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ABSTRACT: Canine demodicosis is a common inflammatory parasitic skin disease caused by 

Demodex mites. House dust mites, such as Dermatophagoides spp., play an important role in the pathogenesis 
of canine atopic dermatitis (AD). The goal of this experimental work was to investigate whether demodectic 
dogs could be previously exposed/sensitized to house dust mites’ antigens. First the prevalence of demodicosis 
in a southeastern region of Brazil was investigated by analyzing clinical files of dogs that were admitted to a 
Veterinary Hospital. Subsequently, the IgG responses to Dermatophagoides pteronyssinus (Dp) and 
Dermatophagoides farinae (Df) and IgE to D. pteronyssinus (Dp) were evaluated in two groups, AD or 
demodicosis dogs. Additionally, the major IgE-binding Dp proteins that are recognized by sera from dogs with 
demodicosis and AD were evaluated. A total of 2,599 clinical files were analyzed to identify the major parasitic 
skin diseases in dogs from this region, considering the age, sex and breed of the animals. The epidemiological 
study identified 111 animals with skin diseases; from these 20.7% presented demodicosis. Afterwards, serum 
samples were obtained from another groups of demodicosis, AD, and healthy dogs, and analyzed for Dp and 
Df-specific IgG, and IgE antibody levels, Dp IgG avidity by ELISA and IgE-binding Dp-specific proteins by 
immunoblot. IgG and IgE antibodies to Dp were detected in sera from additional groups of dogs with AD, 
demodicosis or healthy, with higher IgE levels to Dp in AD than demodectic or healthy dogs. IgG to Df was 
detected, despite with smaller levels compared to Dp in sera from demodectic dogs, and also in healthy dogs. 
Immunoblot showed IgE-binding to Dp proteins in sera of dogs with demodicosis and AD; with strong 
reactivity for the 72 and 116 kDa antigens detected by sera from demodicosis dogs. However, sera from healthy 
dogs >12 months old also presented reactivity to these bands. In conclusion, the detection of Dp-IgG and IgE 
antibodies in sera from demodectic dogs indicates previous exposure and sensitization to the house dust mite, 
respectively, more than cross-reactivity between demodex mites and Dp antigens detected by canine antibodies. 
Additionally, higher Dp-specific IgE levels were found in dogs with AD compared with those with demodicosis 
or healthy, suggesting that Dp-specific IgE could better discriminate dogs with AD from healthy ones or even 
those with demodicosis. 
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INTRODUCTION 
 
Canine demodicosis is a common parasitic 

skin disease resulting from excessive proliferation 
of the commensal mite Demodex canis within the 
hair follicles (KWOCHKA, 1987). Demodex canis 
may occur in small numbers as part of the normal 
fauna of the canine skin and can also be found in 
healthy dogs (SHIPSTONE, 2000). The mites on the 
skin are transmitted from the bitch to their nursing 
puppies within the first days after birth (GREEVE; 

GAAFAR, 1966). According to the extent of the 
disease, demodicosis is classified as either localized 
or generalized. Localized demodicosis is a benign 
disease that generally resolves spontaneously and is 
not normally associated with concurrent bacterial 
pyoderma. In contrast, generalized demodicosis is 
considered one of the most severe canine skin 
diseases and mostly involves secondary bacterial 
skin infections, which require administration of 
systemic antibiotics concomitantly with acaricidal 
treatment (PARADIS, 1999; MUELLER, 2004). In 
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many countries, D. canis has been reported as the 
most important infestation of mange mites in dogs 
(NAYAK et al., 1997; CHOI; LEE; LEE, 2000), 
particularly in stray dogs (RODRIGUEZ-VIVAS et 
al., 2003). 

The pathogenesis of demodicosis is not yet 
fully understood. It is believed that the disease 
results from the inability of the host to regulate a 
high number of mite burden rather than an increase 
in mite virulence. There is evidence suggesting that 
the excessive proliferation of Demodex mites may 
be due to an underlying genetic or immunological 
disorder in the affected dogs and that the tendency 
to develop demodicosis has a hereditary basis 
(SHIPSTONE, 2000). Previous studies have shown 
that dogs with generalized demodicosis present an 
imbalance in T cells in the blood, with decreased 
CD4+ T cells and increased CD8+ T cells, in 
addition to a reduced CD4+/CD8+ ratio compared 
with healthy controls (OLIVEIRA; LARSSON; DE 
CAMARGO, 2015; REDDY; SIVAJOTHI, 2016). 
Also, dogs suffering recurring from recurrent 
demodicosis have high levels of IL-10 production 
(FELIX et al., 2013). Dogs with generalized 
demodicosis suffer from an immune dysfunction 
that has been called antigen-specific effector T-cell 
exhaustion (reviewed by FERRER; RAVERA; 
SILBERMAYR, 2014). On the other hand, there are 
very few studies focusing on the humoral immune 
response against Demodex mites. A recent study 
showed that sera from dogs suffering juvenile 
generalized demodicosis, with and without 
secondary pyoderma, reacted with 10 kDa and 55/72 
kDa Demodex antigens, respectively, by Western 
blot; however, sera from healthy dogs also reacted 
with bands of 55 and 72 kDa, suggesting that both 
dogs with generalized demodicosis and healthy dogs 
develop a humoral response against different 
proteins of D. canis (RAVERA et al., 2015). 

