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Increased proportions of CCR4+ cells among peripheral blood CD4+ cells and serum 
levels of allergen-specific IgE antibody in canine chronic rhinitis and bronchitis
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ABSTRACT. Canine chronic rhinitis (CR) and bronchitis (CB) are suspected to be allergic diseases. The present study tested whether dogs 
diagnosed with CR or CB present an atopic predisposition based on the ratio of CC chemokine receptor 4 (CCR4)-positive cells among 
peripheral blood CD4-positive cells (CCR4/CD4) and the serum levels of allergen-specific IgE antibodies. We found that most dogs with 
CR and CB have a possibility of atopic predisposition, and macrolide therapy constitutes an alternative to corticosteroid therapy in control-
ling the clinical signs.
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In human medicine, the concept of “Atopic March” was 
proposed to describe the progression of disorders underlying 
an atopic predisposition, from atopic dermatitis in infants 
to allergic rhinitis and asthma in children and adults [22]. 
Based on the definition of atopy [12], an atopic predisposi-
tion identifies individuals who had allergic symptoms in the 
past, currently have allergic symptoms or may have allergic 
symptoms in the future, but not necessarily with increased 
serum IgE antibody levels. An atopic predisposition is a very 
important concept in human respiratory medicine to distin-
guish an atopic cough, which manifests as hypersensitivity 
to cough receptors and no response to bronchodilators, from 
a cough variant asthma, which manifests as airway hyper-
reactivity well controlled with bronchodilators [7, 8]. There 
is little evidence that atopic cough and cough variant asthma 
occur in dogs. To our knowledge, only one case of canine 
reactive bronchopneumopathy has been reported, with his-
tological features similar to those of asthmatic humans and 
felines [3].

Canine chronic rhinitis (CR) and bronchitis (CB) are also 
suspected to be allergic diseases, and their clinical signs 
of nasal water discharge, sneezing and cough may become 
incurable and intractable diseases due to an atopic predispo-
sition [5, 14, 25]. However, it is usually difficult to diagnose 
allergic and atopic predispositions in dogs with naturally 
occurring CR and CB. There is only one report showing that 
three dogs with CR had specific IgE antibody for house dust 

mite. In dogs with dermatitis, CD4-positive T lymphocyte 
levels are increased in atopic skin lesions compared with that 
in normal skin [18]. The ratio of CC chemokine receptor 4 
(CCR4)-positive cells among peripheral blood CD4-positive 
cells (CCR4/CD4) was higher in dogs with experimentally-
induced atopic dermatitis than in healthy dogs [16, 26]. 
This high ratio of CCR4/CD4 cells indicates an increased 
production of the thymus and activation-regulated chemo-
kine (TARC), whose levels correlate with disease severity in 
human atopic dermatitis and are decreased by corticosteroid 
therapy [24]. In addition, TARC is likely to be produced 
by monocytes and dendritic cells and may facilitate the 
recruitment, activation and development of T helper type 2 
(Th2)-polarized cells expressing CCR4, suggesting a role for 
TARC in Th2 responses [11]. Thus, recent screening tests 
to diagnose and treat canine atopic dermatitis combine the 
serum levels of IgE antibody and the ratio of CCR4/CD4 
cells, because both measurements can be done in a veteri-
nary diagnostic laboratory.

In this study, dogs with CR or CB were tested for the ratio 
of CCR4/CD4 cells and serum levels of allergen-specific IgE 
antibody to determine whether they have an atopic predis-
position.

