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Abstract
Introduction and objectives: Atopic individuals are characterized by increased IgE production 
and Th2 response if exposed to certain antigens. It is known that the mother transfers anti-
mite antibodies to the fetus and newborn, IgG thru the placenta, and IgA thru breastfeeding, 
but it is not clear whether there is a protective mechanism mediated by them concerning the 
development of future allergies. This study aimed to compare the levels of IgA, IgG, and IgE 
antibodies specific to Der p 1 and Der p 2 between atopic and healthy individuals.
Methods: Serum samples of 98 patients and 44 healthy controls were subjected to quantifica-
tion for specific IgE, IgG, and IgA antibodies against Der p 1 and Der p 2 by ImmunoCap® and 
ELISA, and subjected to statistical analysis as indicated.
Results: Atopic patients had higher serum levels of IgE, IgG, and IgA specific to Der p 1 and Der 
p 2. The correlation was more robust between IgE and IgG antibodies.
Conclusions: Allergic patients produce higher levels of antibodies against Der p 1 and Der p 
2 compared with healthy individuals. The mechanisms involved still require detailed studies.
© 2021 Codon Publications. Published by Codon Publications.
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allergic patients with healthy individuals without a history 
of allergy.

Materials and methods

This was a cross-sectional study with convenience sam-
ple. The sample size was calculated from the prevalence 
of allergic sensitization among patients with allergy and 
healthy individuals,6 with a significance of 5% associated 
with a 95% confidence level. The software used was PASS 
(Power Analysis and Sample Size)13–NCSS. Thus, the sample 
should account for 80 patients and 40 healthy individuals.

Patients with a medical diagnosis of allergic disease 
(asthma, allergic rhinitis, allergic conjunctivitis, atopic der-
matitis, food allergy, and wheezing infants) aged between 
six months and 40 years were invited to participate in 
the study. These patients were followed up at the Allergy 
Clinic of the Allergy Discipline, Clinical Immunology and 
Rheumatology—UNIFESP-EPM, and had a positive immedi-
ate hypersensitivity skin test (IHST) to home dust mites. 
The diagnosis of allergic diseases was made based on inter-
national recommendations. The IHST was characterized as 
positive when an induration papule with an average diame-
ter ≥3 mm appeared on the skin puncture through a drop of 
allergen D. pteronissynus (IPI-ASAC®) arranged on the sur-
face of the forearm and compared with a positive control 
(histamine) and negative excipient.17 Patients on systemic 
immunosuppressive therapy or allergen-specific immuno-
therapy were not considered eligible for this research.18

The control group comprised individuals with no med-
ical history of allergic disease, recruited from childcare 
outpatient clinics, and during the collection of general 
examination at São Paulo Hospital and Federal University 
of São Paulo, São Paulo (USP and UNIFESP). Every control 
group participant had a negative specific IHST.

Thus, the participants were divided into two groups: 
allergic with clinical history of allergies, positive IHST, and 
serum IgE specific to D. pteronissynus present, and the 
control group without a clinical history of allergies and 
negative IHST. All the participants in both groups signed 
the Free and Informed Consent Term (FICF) after being 
informed about the objectives of the study. The study, the 
experimental protocol, and the consent form conformed to 
the ethical requirements and were analyzed and approved 
by the Ethics Committee on Research with Human Beings of 
ICB–USP, approval number 49353615.8.0000.5467.

All participants underwent peripheral blood collec-
tion in a dry tube to obtain serum. After clot retraction, 
it was centrifuged, and the serum obtained was separated 
into aliquots to quantify total and specific serum IgE for 
D. pteronissynus and its allergens Der p 1 and Der p 2, as 
well as IgA and IgG specific to the same allergens, and sub-
sequent purification. The quantification of total and spe-
cific IgE for the D. pteronissynus extract (source of the D. 
pteronissynus) was performed using the ImmunoCAP® tech-
nique (Thermofisher, Uppsala, Sweden). Anti-human total 
IgE quantification was already coupled to the ImmunoCAP® 
cellulose solid phase.

An ELISA assay was performed to determine the lev-
els of IgE, IgA, and IgG specific to Der p 1 and Der p 2. 
Briefly, polystyrene plates (96-well high-biding plates; BD 

Introduction

Epidemiological studies report an increase in the preva-
lence of allergic diseases worldwide, especially in devel-
oping countries.1–3 These diseases, for the most part, are 
mediated by class E (IgE) antibodies specific to substances 
that nonallergic individuals do not normally produce and 
are characterized by the activation of type I allergic 
inflammatory reaction of Gell and Coombs.4,5

Household dust mites are considered the main etio-
logical cause of respiratory allergies in our environment.6 
In spite of geographic differences, over 85% of asthma 
patients are located in regions of North America and 
South America, followed by Europe and Southeast Asia and 
Australia,7 and about 90% of these patients may become 
sensitized to different allergens.