Atopic dermatitis (AD) is one of the most 
common allergic skin diseases of dogs. This entity 
has been defined as a genetically predisposed 
(MAZRIER et al., 2016), inflammatory and pruritic 
allergic skin disease with typical clinical features 
(OLIVRY et al., 2001). The variation in clinical 
presentations, due to genetic factors, extent of the 
lesions, stage of the disease, secondary infections, as 
well as resemblance to other non-atopic related skin 
diseases, can complicate a diagnosis of canine AD 
(HENSEL et al., 2015). The exact prevalence of AD 
is not known, but there are reports suggesting that 
approximately 10% of the canine populations are 
affected worldwide (SCOTT, 2001). The canine 
epicutaneous exposure to different allergens may 
play an important role during both the sensitization 

and the perpetuation of AD (PUCHEU-HASTON et 
al., 2008), and is often associated with the presence 
of isotype E immunoglobulin (IgE) to 
environmental allergens (HILLIER; GRIFFIN, 
2001).  

Dermatophagoides pteronyssinus, D. 
farinae and Blomia tropicalis are the most prevalent 
house dust mites in tropical and subtropical climates 
and are considered the major sources of house dust 
allergens (ARLIAN et al., 1992; FERNANDEZ-
CALDAS et al., 1993). Previous studies reported a 
high frequency of IgE antibodies to D. 
pteronyssinus and D. farinae in dogs with AD, but 
also in dogs with no skin disease (LIAN; 
HALLIWELL, 1998; ARLIAN; MORGAN, 2000). 
Also, mite-sensitized dogs with AD show co-
sensitization to storage mites, such as Acarus siro, 
Tyrophagus putrescentiae and Lepidoglyphus 
destructor (SARIDOMICHELAKIS et al., 2008). 
Despite D. pteronyssinus and D. farinae mite 
allergens being found in the environments in our 
region, southeastern of Brazil (reviewed by 
SEGUNDO et al., 2009), D. pteronyssinus was 
found as the most prevalent house dust mite 
identified in the fauna in northeastern Brazil 
(Salvador, BA) (SERRAVALLE; MEDEIROS, 
1999) and D. pteronyssinus and B. tropicalis in 
southeastern Brazil (São Paulo, SP) (JORGE 
NETO; CROCCE; BAGGIO, 1980). Both in vivo 
and in vitro studies have demonstrated that there is 
cross-reactivity and cross-sensitization between 
antigens of Sarcoptes scabiei and D. farinae and D. 
pteronyssinus (FALK; BOLLE, 1980a, 1980b; 
PRÉLAUD; GUAGUÉRE, 1995). However, little is 
known about the cross-sensitization between D. 
canis and house dust mite allergens.  

At first, in the present study we aimed to 
investigate the more prevalent parasitic skin disease 
in the southeastern region of Brazil; and the 
Demodex was the most prevalent mite detected in 
skin diseased dogs in the region. Generalized 
demodicosis leads to a T-cell immunosuppression 
and there are little studies focusing on humoral 
immune response specific to the disease. Dogs 
suffering juvenile generalized demodicosis present 
serum IgG that recognize Demodex antigens 
(RAVERA et al., 2015) and serological IgA was 
enhanced in Pit bull terrier-type dogs (SOUZA et 
al., 2018). Related to AD, one of the most common 
allergic canine skin diseases, diseased dogs 
presented IgE-mediated sensitization to allergens 
from Dermatophagoides mites (MASUDA et al., 
1999). Thus, we decided to investigate IgE and IgG 
serum antibody responses to Dermatophagoides 
mites in AD and demodicosis dogs and verify if 
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there is antibody cross-reactivity between demodex 
mites and Dp antigens detected by canine 
antibodies. For this purpose, the IgG serum antibody 
response to the house-dust mite D. pteronyssinus 
and D. farinae, and also IgE to D. pteronyssinus 
were evaluated in serum samples collected from 
new groups of dogs with AD or demodicosis. Also, 
the major IgE-binding D. pteronyssinus proteins that 
are recognized by sera from dogs with demodicosis 
were evaluated. 
 
MATERIALS AND METHODS 
 
Epidemiological study 

At first an epidemiological investigation 
was conducted by analyzing clinical files of 2,599 
dogs that were admitted at the Veterinary Hospital, 
Federal University of Uberlândia, Brazil, over a 
period of 1 year, between January and December 
2008, in order to identify the most frequent mites 
inducing skin diseases in dogs in this southeastern 
region of the country. Epidemiologic data included 
age, sex, breed and results of skin scrapings. 
 