MATERIALS AND METHODS

Animals: This study included 46 dogs separated into the 
CR group (n=27) and the CB group (n=19). The mean age 
was 7 years for dogs with CR (range: 2–14 years) as well 
as for dogs with CB (range: 3–15 years). These dogs were 
referred to the Animal Medical Center of Nihon University 
from April 2009 to December 2012 for diagnostic purposes 
and consultations on long-term therapy for nasal discharge or 
chronic cough. The common breeds were Miniature Dachs-
hund (n=8), Shiba (n=3), Toy Poodle (n=3), Shih Tzu (n=2), 
Pembroke Welsh Corgi (n=2), Pomeranian (n=2) and Mal-
tese (n=2). The dogs did not have dermatitis, digestive com-
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plications (i.e., vomiting or diarrhea) and the corticosteroid 
therapy. The diagnosis of CR was confirmed by computed 
tomography (CT) to rule out nasal tumors, lymphoplasmatic 
infiltration with or without neutrophils in nasal lavage and 
biopsy, and fungal infections, such as the aspergillosis. All 
biopsies were re-evaluated by NORTH LAB Inc. (Sapporo, 
Japan). The diagnosis of CB was confirmed by CT to rule 
out pneumonia and tumors, by slightly increased numbers of 
total cells, macrophages and neutrophils in bronchoalveolar 
lavage collected by bronchoscopy. Table 1 presents a sum-
mary of the diagnostic criteria of CR and CB.

Sample collection and analysis: Blood samples were col-
lected from the jugular vein and stored immediately at 4°C 
until analysis. The proportions of CCR4/CD4 cells were de-
termined by flow cytometry using an Alexa 647-conjugated 
anti-canine CD4 antibody (Serotec, Oxford, U.K.) and R-
phycoerythrin (PE)-conjugated anti-human CCR4 antibody 
(BD Biosciences, San Jose, CA, U.S.A.), as previously 
reported [16, 26]. These determinations were made by Ani-
mal Allergy Clinical Laboratories, Inc. (Sagamihara, Japan). 
Serum levels of each antigen-specific IgE antibody were 
measured by fluorometric enzyme-linked immunosorbent 
assay, as previously described [6, 17]. Briefly, microwells 
were coated with 100 ml of 1 ml/ml allergens, including ar-
thropods (Dermatophagoides pteronyssinus, D. farina, fleas, 
mosquitoes and cockroaches), pollens (mugwort, ragweed, 
goldenrod, dandelion, daisy, orchard, sweet vernal, timothy, 
rye, Bermuda grass, Japanese cedar, birch and alder), molds 
(Aspergillus fumigatus, Alternaria alternaria, Cladosporium 
herbarum and Penicillium notatum), meat and dairies (beef, 
pork, chicken, egg white, egg yolk, milk, lamb, turkey and 
duck), fish (salmon, codfish, catfish and capelin) and veg-
etables and grain (wheat, soybean, corn, potato and rice). 
The wells were blocked with 1% gelatin phosphate buffered 
saline (PBS) for 2 hr at room temperature and then washed 
with phosphate buffered saline with Tween 20 (PBST). Sera 
were diluted 1:1,000, and 100 ml was applied to each mi-
crowell. After incubating overnight at 4°C, the wells were 
washed, and 100 ml of biotinylated CRE-DM was used as an 
anti-canine IgE monoclonal antibody. The serum levels of 
each antigen-specific IgE antibody were calculated using a 
standard curve. These determinations were made by Animal 
Allergy Clinical Laboratories, Inc. Sensitization was defined 
by antigen-specific IgE concentrations >100 ng/ml [6].

Treatment protocol: All dogs were treated according to 
our therapeutic guidelines for CR and CB. When a diagnosis 
of CR or CB was made, macrolide therapy was initiated 
with azithromycin (5 mg/kg, SID) for the first 2 weeks. If 
macrolide therapy failed to control the clinical signs, an 
anti-allergic therapy was initiated, with montelukast (0.1 
mg/kg, SID) [2] and ozagrel (5–10 mg/kg, BID) [9], for the 
second 2 weeks. If this anti-allergic therapy failed to control 
the clinical signs, corticosteroid therapy was provided with 
prednisolone (0.5 mg/kg, BID) for the third 2 weeks. The 
definitive therapy for each dog was based on the treatment 
responses.

