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Abstract : This study was undertaken to identify differences between atopic and non-atopic dogs in three rapid screening
immunodot assays as well as the ability of the assays to predict the results of intradermal skin testing (IDST) or Favrot
diagnostic criteria (FDC). Twenty-nine dogs diagnosed with canine atopic dermatitis (CAD) were selected as the atopic
group. Twenty-five dogs without CAD were included as the non-atopic group. Three types of immunodot assays were
conducted on all serum samples from both groups: Allercept E-screen 2nd generation (ES2G), Canine Allergic Tendency
Reference Test (ALERT), and Asan Easy Test Canine IgE (AETC). IDST, which included 39 allergens, and immunodot
assays were performed concurrently in 13 dogs from the atopic group and compared. While there were no significant
differences in positivity between the two groups in the evaluation of ALERT (P = 0.435) and AETC (P = 0.313),
positivity in ES2G testing was significantly higher in the non-atopic group than the atopic group (P = 0.038). The
ES2G, ALERT, and AETC results showed fair (κ = 0.235), slight (κ = 0.133), and slight (κ = 0.014) accordance with
IDST, respectively. The outcomes of ES2G, ALERT, and AETC indicated poor (κ = −0.211), slight (κ = 0.106), and
slight (κ = 0.087) agreement with FDC. In conclusion, rapid screening immunodot assays were not useful for the
diagnosis of CAD. These assays may provide a supplementary method for predicting the results of IDST in atopic dogs.
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Introduction

Canine atopic dermatitis (CAD) is defined as a genetically

predisposed pruritic and inflammatory dermatitis with char-

acteristic clinical features that include immunoglobulin E

(IgE) antibodies against environmental allergens (15). Dogs

with atopic-like dermatitis (ALD) have clinical signs of

atopic dermatitis but no specific IgE antibodies (6). The diag-

nosis of CAD depends on the fulfillment of associated clinical

criteria along with a ruling out of other pruritic dermatoses.

Among several sets of diagnostic criteria, the Favrot diagnos-

tic criteria (FDC) is a tool that has recently emerged in veter-

inary medicine (3,14).

A diagnosis of CAD may be confirmed by demonstration

of the presence of allergen-specific IgE using in vivo or in

vitro tests (4), of which intradermal skin testing (IDST) is

considered the ‘gold standard’ method. However, skin reac-

tivity in IDST may be affected by the age of the patient, sea-

son of testing, and administration of anti-allergic drugs.

Additionally, it requires sedation and large shaving areas (9). 

IgE serum testing (IST) is another method for confirming

allergen-specific antibodies from canine serum samples that

offers quantitative results, no requirement for sedation, and

applicability in patients with widespread cutaneous inflam-

mation. However, its disadvantages include frequent false-

positive results, variable reliability and reproducibility, and

low sensitivity (1,17). The possible replacement of IST by

IDST is controversial (4,17,18).

Recently, inexpensive immunodot assays for IgE screen-

ing have been developed. The Allercept E-screen 2nd gener-

ation (ES2G) has been beneficial for predicting the results of

IDST or IST, but is not useful for the diagnosis of CAD

(2,12,16). The Canine Allergic Tendency Reference Test

(ALERT) and Asan Easy Test Canine IgE (AETC) have been

used in Korea. Their usefulness for diagnosing CAD and

detecting IgE antibodies has not yet been evaluated. There-

fore, the purpose of this study was twofold: 1) identify any

differences between atopic and non-atopic dogs in the results

of three rapid screening immunodot assays; and 2) evaluate

the ability of these immunodot assays to predict the results of

IDST or FDC.

Materials and Methods

Case selection

A total of 54 dogs who presented to Veterinary Medical

Center, Chungbuk National University between February

2013 and June 2015 were included in this study and divided

into two groups: atopic (n = 29) and non-atopic (n = 25).