Animals and serum samples 

After identifying that the genus Demodex 
spp. was the most frequent mite provoking skin 
disease in dogs by epidemiological investigation, 
serum samples were obtained from new group of 
animals, 19 dogs of both genders and different ages 
and breeds, presenting symptoms of skin diseases 
and diagnosed as demodicosis. These samples came 
from the Veterinary Hospital, Federal University of 
Uberlândia, Brazil, private veterinary clinics of the 
city, and the Zoonosis Control Center of Uberlândia, 
collected between January and December 2009. 
Inclusion criteria were symptoms of skin disease 
and the detection of D. canis in skin scrapings 
and/or hair plucking samples from skin lesions. The 
samples were collected over a period of 1 year. A 
second group consisted of serum samples obtained 
from 28 dogs with AD according to previously 
published criteria (HENSEL et al., 2015), that were 
attended at the Veterinary Hospital, Federal 
University of Uberlândia, Brazil, over a period of 1 
year. Inclusion criteria were the presence of pruritic 
skin lesions associated with a positive intradermal 
skin test (IDST) to Dermatophagoides spp. extracts 
(KEPPEL et al., 2008), and these sera were used as 
positive controls in immunoassays. A third group 
consisted of clinically healthy (n = 25) dogs with no 
previous clinical history or sign of skin disease and 
a negative IDST to Dermatophagoides spp. extracts 
and, also Demodex upon microscopic examination 
of parasitological skin scraping samples. These 

animals were admitted to the Veterinary Hospital, 
Federal University of Uberlândia, Brazil, for regular 
health-check or vaccination was included in the 
study as negative controls, after obtaining 
permission from the owners. This group was divided 
in animals more than 12 mo and less than 12 mo, to 
indicate higher and less probability, respectively to 
be exposed to the Dermatophagoides allergens. 

Blood samples were collected by cephalic or 
jugular venipuncture, and sera were obtained after 
centrifugation at 300 g for 10 min and stored at -20° 

C until serological assays. All procedures including 
blood sample collection, skin scraping and 
intradermal testing were carried out in accordance 
with the recommendations of International Guiding 
Principles for Biomedical Research Involving 
Animals.  
 
Skin scrapings 

Skin samples were taken from five areas of 
lesions by scraping with a scalpel until capillary 
bleeding was visible. The scraped materials were 
placed on glass slides with a drop of 10% potassium 
hydroxide (KOH) solution, and coverslips were 
placed on top of each (RODRIGUEZ-VIVAS et al., 
2003). The slides were examined under light 
microscopy using a 10 x objective to investigate the 
presence of mites in any developmental stage that 
were considered as positive sample (RODRIGUEZ-
VIVAS et al., 2003). 
 
Dermatophagoides pteronyssinus and D. farinae 
extracts 

Dermatophagoides pteronyssinus (Dp) or D. 
farinae (Df) crude extracts (Ext-Dp or Ext-Df) was 
obtained from mite bodies and feces (cultures 
containing mites kindly provided by Dr. Federico 
Montealegre, Ponce School of Medicine, Puerto 
Rico) as described elsewhere (MONTEALEGRE et 
al., 2002; PEREIRA et al., 2005). Briefly, mite and 
feces powder was triturated in liquid nitrogen for 
mite disruption and allergens were extracted 
overnight at 4 °C in 5 mmol/L borate-buffered 
saline (pH 8.0) containing protease inhibitors (50 
g/mL leupeptin, 1.6 mmol/L phenylmethylsulfonyl 
fluoride [PMSF], 1 mmol/L benzamidin, and 10 
g/mL aprotinin; all reagents from Sigma Chemical 
Co. Saint Louis, Missouri). After centrifugation 
(30,000 g for 45 min at 4 °C), the supernatant was 
dialyzed (Amicon, Ym-10, W.R. Grace & Co., 
Beverly, Massachusetts) against 0.01 mmol/L 
phosphate-buffered saline (PBS, pH 7.2) and the 
protein concentration was determined (LOWRY et 
al., 1951). Mite extract aliquots were stored at -20 
°C until being used in immunoassays. 
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Enzyme-linked immunosorbent assay (ELISA) 
for measuring IgE antibodies to D. pteronyssinus  

Levels of serum IgE antibodies to Dp 
antigens were measured by ELISA as described 
elsewhere (ALMEIDA et al., 2006), with some 
modifications. High affinity microtiter plates 
(Corning Laboratories Inc., New York, NY, USA) 
were coated overnight at 4 °C with 20 g/mL of 
Ext-Dp diluted in 0.06 mmol/L carbonate buffer (pH 
9.6). The plates were washed three times with 
phosphate-buffered saline PBS containing 0.05% 
Tween 20 (PBS-T) and blocked with PBS-T 
containing 1% bovine serum albumin (BSA) for 1 hr 
at room temperature. After washes, plates were 
incubated with dog serum samples diluted 1:2 in 
PBS-T-BSA for 2 hr at 37 °C, washed again and 
then with mouse monoclonal IgG1 anti-canine IgE 
(Serotec Inc., Raleigh, North Carolina) diluted 
1:500 in PBS-T-BSA for 1 hr at 37 °C. Next, the 
peroxidase-labeled goat anti-mouse IgG conjugate 
(Sigma) diluted 1:1,000 in PBS-T-BSA was added 
and incubated for 1 hr at 37 °C. The assay was 
developed by adding 0.01 mmol/L 2,2’-azino-bis-3-
ethyl-benzthiazoline sulfonic acid (ABTS; Sigma) 
in 0.07 mmol/L citrate-phosphate buffer (pH 4.2) 
and 0.03% H2O2. Optical density (OD) values were 
determined in a plate reader (Titertek Multiskan, 
Flow Laboratories, McLean, Virginia) at 405 nm. 
Antibody levels were arbitrarily expressed as 
ELISA index (EI) according to the formula: EI = 
sample OD/cut off, where cut off was established as 
mean OD of negative control sera plus 3 standard 
deviations (SD) (SILVA et al., 2002). It was used 
3SD plus the mean OD of negative control sera to 
make the analyzes more rigid. EI values >1.2 were 
considered positive for excluding borderline 
reactivity values close to EI = 1.0. 