Statistical analysis: All data were expressed as mean ± 
standard deviation (SD). The mean ratios of CCR4/CD4 
cells in dogs with CR and CB were compared with the mean 
value (21.2 ± 3.4%) obtained for five healthy 7-year-old 
dogs of similar breeds [26], which value is not statistically 
different in 39 client-owned healthy dogs (19.1 ± 6.9%) 
[19]. The analysis was conducted by unpaired t-test after 
a Shapiro–Wilks test of normality. P<0.05 was considered 
statistically significant. All analyses were performed with 
SigmaPlot for Windows, vers12.0 (SYSTAT SOFTWARE, 
San Jose, CA, U.S.A.).

RESULTS

The ratios of CCR4/CD4 cells were 31.9 ± 8.4% for dogs 
with CR and 30.2 ± 6.8% for dogs with CB. Both values 
were significantly higher than the average value previously 
reported for 7-year-old healthy dogs (21.2 ± 3.4%) [26]. In 
addition, ratios of CCR4/CD4 cells>28.0% were detected in 
77% (20/27) of the dogs with CR and in 63% (12/19) of the 
dogs with CB, which was the upper limit of the range found 
in healthy dogs (mean ± 2SD) (Fig. 1).

The sensitization rates for a single allergen were 77% 
(20/27) and 79% (15/19) for dogs with CR and CB, re-
spectively. In addition, multi-sensitization rates were 
80% (16/20) and 67% (10/15) for dogs with CR and CB, 
respectively. Figure 2 compares the sensitization rates of 
each allergen compiled in each group. Over 25% of the dogs 
with CR were sensitized for Penicillium notatum [median: 
150, range: 102–317 ng/ml], beef [128, 104–335 ng/ml] and 
soybean [165, 112–226 ng/ml]. In contrast, over 25% of 
the dogs with CB were sensitized for Aspergillus fumigatus 

Table 1. Diagnostic criteria for canine chronic rhinitis (CR) and bronchitis (CB)

CR: 1) Nasal water discharge and/or sneezing for over one month, with normal complete blood counts and no skin or gastrointestinal disease.
2) Swelling and enlargement of nasal membrane, and no tumor, foreign body or parasite in the nasal cavities by computed tomography 

(CT) and rhinoscopy.
3) Lymphocytic- and/or plasmacytic-dominant inflammation in biopsies of nasal mucosa.

CB:   1) Productive cough for over one month, with normal complete blood counts and no skin or gastrointestinal disease.
2) Thickening of bronchial wall on chest radiography and CT imaging.
3) Exclusion parameters: cardiac diseases and any other respiratory diseases of the nose or pharyngeal, laryngeal, tracheal and lung 

parenchyma determined by chest radiography, CT imaging and endoscopic examination.
4) Elevated total cell number with macrophage dominance or normal total cell number with neutrophil dominance, in bronchoalveolar 

lavage fluid.
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[149, 127–452 ng/ml], Alternaria alternaria [134, 102–311 
ng/ml], Penicillium notatum [122, 115–424 ng/ml], beef 
[249, 123–1054 ng/ml] and rice [142, 118–306 ng/ml].

Seven dogs with CR and one dog with CB were excluded 
from the treatment course for financial reasons and time 
constraints faced by the owners. The remaining dogs with 
high ratios of CCR4/CD4 cells (>28.0%) or sensitized levels 

of specific-antigen IgE (>100 ng/ml) received macrolide 
therapy (59% vs 50%), anti-allergic therapy (24% vs 13%) 
or corticosteroid therapy (18% vs 38%; Fig. 3). Macrolide 
therapy reduced clinical signs in 50% of the 36 dogs with 
CR and CB (Fig. 3).

