic dogs but are more commonly observed in dogs
with atopic dermatitis. (Am J Vet Res
2002;63:69–73)
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sensitivity to house dust mites on the basis of an immediate
reaction to D farinae at 1:50,000 wt/vol  concentration on rou-
tine IDT with a regional panel of 55 allergens. Sarcoptes scabeii
infestation was ruled out on the basis of history, clinical signs,
negative results of superficial skin scrapings, or lack of
response to appropriate treatment. A cutaneous adverse food
reaction was ruled out by lack of response to the feeding of
commercial or home-cooked elimination diets for a minimum
of 4 weeks (typically 8 weeks). Dogs with bacterial or
Malassezia pachydermatis infections of the skin were treated
until resolution of the infection prior to entry into the study.

Intradermal test—Routine withdrawal of anti-inflam-
matory drugs was performed for all dogs prior to IDT.19 The
test was performed by use of standard protocol on the left
lateral aspect of the thorax, and 0.05 ml of a positive control
solution (histaminea), negative control solution (saline
[0.9% NaCl] diluentb), and crude D farinaec at 1:1,000 wt/vol
and 1:50,000 wt/vol (wt/vol) were injected at separate sites.
During the course of the 24 hours of the study, the thorax
was lightly wrapped with bandaging tape,d and the dogs
wore a body suite to prevent trauma to the IDT sites. The
protective wrap and body suit were removed and replaced at
the time of assessment for LPR.

The IR was evaluated 15 minutes after allergen injec-
tion. Reactions were graded on a scale of 0 to 4 on the basis
of size of the erythema and wheal, where 4 was equivalent to
the positive control and 0 was equivalent to the negative con-
trol. Reactions larger than the positive control were graded as
5. Reactions scored as ≥ 2 were considered to be positive.

The LPR was evaluated 6 and 24 hours after allergen
injection. Reactions were graded on a scale of 0 to 4 on the
basis of the size and intensity of erythema (0 = no reaction, 1
= extremely mild erythema, 2 = mild erythema, 3 = moderate
erythema, 4 = severe erythema). Reactions graded as ≥ 1 were
considered positive and an indication of a LPR.

Atopy index—The clinical condition of the dogs with
AD was evaluated and an atopy index was obtained for each
dog, as follows:

Atopy index = clinical sign score + visual analog scale (X 1.8)

The extent and severity of skin lesions were docu-
mented as the clinical sign score. Five lesion types
(papules, alopecia, erythema, excoriations and crusts, and
hyperpigmentation, lichenification, and scaling) were
scored as 0 = absent, 1 = mild, 2 = moderate, and 3 = severe
for each lesion in each of 4 body sites typically involved in
canine AD (face, axilla, groin, and feet and distal portions
of the limbs). The same scoring scheme was used for eval-
uation of the ears and ear pinnae for lesions of alopecia,
erythema, hyperplasia, stenosis, and discharge. The maxi-
mum possible clinical sign score was 75 (5 body sites X 5
lesions X 3 maximum score).

Owners assessed the severity of pruritus during the 3
days prior to entry into the study on a visual analog scale of
0 to 10 in which 0 = no pruritus and 10 = constant pruritus.
The visual analog scale score was multiplied by 1.8 so that
the score for pruritus (maximum 18) accounted for approxi-
mately 20% of the atopy index, which is described for clini-
cal scoring systems in human medicine.20 The maximum pos-
sible atopy index score was 93.

Serum D farinae-specific IgE quantitation—A blood
sample was collected to obtain serum from each dog imme-
diately prior to IDT. Serum was submitted for quantitation of
IgE antibodies against D farinae by use of an ELISA in which
allergen-specific IgE is detected by use of a recombinant
truncated version of the human Fc-εα chain of the high affin-

ity IgE receptor.f The concentration of allergen-specific IgE
was reported in ELISA absorbance (EA) units.

Statistical analyses—Nonparametric statistical testing
(Mann-Whitney U test)g was used to determine whether dif-
ferences in atopy index, visual analog scale of pruritus, and
serum allergen-specific IgE concentrations between dogs
with AD with a LPR and dogs with AD without a LPR were
significantly (P < 0.05) different.