  
ELISAs for measuring IgG antibodies to D. 
pteronyssinus or D. farinae and D. pteronyssinus 
IgG avidity 

Levels of specific IgG antibodies to Dp or 
Df antigens were measured by ELISA as above 
described, with minor modifications. Briefly, high 
affinity microtiter plates were coated with 20 g/mL 
of Ext-Dp, blocked with PBS-T-BSA and then 
incubated with dog serum samples diluted 1:25 in 
PBS-T-BSA for 1 hr at 37 °C. After washing, the 
peroxidase-labeled goat anti-dog IgG conjugate 
(Sigma-Aldrich, St. Louis, MO, USA) diluted 
1:5,000 in PBS-T-BSA was added and incubated for 
1 hr at 37 °C. The assay was developed by adding 
ABTS and 0.03% H2O2 and results were expressed 
as described for ELISA-IgE to Dp.  

The avidity of Dp -specific IgG antibodies 
was determined as previously described 
(MARCOLINO et al., 2000), with some 
modifications. Briefly, microtiter plates previously 
coated with Ext-Dp were washed 3 times with PBS-
T. Serum samples diluted 1:25 were added in 
duplicate on separate plates. After incubation for 45 
min at 37 °C, the plates were subjected to 
differential washing as follows: 1 plate was washed 
with 6 M urea solution in PBS for 5 min, while the 
other plate was washed only with PBS-T for 5 min. 
Furthermore, both plates were washed twice with 
PBS-T for 5 min. The residual antigen-bound IgG 
was detected with peroxidase-labeled goat anti-dog 
IgG conjugate (Sigma) diluted 1:5,000 in PBS-T-
BSA and incubated for 45 min at 37 °C. After three 
washes with PBS-T, the reaction was revealed with 
ABTS and 0.03% H2O2. The avidity index (AI) was 
calculated as the ratio between the absorbance (Abs) 
obtained for the plate washed with urea (U+) and 
the plate without urea (U-) and is expressed as a 
percentage: AI Abs(U+) /Abs(U-) x 100. 

 
Immunoblot 

To identify the IgE-reactive Dp antigens, 10 
sera from dogs with demodicosis and 5 sera from 
dogs with AD were analyzed in immunoblot as 
previously described (PEREIRA et al., 2005). Ext-
Dp (20 g) was electrophoresed on 12% sodium 
dodecyl sulfate polyacrylamide gel (SDS-PAGE) in 
a mini-gel system (Hoefer Pharmacia Biotech Inc., 
San Francisco, California), under non-reducing 
conditions (without 2-mercaptoethanol) 
(LAEMMLI, 1970) in parallel with standard 
molecular markers (Sigma). Then, previously 
separated Ext-Dp was electrotransferred onto a 
nitrocellulose membrane (Amersham, Milan, Italy) 
as described elsewhere (TOWBIN; STSEHELIN; 
GORDON, 1979). Membrane strips were blocked 
with 5% skimmed milk (SM) in PBS-T and 
incubated with dog serum samples diluted at 1:4 in 
PBS-T plus 1% SM overnight at 4 °C. Negative 
control sera were also included. After washing six 
times with PBS-T, mouse monoclonal IgG1 anti-
canine IgE (Serotec Inc.) diluted 1:250 in PBS-T 
plus 1% SM was added and incubated for 4 hr at 
room temperature. After new washes, strips were 
incubated with the peroxidase-labeled goat anti-
mouse IgG (Sigma) diluted 1:1,000 in PBS-T plus 
1% SM for 2 hr at room temperature. The reaction 
was visualized using 3, 3’-diaminobenzidine tablets 
(Sigma) and hydrogen peroxide. 
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Statistical analysis 
Statistical analysis was performed using 

GraphPad Prism, v. 8.0 (GraphPad Software, San 
Diego, California). Antibody levels were compared 
between two groups with Student's t test, for 
parametric data, or by Mann-Whitney test, for non-
parametric data, and among more groups with One-
Way ANOVA with Bonferroni’s multiple 
comparison post-test. Positive rates were compared 
by the chi-square (2) test. Values of P < 0.05 were 
considered statistically significant. 

  
RESULTS 

 
Epidemiological study  

From 2,599 clinical files analyzed, 111 dogs 
were clinically suspected of having skin diseases. 

As demonstrated in Table 1, from 111 skin diseased 
dogs, 42 (37.8 %) were male and 69 (62.2%) were 
female (2 = 12.2, P = 0.0005), and 80 (72.1%) were 
pure breed dogs compared to 31 (27.9%) mixed 
breed dogs (2 = 41.5, P < 0.0001). Results of skin 
scrapings demonstrated that 29 dogs were positive 
for mange mites (26.1%) and 82 were positive for 
other skin diseases (73.9%) (2 = 48.7, P < 0.0001). 
Demodectic mange was diagnosed in 23 (20.7%) 
dogs with skin disease and was more frequent than 
sarcoptic mange, which was seen in only 6 (5.4%) 
dogs (2 = 10.2, P = 0.0014) (Table 1). Also, 
demodectic mange was more prevalent in pure than 
mixed breed dogs (2 = 8.7, P = 0.0032) (Table 1).  