Serum samples were collected for the diagnostic procedures,

and then stored at −80oC. CAD was diagnosed in part based

on fulfillment of at least five items from a total of eight items

of the FDC: 1) onset of signs under 3 years of age; 2) dog

living mostly indoors; 3) glucocorticoid-responsive pruritus;

4) pruritus without lesions at onset; 5) affected front feet; 6)

affected ear pinnae; 7) nonaffected ear margins; and 8) non-

affected dorso-lumbar area. The CAD diagnosis was con-
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firmed by ruling out other possible pruritic causes such as

microbial and fungal infection, parasite burdens, adverse

food reactions, and endocrine diseases (3,14). The non-atopic

group included dogs that were free of CAD as well as other

dermatologic problems.

Intradermal skin testing

Of the 29 dogs in the atopic group, 13 were evaluated by

IDST with 39 allergens (Greer Labs Inc., Lenoir, NC, USA),

according to current guidelines (9,10,12). Drugs that may

adversely affect the results of IDST, which include glucocor-

ticoids and anti-histamines, were not administered for at least

4 weeks prior to IDST. The dogs were sedated with an intra-

venous injection of medetomidine (10 μg/kg) (Domitor; Pfizer,

Seoul, Korea). The hair coat of the lateral thorax was gently

shaved with a clipper without prior scrubbing or washing.

Each test site was marked with a waterproof marker. Approx-

imately 0.05 mL of each allergen extract was injected intrad-

ermally using an insulin syringe (BD Ultra-Fine; Becton,

Dickinson and Company, Seoul, Korea). The negative and

positive controls were 0.9% phosphate-buffered saline and

histamine phosphate (Histatrol; Alk Abello, Port Washing-

ton, NY, USA), respectively. The allergic reactions were eval-

uated at 15 min after injection and scored from 0 to 4 based

on the measurements of diameter or area of erythema or

wheal. Zero was equivalent to the reaction of the negative

control and 4 was equivalent to that of the positive control.

Any reaction of 2 or stronger was classified as positive. After

finishing the procedure, sedation was reversed with atipame-

zole (10 μg/kg) (Antisedan; Pfizer, Seoul, Korea).

Rapid screening immunodot assays

Serum samples from all 54 study dogs were collected after

centrifugation of blood at 3500 rpm for 5 min and then

stored at −80oC until examination by rapid screening immun-

odot assays. Prior to testing, samples and reagents for ES2G

(Heska, Fribourg, Switzerland), ALERT (Excelsior Bio-Sys-

tem, Taipei, Taiwan), and AETC (Asan Pharmaceutical, Seoul,

Korea) were thawed to room temperature. A color formation

on the control spot or line in each immunodot assay indi-

cated a valid test. Any visible colored test spot was consid-

ered a positive result in all three kits; therefore, none of the

tests was quantitative.

ES2G testing

ES2G detects allergen-specific IgE antibodies. Four sepa-

rate spots on the ES2G membrane displayed three allergen

groups containing a proprietary mixture of individual aller-

gens (trees, grasses/weeds, and indoor) and a control spot

containing purified IgE. Reagents were sequentially added to

the test wells as follows: test serum, biotinylated detection

reagent (FcεR1a), streptavidin-alkaline phosphatase, and color

development reagent; additionally, the wells were washed

with a buffer solution between each step. Color development

of any test spot in addition to the control spot was consid-

ered positive confirmation of the presence of one or more

detectable allergen-specific IgEs against the allergen group in

the serum. If only the control spot showed a color change

within 120 sec of the test completion, the result was consid-

ered negative.

Canine ALERT testing

ALERT combines immunoassay techniques and chroma-

tography principles by fixing the highly specific anti-canine-

IgE antibody onto a target test line and using colloidal gold

nano particles to indicate detectable total IgE in the patient’s

serum. Initially, 0.5 mL running buffer solution was mixed

with a 10 μL serum sample in a microtube by vortexing. After

laying the reaction cassette flat, four drops of mixed sample

were added onto the sampling area of the strip using a drop-

per. When a red line was observed in both the control and

test areas within 10 to 15 min, the result was considered pos-

itive confirmation of total IgE > the defined cut-off concen-

tration (10 μg/mL). If a red line appeared only in the control

area, the result was considered negative.