Results
The healthy group comprised 6 dogs with a mean

age of 4.9 years (range, 1 to 12 years). The AD group
comprised 20 dogs that met all inclusion criteria and
had a mean age of 3.9 years (range, 1.5 to 8 years).
Mean age at onset of clinical signs was 1.8 years (range,
3 months to 6 years), and mean duration of clinical
signs was 2.2 years (range, 4 months to 5.5 years). One
dog had a history of pruritic dermatitis of only 4
months’ duration at the time of entry into the study.
The nonseasonal nature of the dog’s skin disease was
confirmed 1 year later.

IR to D farinae—In the healthy group, 3 of 6 dogs
had an IR to D farinae at 1:1,000 wt/vol, and 2 of 6
dogs had an IR at the 1:50,000 wt/vol concentration
(Table 1). By definition for inclusion in the study, all
20 dogs in the AD group had an IR to D farinae at
1:50,000 wt/vol. All 20 dogs also had an IR at the
1:1,000 wt/vol concentration.

LPR to D farinae—Reactions detected 6 hours
after injection of allergen were characterized by vari-
able intensity and size of erythema. Induration was
noticed at sites of reactions, but it was subtle in most
instances. Evidence of edema was absent. There were
no reactions at the sites of the positive and negative
controls at the 6-hour evaluation.

In the healthy group, 2 of 6 dogs had a 6-hour LPR
to D farinae at 1:1,000 wt/vol concentration, and 1 of 6
dogs had positive results at 1:50,000 wt/vol (Table 1).
Late-phase reactions at 6 hours were only detected in
dogs with an IR, and no LPR was detected in the 3
healthy dogs that did not have an IR to D farinae.

In the AD group, 11 of 20 dogs had a 6-hour LPR
to D farinae at 1:1,000 wt/vol, and 10 of 20 dogs had
positive results at 1:50,000 wt/vol (Table 1). Three of
the 11 dogs with a 6-hour LPR at the 1:1,000 wt/vol
concentration had negative results at the 1:50,000
wt/vol concentration. Two of the 10 dogs with a 6-hour
LPR at the 1:50,000-wt/vol concentration had negative
results at the 1:1,000 wt/vol concentration of allergen.

Reactions at 24 hours were similar in appearance
to those described at the 6-hour time point. There
were no reactions at the sites of the positive and neg-
ative controls. In the healthy group, 1 of 6 dogs had a
24-hour LPR to D farinae at both allergen concentra-
tions; both were weak reactions (score, 1; Table 1).
This dog had a 6-hour LPR to the 1:1,000 wt/vol con-
centration of allergen, but not the 1:50,000 wt/vol
concentration.

In the AD group, 11 of 20 dogs had a 24-hour LPR
to D farinae at the 1:1,000 wt/vol concentration; 3 of
these 11 dogs had negative results at the 1:50,000
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wt/vol concentration, and 9 of 11 had a 6-hour LPR at
the 1:1,000 wt/vol concentration (Table 1).

In the AD group, 10 of 20 dogs had a 24-hour LPR
to D farinae at 1:50,000 wt/vol; 2 of these 10 dogs had
negative results at 1:1,000 wt/vol, and 6 of 10 had a 6-
hour LPR at 1:50,000 wt/vol (Table 1).

Atopy index—The atopy index of dogs in the AD
group ranged from 6.6 to 43.2 (mean, 21).  There was
no significant difference in the mean atopy index of
dogs with a LPR, compared with dogs without a LPR at
6 or 24 hours with either concentration of D farinae
(Table 2).

Pruritus—For dogs in the AD group, the owners’
assessment of pruritus during the 3 days prior to entry
into the study ranged from 1 to 9 (mean, 4.9). There
was no significant difference in mean visual analog
scale score for dogs with a LPR, compared with the
dogs without a LPR at 6 or 24 hours with either con-
centration of D farinae (Table 2).