 
Table 1. Epidemiological data of 111 dogs with skin disease admitted at the Veterinary Hospital, Federal 

University of Uberlândia, Brazil. 

1The purebreds were German Shepherd, Rottweiler, Labrador, Brazilian Fila, or Beagle; *, †, ‡Different symbols indicate significant 
differences as determined by the 2 test with Yates correction (P < 0.05). 

 
IgG antibodies to D. pteronyssinus and D. farinae 
in dog sera  

In the next step, we investigated if sera from 
dogs with demodicosis could also react with D. 
pteronyssinus antigens, testing in parallel the sera 
from dogs with AD (positive controls) and with no 
dermatitis (negative controls). The majority 18 
(94%) from 19 dogs with demodicois was >12 mo 
old, 10 (52.6%) were male and 15 (78.9%) were 
pure breed, predominating in dogs of German 
Shepherd breed. It was observed that dogs with AD 
or demodicosis presented high seropositivity rates 
(> 90%) and similar levels of circulating IgG 
antibodies to Dp (Figure 1A). On the other hand, 
dogs with no sign of dermatitis also had Dp-specific 
IgG antibodies, but with significantly lower IgG 
levels and seropositivity rates than dogs with 
demodicosis or AD (P = 0.0374 and P = 0.0222). 
We also measured the Df-specific IgG antibodies in 
sera from demodicosis and healthy dogs, and all of 
demodectic dogs presented positivity to Df, despite 
in low levels (Figure 1D) and dogs with no sign of 

dermatitis also had Df-specific IgG antibodies 
(Figure 1D).  

As the majority of dogs (94%) with 
demodicosis were >12 mo old, we decided to 
analyze the Dp and Df-specific IgG detection in 
dogs with no dermatitis (negative controls) in 
relation to the age of these animals. We observed 
that higher IgG levels as well as seropositivity were 
detected in dogs >12 mo old (P = 0.0001) (Figure 
1B and 1E). As the IgG levels in demodectic dogs 
were higher when using Dp than Df antigens, and 
also based in the literature that D. pteronyssinus is 
highly prevalent in our region, the posterior studies 
were performed with Dp only. 

Next, we analyzed the Dp-specific IgG 
avidity of sera from dogs with demodicosis and 
dogs with no dermatitis, and detected a higher IgG 
avidity index in sera from dogs with demodicosis (P 
= 0.0217 in relation to dogs with no dermatitis >12 
mo old, and P = 0.0001 in relation to dogs with no 
dermatitis <12 mo old) (Figure 1C). 

 
 
Skin disease  

Age (mo) Breed1 Sex Total 

 
< 12 

 
> 12 

 
Pure 

 
Mixed 

 
Male 

 
Female 

 
Positive 
(n) 

 
Prevalence 
(%) 

Demodectic mange 14 9 17* 6 † 11 12 23 20.7* 

Sarcoptic mange 3 3 4 2 1 5 6 5.4† 
Other skin diseases 33* 49† 59* 23† 30* 52† 82 73.9‡ 
Total 50 61 80* 31† 42* 69† 111 100 
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Figure 1. Levels of IgG to Dermatophagoides pteronyssinus and Dermatophagoides farinae extracts 

determined by ELISA in serum samples from dogs.  
The specific IgG levels to D. pteronyssinus were measured in serum samples from dogs with atopic dermatitis (n = 28), 
demodicosis (n = 19), and healthy dogs (n = 25) (A). Levels of IgG in < 12 mo and >12 mo old healthy dogs (B). Percentage 
of IgG anti-Ext-Dp avidity in serum samples of demodicosis and healthy dogs (C). Levels of IgG to D. farinae extract 
determined by ELISA in serum samples from dogs with demodicosis (n = 13) (D), and healthy dogs (n = 14) (E). Data are 
reported as ELISA index (EI) or avidity index (AI) expressed as a percentage. The horizontal bars in the graphs indicate the 
mean value obtained for each group. The dashed horizontal lines indicate the cut-off of the assay (EI = 1.2). Statistical 
significance was determined using the One-way ANOVA with Bonferroni’s multiple comparison test (A and C) or the 
Student’s t test (B, D and E). *P < 0.05. 
 

IgE antibodies to D. pteronyssinus in dog sera 
To confirm the sensitization of dogs with 

AD to Dp allergens and investigate if dogs with 
demodicosis were also sensitized to the dust mite, 
we analyzed serum IgE levels to Dp in both dog 
groups in addition to the group with no dermatitis 
(negative control). Dp-specific IgE levels were 
significantly higher in dogs with AD compared with 
demodicosis (P = 0.0457) and with no sign of 
dermatitis (P = 0.0001) (Figure 2A). However, 
seropositivity rates for Dp-specific IgE in dogs with 
AD (85.7%) and demodicosis (63.2%) were not 
significantly different, but both groups showed 
higher specific IgE seropositivity than healthy dogs 
(32.0%) (2 = 15.9, P < 0.0001 and 2 = 4.2, P = 
0.0398, respectively). Interestingly, dogs with no 

dermatitis and age <12 mo presented lower levels 
and seropositivity of Dp-specific IgE antibodies 
compared to those with >12 mo old (P = 0.0001) 
(Figure 2B). 
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Figure 2. Levels of IgE to Dermatophagoides pteronyssinus extract determined by ELISA.  