One of the main genera of household dust mites is 
Dermatophagoides sp. found in several places, prefer-
ably in tropical regions such as Brazil, Southern United 
States, Puerto Rico, and Venezuela.8 In the city of São 
Paulo, for example, it was observed that the species 
Dermatophagoides pteronissynus and Blomia tropicalis rep-
resent 50% and 26% of the allergens present in the dust of 
home interiors, respectively.9 A study carried out in the city 
of Salvador, in the Brazilian state of Bahia, demonstrated 
that these species are also the main inducers of allergic 
sensitization and responsible for the highest frequency per-
centages of positive skin tests.9 A recent national study has 
found that 63.9% of allergic patients are sensitized to D. 
pteronissynus.6

With improvements in molecular biology, it has been 
possible to characterize the allergenic components of D. 
pteronissynus, among them those of Group 1 (Der p 1) 
and Group 2 (Der p 2). Der p 1 is the most abundant aller-
gen found in mite feces and the main inducer of the IgE-
mediated response in patients allergic to household dust,10 
but Der p 2 is also an important allergy inducer.11

In 1911, Leonard Noon was the first to demonstrate that 
subcutaneous inoculation of pollen extracts acted by sup-
pressing immediate conjunctival sensitivity to pollen, and 
with this idea, allergen-specific immunotherapy for allergic 
diseases mediated by IgE was created.12 Immunotherapy is a 
treatment which consists of inducing immune tolerance by 
administering the allergen (pollen, dust mites, pet hair, etc.).13 
This treatment seeks to reduce symptoms in allergic patients 
related to rhinitis, conjunctivitis, and allergic asthma.13

One explanation for the success of immunotherapy is 
to change the profile of antibodies developed against the 
allergen, leading to an increase in allergen-specific IgG, a 
decrease in specific IgE, in addition to IgA synthesis.14 Some 
studies have reported modulation of the antibody profile 
between IgG and IgE, where IgG4 would act by blocking the 
interaction between IgE and allergen, consequently leading 
to an IgE neutralization mechanism.15 There are also long-
term immunotherapy studies that demonstrate change in 
lymphocyte profile, from Th2 to Th1, as well as an increase 
in the number and functions of regulatory T lymphocytes.16

Considering the relevance of antibodies in the patho-
physiology of allergic diseases, as well as their role in 
the mechanisms of specific allergen immunotherapy, in 
this study, we compared the concentration of serum IgE, 
IgG, and IgA antibodies specific for Der p 1 and Der p 2 of 
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Biosciences) were sensitized with 1 µg/mL of Der p 1 or 
Der p 2 diluted in carbonate buffer. After incubation for 
15–18 h at 4°C, the plates were washed for four times with 
phosphate buffer solution (PBS) plus Tween® 20 (PBS-T 0.1%; 
Promega, Madison, WI, USA). The plates were blocked for 
one hour at room temperature with PBS-T plus 1% bovine 
serum albumin (PBS-T-BSA 1%). After blocking, the plates 
were washed again, followed by the addition of serum sam-
ples (IgE/Der p 1 – 1: 6; IgE/Der p 2 – 1:16; IgA/Der p 1 – 
1:60; IgA/Der p 2 – 1:80; IgG/Der p 1 – 1:150; and IgG/Der 
p 2 – 1:300) and incubated for another two hours at room 
temperature. After rewashing, biotinylated secondary anti-
IgE antibody (1:1000), anti-human IgG, and anti-human IgA 
conjugated to peroxidase were added and incubated for 
one hour at room temperature.

The IgE plates were washed again and incubated with 
an Avidin-peroxidase solution (1:1000 Avidin peroxidase; 
eBioscience) for 30 min at room temperature. After another 
washing cycle, the plates were added 50 μL of tetrameth-
ylbenzidine reagent (TMB®; BD Biosciences). After 20 min, 
the reaction was stopped with 50-μL sulfuric acid (30%) and 
the absorbance was read at a wavelength of 450 nm using a 
microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Concentration of the samples was estimated as arbi-
trary units per milliliter (AU/mL) by comparing with a 
standard curve using a serum with high levels of IgA or IgG 
specific to Der p 1 or Der p 2. For the evaluation of anti-
body levels, the cut-off was performed (mean + two times 
the standard deviation [mean + 2 × SD]) to determine the 
cut-off level of specific IgE, IgG, and IgA antibodies to Der 
p 1 and Der p 2.

After the D’Agostino–Pearson test, we used Student’s 
t-test and Bartlett’s test to verify the existence or not 
of homogeneity between the variances, followed by the 
analysis of variance (ANOVA). Evaluation of the correla-
tion between the levels of antibodies was done by the 
Spearman’s method. All analyses were performed using 
Prism 4.00 Software (Graph Pad Softawer Inc.).

Results

This analytical and observational study made it possible to 
evaluate the quantification of antibodies from the results 
obtained. Of the 142 participating individuals, 98 formed 
the allergic group and 44 were in the control group. In the 

allergic group, there was a higher proportion of patients 
with asthma and allergic rhinitis, followed by allergic con-
junctivitis; atopic dermatitis; food allergy, and wheezing 
infants. All members of the control group had a negative 
result for the determination of specific antibodies to Der 
p 1 and Der p 2 (Table 1).