Serum D farinae-specific IgE—The serum D fari-
nae-specific IgE in all 20 dogs with AD and in 5 of 6
healthy dogs ranged from 7 to 2,166 EA units of IgE
(mean, 489.4). Serum IgE concentrations were not
measured in 1 of the healthy dogs. There was no sig-
nificant difference in mean serum D farinae-specific
IgE concentration of dogs with AD that had a 
LPR, compared with dogs that did not have a LPR at
6 or 24 hours witheither concentration of 
D farinae (Table 2).

Discussion
In the study reported here, the prevalence of a LPR

in dogs with spontaneous AD was 11 of 20 at 6 and 24
hours after allergen injection with the 1:1,000 wt/vol
allergen concentration and 10 of 20 at 6 and 24 hours
with the 1:50,000 wt/vol allergen concentration. In the
healthy dogs, the prevalence of 6-hour LPR (2 of 6 at
1:1,000 wt/vol concentration and 1 of 6 at 1:50,000
wt/vol concentration) and 24-hour LPR (1 of 6 at each
concentration of allergen) was lower, compared to dogs
with AD.

Late-phase reactions have been reported in clini-
cally normal dogs artificially sensitized to allergen,12

clinically normal dogs that received intradermal injec-
tion with nonallergenic agents that may induce a
LPR,16-18 and dogs with spontaneous AD.14,18 In a study
of dogs artificially sensitized to ragweed, 4 of 5 dogs
had a macroscopically visible LPR 6 hours after aller-
gen injection.12 In a study of dogs with spontaneous
AD and D farinae hypersensitivity, 3 of 3 dogs had
histopathologic evidence of a LPR after allergen and
anti-IgE antibody injection, which peaked between 6
and 12 hours.18 In a study of 2 dogs with AD, histolog-
ic evidence of a LPR was reported 3 hours after aller-
gen injection.14 Compound 48/80 and anti-IgE anti-
bodies have been reported to induce histologic changes
consistent with the LPR between 6 and 30 hours after
intradermal injection in healthy dogs.16-18 It is interest-
ing to note that in 1 of the studies reporting reactivity
to compound 48/80,16 significant increases in skin-fold
thickness, compared with phosphate-buffered saline
solution, peaked at 15 to 30 minutes after intradermal
injection but largely dissipated by 6 hours.16 Thus,
despite histologic evidence of a LPR, no macroscopi-
cally visible reaction was documented. 
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Table 1—Late-phase reactions (LPR) to intradermal injection  of
Dermatophagoides farinae in 6 healthy dogs and 20 dogs with
house dust mite-induced atopic dermatitis (AD)

Healthy dogs Dogs with AD
Time of LPR evaluation (No. of dogs) (No. of dogs) 

6 hours
D farinae 1:1,000 wt/vol   

IDT score   
0 4 9 
1 0 3 
2 1 5 
3 0 0 
4 1 3 

D farinae 1:50,000 wt/vol   
IDT Score   

0 5 10 
1 0 5 
2 1 3 
3 0 1 
4 0 1 

24 hours   
D farinae 1:1,000 wt/vol   

IDT Score   
0 5 9 
1 1 2 
2 0 5 
3 0 0 
4 0 4 

D farinae 1:50,000 wt/vol
IDT Score   

0 5 10 
1 1 3 
2 0 3 
3 0 1 
4 0 3 

IDT = Intradermal test.

Table 2—Comparison of clinical signs (atopy index), level of pruri-
tus (visual analogue scale; VAS) and serum D farinae-specific IgE
concentrations in 20 dogs with atopic dermatitis, with and with-
out LPR 6 and 24 hours after intradermal injection of D farinae

Variable Positive LPR Negative LPR P value 

Mean atopy index    
6 hours 

D farinae 1:1,000 wt/vol 22.3 19.5 0.71 
D farinae 1:50,000 wt/vol 19.8 22.3 0.53 

24 hours 
D farinae 1:1,000 wt/vol 23.3 18.3 0.34 
D farinae 1:50,000 wt/vol 22.8 19.2 0.63 

Mean VAS     
6 hours    

D farinae 1:1,000 wt/vol 4.6 5.2 0.63 
D farinae 1:50,000 wt/vol 4.3 5.5 0.35 

24 hours    
D farinae 1:1,000 wt/vol 4.9 4.8 0.97 
D farinae 1:50,000 wt/vol 5.3 4.5 0.58 