The IgE levels were measured in serum samples from dogs with atopic dermatitis (n = 28), demodicosis (n = 19), and healthy 
dogs (n = 25) (A). Levels of IgE in < 12 mo and >12 mo old healthy dogs (B). Data are reported as ELISA index (EI). The 
horizontal bars in the graphs indicate the mean value obtained for each group. The dashed horizontal lines indicate the cut-off 
of the assay (EI = 1.2). Statistical significance was determined using the One-way ANOVA with Bonferroni’s multiple 
comparison test (A) or the Mann-Whitney test (B). * P < 0.05. 
 

Profile of D. pteronyssinus protein/peptide bands 
detected by IgE antibody from sera of dogs with 
AD or demodicosis using immunoblot assay  

To investigate probable antigenic markers in 
the Ext-Dp that could be differentially or 
concomitantly recognized by IgE antibodies in sera 
of dogs with AD and demodicosis, Ext-Dp-blotted 
membranes were probed with sera from the three 
dog groups. Sera from both dogs with demodicosis 
(Figure 3A) and AD (Figure 3B) recognized 3 major 
protein/peptide bands with relative molecular 
masses of approximately 40, 72, and 116 kDa, with 

a stronger reactivity to the 72 and 116 kDa bands. 
Additionally, serum samples from healthy dogs with 
no dermatitis recognized predominantly the band of 
72 kDa, despite the weak reactivity with minor 
bands (Figure 3C, lines 12, 13, and 14). As 
expected, sera from healthy dogs <12 mo old 
presented no IgE reactivity to Ext-Dp (Figure 3C, 
lines 15 and 16). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3. Immunoblot of Dermatophagoides pteronyssinus (Dp) extract probed with canine sera.  

Dp extract (20 µg protein) was resolved on 12% SDS-PAGE under non-reducing conditions, proteins were transferred to 
nitrocellulose membrane and strips were probed with sera from dogs with demodicosis (A), atopic dermatitis (B) or healthy 
dogs (C). Crude Dp extract (line1).  Representative serum samples from dogs with demodicosis (lines 2, 3, 4, 5, 6), atopic 
dermatitis (lines 7, 8, 9, 10, 11) and from healthy dogs >12 mo (lines 12, 13, 14) and <12 mo (lines 15, 16). Monoclonal 
mouse anti-canine IgE and afterwards peroxidase-labeled goat anti-mouse IgG conjugate were used to detect canine IgE 
reactivity to Dp extracts. Molecular mass (kDa) standards are indicated on the left.  
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DISCUSSION 
 
There is limited information about the 

prevalence and immune response to the mange-mite 
D. canis worldwide. In the present investigation, D. 
canis (20.7%) was more prevalent than S. scabiei 
(5.4%) in this region of southeastern Brazil in an 
epidemiologic analysis. These findings are in 
accordance with another study performed in Brazil, 
showing that in the city of Mossoro, northeastern 
region of Brazil, 13.9% of 503 dogs examined 
presented D. canis mites in cutaneous smears and 
were the more prevalent mites found (ROCHA et 
al., 2008). In another study, in the city of Lages, 
southern Brazil, the prevalence of mange mites in 
714 dogs examined was 7.7 %, which was much 
lower than our findings (26.1%), but showing 
similar frequency of D. canis and S. scabiei 
(48.28%) (BELLATO et al., 2003). Our 
investigation was also in accordance with previous 
studies performed in Mexico, where D. canis was 
the most frequent (23%) mange mite infestation in 
stray dogs (RODRIGUEZ-VIVAS et al., 2003). In a 
northern area of Taiwan in an analysis of 1,013 
dogs, 73 (7.2%) presented D. canis infection (TSAI 
et al., 2011). Interestingly, in our investigation, the 
epidemiological study showed that demodicosis was 
more frequent in pure breed dogs. Our data are in 
accordance with previous studies that showed that 
from 16 demodectic dogs 14 (87.5%) were pure 
breed (OLIVEIRA; LARSSON; DE CAMARGO, 
2015). 

House dust mites are found in homes 
worldwide and dogs reside in many homes in 
geographical areas and climates where these mites 
are prevalent (MASUDA et al., 1999). Previous in 
vivo and in vitro investigations have shown cross-
reactivity and cross-sensitization between antigens 
of S. scabiei and house dust mites as D. farinae and 
D. pteronyssinus (FALK; BOLLE, 1980a, 1980b; 
ARLIAN; VYSZENSKI-MOHER; GILMORE, 
1988, 1991; PRÉLAUD; GUAGUÉRE, 1995). Dogs 
produce both IgG and IgE to house dust mites and 
IgE-mediated sensitization to allergens from these 
mites is often manifested as AD (MASUDA et al., 
1999). 