AETC IgE testing

AETC is another chromatographic immunoassay kit for the

detection of total canine IgE in serum. A nitrocellulose mem-

brane was immobilized with anti-dog IgE polyclonal antibody

in the test line and anti-mouse IgG monoclonal antibody as a

control line. Firstly, 10 μL serum was added to a capillary

tube containing assay buffer that was provided in the kit, and

the mixture gently stirred. After placing the test device hori-

zontal, four drops of mixed specimen was added in to the test

device using the disposable dropper and the results were

interpreted within 15-20 min. In cases of a positive reaction,

anti-dog IgE monoclonal antibody conjugated to colloidal

gold particles reacted with canine IgE in the serum, forming

a red or purple test line. If a red or purple line appeared only

in the control line, the result was considered negative.

Statistical analysis

Positive rapid screening immunodot assay results were

compared between the two groups using a chi-square test.

Sensitivity, specificity, positive predictive value, negative pre-

dictive value, and the κ (kappa) coefficient were calculated

to evaluate the agreement between IDST or FDC and immu-

nodot assays (Microsoft Excel 2013; Microsoft, USA). The κ

values were interpreted as follows: > 0.80, almost perfect;

0.61-0.80, substantial; 0.41-0.60, moderate; 0.21-0.40, fair;

0.01-0.20, slight; and ≤ 0, less than chance (11).

Results

Differences in immunodot assays between atopic and

non-atopic dogs

Serum samples from all dogs in the two study groups were

evaluated by three types of immunodot assays (Table 1). No

significant difference in positivity was found between atopic

and non-atopic dogs using the ALERT (P = 0.435) and AETC

(P = 0.313) kits. The ES2G test revealed significantly higher

positivity in the non-atopic group compared with the atopic

group (P = 0.038).

Agreement between rapid screening immunodot assays

and IDST or FDC

IDST and immunodot assays were performed concurrently
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in 13 dogs from the atopic group (Table 2). The highest sen-

sitivity (66.7%) was shown in the ES2G test and the lowest

sensitivity (8.3%) in the AETC. Interestingly, the specificity

and positive predictive values were 100% in all three types of

immunodot assays, whereas negative predictive values ranged

from 8.3% to 20%. The agreement between IDST results and

those for ES2G, ALERT, and AETC were fair (κ = 0.235),

slight (κ = 0.133), and slight (κ = 0.014), respectively.

The results of a comparison between immunodot assays

and FDC in 54 dogs from both groups are presented in Table

3. The highest sensitivity was observed in ES2G (75.9%),

whereas AETC had the highest specificity (92.0%). The high-

est positive predictive value was shown in AETC (71.4%),

followed by ALERT (58.6%), and ES2G (47.8%). Negative

predictive values ranged from 12.5% to 52.0%. The outcomes

of ES2G, ALERT, and AETC indicated poor (κ = −0.211),

slight (κ = 0.106), and slight (κ = 0.087) agreement with

FDC, respectively.

Discussion

This study demonstrated that the presence of serum IgE in

three rapid screening immunodot assays would not be suffi-

cient for diagnosis of CAD. While these immunodot assays

presented a low rate of agreement with FDC, they had a fair

to slight degree of agreement with IDST.

The results of ALERT and AETC were not significantly

different between atopic and non-atopic dogs. Although a

significant difference in the results of ES2G was observed

between the two groups, ES2G testing was insufficient for

the diagnosis of CAD due to the higher rate of positivity in

the non-atopic group. Therefore, this combination of three

immunodot assays would not be valuable as a screening test

for the diagnosis of CAD. Similarly, previous studies showed

that there was no significant difference in total IgE concen-

tration between healthy and atopic dogs (7,8), and a higher

rate of positivity of IST in normal dogs (16). Recently, a high

IgE level has been regarded as an outcome rather than a

cause of AD in both humans and dogs (13).

In this study, the ES2G results were in fair agreement with

IDST, whereas the ALERT and AETC had only a slight

accordance with IDST. A previous study in the United States

showed a moderate agreement between IDST and ES2G

(16). Generally, the prevalence of tree, grass and weed pol-

len allergens is higher in the United States compared with

Korea (10,19). Although the exact cause is unknown, differ-

ences in allergens and the study population may have had an

influence on the relatively lower level of agreement between

IDST and ES2G in this study. 