DISCUSSION

It has been reported that serum TARC levels increase in 
eosinophilic inflammatory nasal and respiratory diseases, 
such as allergic rhinitis and asthma [15, 23]. In addition, the 
number of CCR4-positive lymphocytes also increases in air-
way epithelial cells of human patients with allergic CR and 
asthma, but not in those with non-allergic rhinitis and other 
lung diseases, such as chronic obstructive pulmonary disease 
[1, 20, 21]. These phenomena indicate that atopic inflam-
matory respiratory diseases are characterized by late allergic 
responses in both the upper and lower airways. Recently, the 
concept of “one airway, one disease” was proposed, because 
60–78% of asthma patients have co-existing allergic rhinitis, 
which is better described as a continuum of inflammation 
involving one common airway [10]. In our clinical experi-
ence, dogs and cats sometimes show signs of both upper and 
lower respiratory diseases. In this study, the proportions of 
CCR4/CD4 cells were elevated in most dogs with CR and 
CB, although no eosinophil infiltration was detected in nasal 
tissue samples or bronchoalveolar lavage fluid. In addition, 

Fig. 1. Ratios of CCR4/CD4 cells (mean ± 2SD) for 7-year-old 
healthy dogs [26] and dogs with chronic rhinitis or bronchitis.

Fig. 2. Sensitization rates of dogs with chronic rhinitis or bronchitis, determined by measurements of serum-specific IgE antibodies (>100 ng/ml).
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they were sensitized to a broad range of aeroallergen and not 
only house dust mite.

A major limitation of this study is that we are unaware 
how these dogs became sensitized to such a broad range of 
allergens because there is no proof that CCR4+ lymphocytes 
increase locally in the nasal mucosa and bronchoalveolar la-
vage fluid. Moreover, it was not possible to include a healthy 
control group, because of the referral population of our 
hospital. It remains unclear, therefore, how many dogs with 
atopic predisposition were in a subclinical state, because our 
study could not measure the proportions of CCR4/CD4 cells 
and sensitized levels of antigen-specific IgE in client-owned 
healthy dogs. However, we hypothesize that exposure to 
arthropods, molds and dry powder inhalation of food materi-
als may be one of the triggers for canine airway diseases. 
Thus, our data suggest that most dogs with CR and CB have 
a tendency toward atopic predisposition, necessitating a 
reduction in their exposure to environmental allergens. In 
addition, they may exhibit hypersensitivity of sensory recep-
tors in the airway, similar to atopic cough in humans [7, 8].

Regarding the allergic disease, corticosteroid therapy is 
commonly selected in clinical settings. However, azithro-
mycin (5 mg/kg SID for 5 days and then twice weekly) was 
introduced as an effective macrolide for dogs with CR [25]. 

Accordingly, we observed that macrolide therapy reduced 
the clinical signs in 50% of the dogs with CR and CB. Mac-
rolide therapy suppresses inflammatory responses by reduc-
ing the levels of pro-inflammatory mediators, neutrophil and 
eosinophil chemotaxis, leukocyte adhesion and oxidative 
burst, bacterial adherence, biofilm formation and bacterial 
virulence, and by enhancing neutrophil apoptosis, mucocili-
ary clearance and mucus hypersecretion in the airways [4]. 
In addition, roxithromycin, a 14-membered ring macrolide, 
inhibited the production of TARC by suppressing p38 in the 
mitogen-activated protein kinase pathway and the NF-κB 
signaling, to maintain immune homeostasis in barrier tissues 
[13]. The macrolide therapy also has a benefit to control the 
respiratory bacterial infection, such as Mycoplasma, though 
we were not able to detect that by the cultivation test in this 
study. Altogether, these data suggest that macrolide therapy 
represents an effective alternative to corticosteroid therapy 
to control the clinical signs of canine CR and CB with an 
atopic predisposition.

In conclusion, most dogs with CR and CB have a possibil-
ity of atopic predisposition, and those with an atopic predis-
position may require improvements in their environmental 
conditions to reduce allergens, as well as macrolide therapy 
to control their clinical signs.
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