The mean age of the groups was 21.3, while the median 
was 24. There was a statistically significant difference in 
age between the groups analyzed. Determination of serum 
levels of specific antibodies to Der p 1 and Der p 2 was 
performed by ELISA. To assess the levels (anti-Der p 1 and 
anti-Der p 2) observed, and to compare them between the 
two groups, we adopted as a cut-off criterion the mean 
value of specific antibody for each of the subtypes (IgE, 
IgG, and IgA), plus two standard deviations (Figures 1–3). 
Values above this cut-off point were considered high. Thus, 
the results showed that allergic patients had higher levels 
of specific antibodies to Der p 1 and Der p 2 compared with 
controls for all evaluated antibodies.

Then we performed the correlation test between spe-
cific IgE, IgG, and IgA antibodies to Der p 1 and Der p 2 of 
the allergic group (Figures 4A–C and 5A–C). Despite the dif-
ference found between specific IgE and IgG levels for both 
Der p 1 and Der p 2, there was a correlation between the 
levels of specific IgE and those of IgG and IgA specific to 
both allergens. The strength of the correlation was greater 
between IgE and IgG (r = 0.7153 for Der p 1 and 0.6954 for 
Der p 2) than between IgE and IgA (r = 0.3792 for Der p 1 
and 0.4884 for Der p 2).

Discussion

The progression of atopy is a sequence of development of 
allergic diseases. Most of the time it starts in childhood 
with eczema and progresses to asthma and rhinitis, and 
this progression of allergic reaction is known as “atopic 
march.”19 More than 90% of asthma cases in children are 
associated with a state of atopy.20 This increase may be 
due to better recognition of the disease, an increase in 
genetically predisposed individuals, and environmental fac-
tors such as pollution, diet, or exposure to allergens.21 The 
present study evaluated the associations and comparisons 
of specific IgA and IgG antibodies and sought to understand 
the possible relationship between specific IgA and IgG anti-
bodies in allergic reactions.

Table 1  Demographic data on the individuals that participated in the study.

Allergic Healthy control

Gender 51F      47M 27F      17M
Age (Years old)* 26,2 ± 11,7 21,2 ± 9,3
Clinical diagnostic Asthma 43% 0%

Atopic dermatitis (AD) 14% 0%
Food allergy (FA) 8% 0%
Wheezing infant 3% 0%
Allergic conjunctivitis 32% 0%

* Values expressed in range and standard deviation.
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Figure 2  (A) Quantification of Der p 1-specific IgG; (B) Der p 2 in allergic patients (n = 98) and controls (n = 44). The results 
are expressed in arbitrary units per milliliter (AU/mL). The cut-off value (average + 2 × SD) is indicated on the dotted line. The 
patient’s antibody levels are compared with the healthy control by the Student’s t-test (***P < 0.0001, **P < 0.005).
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Figure 3  (A) Quantification of Der p 1-specific IgA; (B) Der p 2 in allergic patients (n = 98) and controls (n = 44). The results 
are expressed in arbitrary units per milliliter (AU/mL). The cut-off value (average + 2 × SD) is indicated on the dotted line. The 
patient’s antibody levels are compared with the healthy control by the Student’s t-test (*P < 0.05).
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Figure 1  (A) Quantification of Der p 1-specific IgE; (B) Der p 2 in allergic patients (n = 98) and controls (n = 44). The results 
were expressed in arbitrary units per milliliter (AU/mL). The cut-off value (average + 2 × SD) is indicated on the dotted line. The 
patients’ antibody levels were compared with the healthy control by the Student’s t-test (***P < 0.0001, **P < 0.005).

The difference observed between the levels of IgE as 
shown in Figures 1A and B was already expected, since the 
presence of IgE specific to the mite was the criterion for 
the formation of groups. This quantification demonstrates 
that the members of the allergic group were also sensitive 
to the main allergens in the Der p mite, different from the 
control group. These results corroborate those found in 
literature, since other authors assessed the levels of IgE 

antibodies specific to Der p 1 and Der p 2 between atopic 
and non-atopic patients, and observed a similar result.22

Although present in allergic inflammation, we observed 
in our results that allergic patients showed high levels of 
IgG specific to Der p 1 and Der p 2 concerning controls. 
It is worth mentioning that affinity maturation and anti-
body class change are the central processes in establish-
ing effective B cell memory. Affinity maturation is the 
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Figure 4  Correlation between the levels of specific antibodies to Der p 1 for patients in the allergic group. (A) Correlation 
between IgA and IgE; (B) correlation between IgG and IgE; and (C) correlation between IgA and IgG. The analyses were performed 
using the Spearman correlation coefficient (r), n = 98.
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Figure 5  Correlation between the levels of specific antibodies to Der p 2 in patients of the allergic group. (A) Correlation 
between IgA and IgE; (B) correlation between IgG and IgE; and (C) correlation between IgA and IgG. The analyses were performed 
using the Spearman correlation coefficient (r), n = 98.
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diseases is complex and influenced by several factors, fur-
ther studies are required to understand and clarify them.
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