All three types of immunodot assays in this study had high

positive and low negative predictive values for the findings

of IDST. Therefore, a positive initial reaction in the ES2G,

ALERT, or AETC, but not a negative reaction on these

immunodot assays, may provide cause to perform subse-

quent IDST.

The outcomes of ES2G, ALERT, and AETC appeared to

have poor, slight and slight agreement with those of FDC,

respectively. These lower levels of agreement indicate that

immunodot assays are insufficient to predict the results of

FDC.

In the present study, there were several limitations for gen-

eralizing the findings. Firstly, frozen-stored serum were used

for the examination and analysis. Although immunodot assays

have previously been shown to detect IgE, as well as IgG,

Table 1. Results of three rapid screening immunodot assays in
the two study groups

Group
Positive Number 

of dogs (%)

Negative Number 

of dogs (%)

Non-atopic

(n = 25)

ES2G 24 (96.0)* 1 (4.0)

ALERT 12 (48.0) 13 (52.0)

AETC 2 (8.0) 23 (92.0)

Atopic

(n = 29)

ES2G 22 (75.9) 7 (24.1)

ALERT 17 (58.6) 12 (41.4)

AETC 5 (17.2) 24 (82.7)

*P < 0.05 (chi-square test).
ES2G = Allercept E-screen 2nd generation; ALERT = Canine Aller-
gic Tendency Reference Test; AETC = Asan Easy Test Canine IgE.

Table 2. Comparison of IDST and three immunodot assays in
13 atopic group dogs

Statistical values ES2G ALERT AETC

Sensitivity 66.7% 50.0% 8.3%

Specificity 100.0% 100.0% 100%

Positive predictive value 100.0% 100.0% 100%

Negative predictive value 20.0% 14.3% 8.3%

Observed agreement (OA) 69.2% 53.8% 15.4%

Chance agreement (CA) 59.8% 46.7% 14.2%

Kappa = (OA −CA)/(1 −CA)* 0.235 0.133 0.014

Agreement interpretation Fair Slight Slight

*Kappa coefficient: ≤ 0 = poor; 0.01-0.20 = slight; 0.21-0.4 = fair;
0.41-0.60 = moderate; 0.61-0.80 = substantial; 0.81-1.00 = almost
perfect agreement. IDST = intradermal skin testing; ES2G = Aller-
cept E-screen 2nd generation; ALERT = Canine Allergic Tendency
Reference Test; AETC = Asan Easy Test Canine IgE.

Table 3. Comparison of FDC and three immunodot assays in 54
dogs from the atopic group and compared

Statistical values ES2G ALERT AETC

Sensitivity 75.9% 58.6% 17.2%

Specificity 4.0% 52.0% 92.0%

Positive predictive value 47.8% 58.6% 71.4%

Negative predictive value 12.5% 52.0% 48.9%

Observed agreement (OA) 42.6% 55.6% 51.8%

Chance agreement (CA) 52.6% 50.3% 47.3%

Kappa = (OA −CA)/(1 −CA)* −0.211 0.106 0.087

Agreement interpretation Poor Slight Slight

*Kappa coefficient: ≤0 = poor; 0.01-0.20 = slight; 0.21-0.4 = fair;
0.41-0.60 = moderate; 0.61-0.80 = substantial; 0.81-1.00 = almost
perfect agreement. FDC = Favrot diagnostic criteria; ES2G = Allercept
E-screen 2nd generation; ALERT = Canine Allergic Tendency Re-
ference Test; AETC = Asan Easy Test Canine IgE
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IgM, and IgA from frozen serum in dogs (5,16), the poten-

tial influence of freezing on the experimental results is

unknown. In addition, frozen feline serum was used to detect

IgE at fewer than 20 years after the initiation of storing (2).

The other limitation was the small sample size relative to

previous studies (2,4,16,18).

In conclusion, a combination of rapid screening immun-

odot assays was not useful for the diagnosis of CAD. These

assays may provide a supplementary method for predicting

the results of IDST in atopic dogs.
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