In the present study, dogs with AD or 
demodicosis and ones presenting no signs of 
dermatitis, exhibited circulating IgG and IgE 
antibodies to D. pteronyssinus. According to the 
high prevalence of house dust mites in tropical 
climates (ARLIAN et al., 1992; FERNANDEZ-
CALDAS et al., 1993), including Brazil (TERRA et 
al., 2004), the data obtained in this study reinforces 
that D. pteronyssinus presents a high prevalence in 

our region and the mites are sensitizing dogs. In 
other regions of the world, intradermal test reactions 
in atopic dogs to D. farinae are more frequent than 
to D. pteronyssinus (MASUDA et al., 2000; 
BENSIGNOR; CARLOTTI, 2002; SZCZEPANIK; 
WILKOLEK; TASZKUN, 2005) and despite the 
rarity of D. farinae in the U.K. the sensitization to 
D. farinae in AD dogs is more frequent than to D. 
pteronyssinus (STURE et al., 1995). It was observed 
exposure to D. farinae antigens by detection of IgG 
specific to Df in sera from demodectic and healthy 
dogs, however in low antibody levels. Interestingly, 
in our study dogs with AD or demodicosis or even 
healthy dogs presented high exposure to D. 
pteronyssinus and, high sensitization to D. 
pteronyssinus antigens. It is in accordance with the 
high prevalence of D. pteronyssinus in different 
regions of Brazil (JORGE NETO; CROCCE; 
BAGGIO, 1980; SERRAVALLE; MEDEIROS, 
1999;). 

IgE antibody is commonly associated with 
sensitization to environmental allergens (HILLIER; 
GRIFFIN, 2001) and the role of IgG in the 
pathogenesis of AD is not completely elucidated 
(PUCHEU-HASTON et al., 2015). We observed 
that high levels of IgG antibodies to D. 
pteronyssinus were detected in sera from both dogs 
with AD and demodicosis. On the other hand, serum 
samples from healthy dogs with no history of skin 
disease also exhibited D. pteronyssinus-specific IgG 
antibodies, despite at lower levels than those 
observed in dogs with AD and demodicosis. It is 
noteworthy, however, that 70% of these positive 
sera were from dogs aged >12 mo, and all of these 
animals presented mean of ELISA index of 2.03, 
similar to those of AD and demodicosis dogs. The 
majority of dogs with demodicosis in our 
investigation were >12 mo age. Thus, these data 
suggest that the demodicosis and healthy dogs >12 
mo were previously exposed to D. pteronyssinus 
antigens.  

In the next step, we measured the avidity of 
IgG to Ext-Dp in sera from dogs with demodicosis 
and healthy dogs >12 mo old. Previous studies 
showed that low and high IgG avidity reflects recent 
and chronic infection, respectively (MARCOLINO 
et al., 2000).  In the present work, the higher Dp-
specific IgG avidity detected in the demodicosis 
group compared with healthy dogs could indicate 
that dogs with demodicosis were exposed to D. 
pteronyssinus antigens earlier than healthy dogs, 
mainly dogs with < 12 mo reflecting on increased 
affinity and maturation of specific antibodies due to 
longer time to Dp exposition. Regarding IgE levels 
to D. pteronyssinus, higher specific IgE levels were 
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found in dogs with AD when compared with those 
with demodicosis or healthy. Interestingly, healthy 
dogs with no history of skin disease that exhibited 
Dp-specific IgE antibodies (32%) were all >12 mo 
of age. These data suggest that Dp-specific IgE 
rather than IgG levels may better discriminate dogs 
with AD from healthy dogs or even those with 
demodicosis. Accordingly, previous studies showed 
that there is a high frequency of IgE antibody to D. 
farinae and D. pteronyssinus allergens in both 
atopic and normal dogs (LIAN; HALLIWELL, 
1998; ROQUE et al. 2011; LAUBER et al., 2012). 
These data indicate that IgG and IgE levels to house 
dust mite allergens must be evaluated with careful in 
the diagnosis of AD because dogs can be mite-
sensitized, but do not show any clinical sign of AD. 
Similarly, another study demonstrated that mite-
sensitized dogs presented high concentration of 
serum D. farinae- and D. pteronyssinus -specific 
IgE and no clinical signs of AD (EGLI et al., 2002). 
Likewise, our study showed that many random-
source dogs without scabies, demodicosis or signs 
of AD or other visible skin lesions might already 
have sensitizing levels of circulating IgE antibody to 
house dust mite allergens.  

IgE antibodies in the serum of dust mite-
sensitized patients with no history of scabies bind to 
multiple S. scabiei protein/peptide components 
separated by SDS-PAGE (ARLIAN; VYSZENSKI-
MOHER; GILMORE, 1988). In the present study, 
D. pteronyssinus protein/peptide components 
separated by SDS-PAGE were recognized by IgE 
antibodies in sera of dogs with AD, demodicosis 
and healthy ones. Sera from dogs with AD and 
demodicosis predominantly recognized the 
protein/peptide bands of 40, 72 and 116 kDa from 
Ext-Dp. The reactivity of the 72 and 116 kDa bands 
was more evident, indicating that these protein 
components seem to be immunodominant antigens 
that induce a strong homologous and/or 
heterologous IgE antibody immune response. 
However, sera from healthy dogs recognized mainly 
the 72 kDa protein/peptide band. Recently, it was 
demonstrated that sera from some dogs with 
demodicosis recognized protein/bands in the D. 
farinae extract. One from three groups of pooled 
sera obtained from dogs with generalized 
demodicosis without concurrent secondary 
pyoderma detected a band of 72 kDa in the D. 
farinae extract and 1 from 4 groups of pooled sera 
from dogs with generalized demodicosis with 
secondary pyoderma detected a band around 10 kDa 
in this extract (RAVERA et al., 2015). In 
accordance with our study, in atopic dogs the major 
allergens of D. farinae and D. pteronyssinus 

detected by IgE antibodies were at 97-98 kDa, 103-
104 kDa and 134-139 kDa on both reducing and 
non-reducing blots and 84-85 kDa, 65-69 kDa and 
44-45 kDa on reducing blots (NUTTALL; LAMB; 
HILL, 2001). Additionally, IgE from sera of atopic 
dogs recognized bands of 13.5, 23.5, 32.5, 47.5, 70 
and 210–220 kDa more frequently in D. 
pteronyssinus extract by one-dimensional SDS-
PAGE (MARTINS et al., 2015). 