Mean IgE concentrations*    
6 hours    

D farinae 1:1,000 wt/vol 523.5 423.4 0.76 
D farinae 1:50,000 wt/vol 427.6 529.4 0.63 

24 hours    
D farinae 1:1,000 wt/vol 680.5 231 0.34 
D farinae 1:50,000 wt/vol 530.3 426.7 0.91 

*Reported in ELISA absorbance units.
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In contrast, in 2 studies13,15 where observations for
a macroscopically visible LPR were made, no such
reaction was recorded in any dogs. In 1 study, 0 of 29
dogs without allergy and 0 of 24 dogs with clinical
signs of allergy had a LPR at 4, 24, or 48 hours in
response to storage mite extract, despite the presence
of an IR to storage mites in 4 of 29 healthy dogs and 18
of 24 dogs with allergy.13 Similarly, in the other study, 0
of 24 healthy Beagles had a LPR to D farinae at 48
hours, despite an IR in 11 of 24 (46%) of these dogs. 

In humans, the prevalence of LPR after allergen
injection approaches 100% as the allergen dose
increases.1 In a study involving 20 subjects with atopic
rhinitis, development of a macroscopic cutaneous LPR
required a 150X higher dose of allergen than that
required for an IR.5 These investigators concluded that
all atopic individuals are capable of mounting a LPR if
challenged with sufficient allergen. In our study, there
was no significant difference in the prevalence of the
LPR at either time point between the 2 doses of aller-
gen, despite a 50-fold difference in allergen dose. It is
possible that an even higher concentration of D farinae
than the 1:1,000 wt/vol concentration used in our
study, or microscopic evaluation of IDT sites may be
needed to reveal increased prevalence of LPR above
that observed with allergen at the 1:50,000 wt/vol con-
centration. It is interesting, however, that the mean
score of the 25 recorded LPR (all dogs at 6 and 24
hours) with the 1:1,000 wt/vol concentration of D fari-
nae was 2.4, compared with the mean score of the 22
recorded LPR (all dogs at 6 and 24 hours) with the
1:50,000 wt/vol concentration of 2.0. In addition, 8 of
25 (32%) LPR with the 1:1,000 wt/vol concentration of
allergen had a score of 4, compared with 4 of 22 (18%)
LPR with the 1:50,000 wt/vol concentration. These
findings are suggestive of stronger and more intense
reactions with the higher allergen concentration.

Higher concentrations of allergen have been cited
as a cause for irritant-induced false-positive reactions
on IDT.19,21 We believe that the 1:1,000 wt/vol concen-
tration of allergen extract used in our study was
unlikely to have acted as an irritant, because 3 of 6
healthy dogs had no reaction at any time point at this
concentration, and 2 of 6 healthy dogs that had a reac-
tion at this concentration of allergen also had a reac-
tion to the 1:50,000 wt/vol concentration of allergen,
indicating true hypersensitivity. In addition, in a recent
study18 it was also reported that 3 of 3 clinically normal
adult research Beagles had no IR with IDT with D fari-
nae allergen at 1:1,000 wt/vol concentration.18

In humans, individuals who have a LPR are gen-
erally believed to have a higher degree of allergen
hypersensitivity, compared with individuals who only
have an IR to allergen.7 In our study, there was no sig-
nificant difference in the mean clinical score atopy
index, mean level of pruritus (VAS), or mean serum D
farinae-specific IgE concentrations between dogs with
AD and a LPR and dogs with AD and no LPR at either
time point with either concentration of allergen. Thus,
neither dogs with more severe disease nor dogs with
higher allergen sensitivity were more likely to have a
LPR in our study.