Using a whole body, D. canis crude protein 
extract, Ravera et al. (2015) observed that sera from 
dogs with generalized demodicosis without 
secondary pyoderma detected bands towards 10 kDa 
and 55 to 72 kDa, whereas sera from generalized 
demodicosis with secondary pyoderma detected 
bands towards 10 kDa. Thus the 72 kDa band in D. 
canis and D. farinae or D. pteronyssinus (the latter 
observed in our study) extract detected by sera from 
dogs with demodicosis could be a shared antigen 
between these 3 mites. These data reinforce the 
careful necessary to diagnose the canine skin 
disease, because Demodex mites could induce cross-
reactivity response that could misdiagnosis AD. 
Thus, complementary approaches are essential to 
improve the diagnosis, such as, ruling out of other 
skin conditions with clinical signs that can resemble, 
or overlap with canine AD, such as ectoparasitic 
skin diseases; detailed interpretation of the historical 
and clinical features of the condition, afterwards 
assessment of skin reactivity by intra dermal testing 
or serologic detection of specific-IgE in serum 
samples (HENSEL et al., 2015) or specific 
peptide/antigen from house dust mites recognized 
by IgE. 

In conclusion, our investigation 
demonstrated that dogs with demodicosis present 
antibodies IgG that recognize D. pteronyssinus and 
D. farinae and, IgE that recognize D. pteronyssinus 
antigens, meaning that the animals have been 
previously exposed/sensitized to house dust mites; 
however, the 72 kDa antigen could to be an 
immunodominant antigen that induces a strong 
homologous and Dp heterologous IgE antibody 
response. Therefore, the continuous exposure to 
house dust mite allergens and consequent 
sensitization of dogs with more age associated with 
a possible IgE antibody cross-reactivity between D. 
pteronyssinus and D. canis might lead to symptom 
exacerbation of skin lesions in dogs with 
demodicosis. 
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RESUMO: Demodicose canina é uma doença inflamatória comum da pele causada por ácaros do 

gênero Demodex. Ácaros da poeira doméstica como Dermatophagoides spp. desempenham papel importante na 
patogênese da dermatite atópica canina (DA). O objetivo desse trabalho experimental foi investigar se cães com 
demodicose poderiam ser previamente expostos/sensibilizados com antígenos de ácaros da poeira doméstica. A 
princípio, investigou-se a prevalência de demodicose em uma região sudeste do Brasil, analisando-se 
prontuários clínicos de cães admitidos em um Hospital Veterinário. Posteriormente, as respostas de IgG a 
Dermatophagoides pteronyssinus (Dp) e D. farinae (Df) e IgE a D. pteronyssinus (Dp) foram avaliadas em dois 
grupos, DA ou demodicose. Também foram avaliadas as principais proteínas Dp reconhecidas por anticorpo 
IgE presente em soros de cães com demodicose e DA. Um total de 2.599 prontuários clínicos foram analisados 
para identificar as principais doenças parasitárias da pele em cães dessa região, considerando a idade, sexo e 
raça dos animais. O estudo epidemiológico detectou 111 animais com doenças de pele e destes, 20,7% 
apresentavam demodicose. Posteriormente, amostras de soro foram obtidas de outros grupos de cães com 
demodicose, DA ou saudáveis, e analisadas quanto aos níveis de IgG e IgE específicos para Dp e Df, avidez de 
IgG a Dp por ELISA e proteínas específicas de Dp reconhecidas por IgE por immunoblot. Anticorpos IgG e IgE 
para Dp foram detectados em soros de grupos adicionais de cães com DA, demodicose ou saudáveis, com 
níveis mais altos de IgE para Dp na DA do que no soro de animais saudáveis. Níveis de IgG específicos para Df 
foram detectados, apesar serem menores em comparação com os detectados para Dp em soros de cães 
demodéticos, e também em cães saudáveis. A análise de immunoblot demonstrou detecção de IgE para 
proteinas de Dp em soros de cães com demodicose e DA; com forte reatividade para os antígenos de 72 e 116 
kDa detectados por soros de cães com demodicose. No entanto, soros de cães saudáveis > 12 meses de idade 
também apresentaram reatividade a essas bandas. Em conclusão, a detecção de anticorpos Dp-IgG e IgE 
específicos em soros de cães demodéticos indica exposição prévia e sensibilização aos ácaros, respectivamente, 
mais do que reatividade cruzada entre ácaros Demodex e antígenos Dp detectados por anticorpos caninos. Além 
disso, níveis de Dp-IgE específicos mais elevados encontrados em cães com DA, sugerem que esses anticorpos 
poderiam discriminar melhor cães com DA daqueles saudáveis ou mesmo demodéticos. 

 
PALAVRAS-CHAVE: Cães. Demodex canis. Demodicose. Dermatophagoides pteronyssinus. IgG. 

IgE. 
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