The results of our study raise the question of the

clinical relevance of the LPR in dogs with allergen
hypersensitivity. Results of studies in humans indicate
that the macroscopic, histologic, and immunologic
changes evident in the LPR are similar to those seen in
chronic allergic inflammatory lesions, and the LPR has
thus been proposed as a superior model of chronic
atopic disease, compared with the IR.8-10 Results of early
studies12,14 of the histologic features of the LPR in dogs
and a more recent study18 of the cellular infiltrate indi-
cate that the LPR in dogs follows a pattern similar to
that seen in human skin. In humans and dogs, these
changes can be induced in clinically allergic patients
after IDT with allergen but also in clinically normal
patients after anti-IgE antibody injection,3,17,18 indicating
that the LPR is not necessarily a phenomenon restrict-
ed to patients with allergic disease. We confirmed in the
study reported here that clinically normal dogs with 
D farinae hypersensitivity can also mount a LPR that is
visible at 6 and 24 hours after allergen injection. Thus,
we are unable to speculate on the clinical importance of
a macroscopically visible LPR. However, it is of interest
that only 1 healthy dog had a 24-hour LPR, and this
reaction was a weak reaction (grade 1 at both allergen
concentrations). In contrast, 21 of 40 (53%) possible
LPR at 24 hours in the dogs with AD did occur, and the
mean score for these reactions was 2.5. Of these 21
LPR, 16 (76%) were scored 2 or higher. Thus, moderate
to strong LPR at 24 hours may be suggestive of clinical-
ly relevant hypersensitivity. 

Isolated LPR have been observed in humans after
a skin test did not elicit an IR,1 but the cause and
importance of such reactions is unclear. Because all of
the dogs with AD in our study had an IR, we are unable
to speculate on the cause or importance of such isolat-
ed reactions in dogs.

The LPR in humans is reported to be an IgE-
dependent phenomenon.1-3 The observation that 3
healthy dogs in our study that did not have D farinae
hypersensitivity (no IR and low serum IgE concentra-
tions) and did not have a LPR supports this hypothesis
in dogs. The presence of an IR to D farinae in 3 healthy
dogs in our study confirmed the reported occurrence
of subclinical hypersensitivity to this dust mite,15,22,23

and we also detected a LPR in 2 of these dogs.
In most of the dogs in our study, a 6-hour LPR was

followed by a LPR at 24 hours. In addition, most 24-
hour LPR were preceded by a 6-hour LPR. Isolated LPR
were observed at both times, and we speculate that this
is a reflection of the complex nature of allergic respons-
es in which allergen sensitivity, effector cell reactivity,
and end-organ responsiveness to mediators are impor-
tant variables in each animal and determine the pres-
ence and strength of a reaction.

Macroscopically visible LPR were seen. Reactions
seen at 6 and 24 hours were characterized by erythe-
ma, which varied from mild and barely detectable to
large areas of intense redness. The LPR also had vari-
ous degrees of induration, although this feature was
not as obvious as the erythema. Edema, which is a fea-
ture of the IR to IDT,21,24 was notably absent. These
findings are in agreement with reported descriptions
of the macroscopic appearance of the LPR in dogs.12,18

In those studies, as in ours, the diffuse edema report-
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ed with the LPR in humans2 was absent. Changes in
skin-fold thickness have been reported at sites of the
LPR in dogs.16,18 In 1 study16 the visible lesion is not
described, whereas in another study18 the lesions are
described as erythematous patches (which by defini-
tion are not raised above the surrounding normal
skin) with a 1- to 2-mm increase in skin-fold thickness
measured with calipers.

The LPR is purported to be a good model of chron-
ic allergic disease. As such, the observation of pruritus
(a hallmark of AD) at the site of the LPR would further
support this belief. We were unable to observe the dogs
for pruritus, because they wore body suits during the
study. It has been reported that self-trauma may be a
cause for false-positive IR after IDT.21

The potential clinical importance of the LPR and
whether the observation of a LPR in patients undergo-
ing IDT is of any further benefit in the diagnosis of spe-
cific allergen hypersensitivity in dogs with AD are
presently unknown.

aHistatrol, Center Labs, Port Washington, NY.
b07030 Sterile diluent for allergenic extracts, Greer Laboratories,

Lenoir, NC.
cB51 Dermatophagoides farinae, Greer Laboratories, Lenoir, NC.
dVetrap, 3M Animal Care Products, St Paul, Minn.
eDog torso sling suit, Alice King Chatham Medical Arts, Hawthorne,

Calif.
fAllercept ELISA, Heska Corp, Ft Collins, Colo.
gSAS statistical software, version 6.12, SAS Institute Inc, Cary, NC.
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