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Abstract: Indoor conditions contribute to allergen sensitization and multiple allergens reactivity,
mainly for inhaled allergens. This study analyzes if Skin Prick Test (SPT) combined with efficient
individual biomedical guidance about allergy development’s social, biological, and environmental
aspects can yield a better clinical state with therapeutic implications for atopic individuals with
high indoor permanence. We recruited atopic and non-atopic volunteers (clinically and in vitro
diagnosed) with indoor permanence above 15 h per day and without previous SPT evaluation. The
SPT and serum anti-allergen IgE analyses were performed individually in person, demonstrated,
and discussed by the practitioners. Six months after, SPT and specific IgE titers determination were
repeated, and a questionnaire to evaluate the effectiveness of the practitioner’s orientation was
performed. After six months, 14% of atopic volunteers reported changes in their social habits, 30%
said that they avoid the development of allergies clinical symptoms, and 68% reported a substantial
improvement in their health after being informed mentored about their allergen reactivity. The
control non-atopic group, as expected, reported no changes in social habits, the maintenance of total
avoidance of allergic symptoms, and almost no improvement of their health. Reduced SPT and serum
allergen-specific IgE titers were detected in the atopic individuals corroborating with questionnaire
results. Our results indicated that SPT, followed by an individual and efficient discussion about the
main biomedical aspects of allergy development, could exert a pronounced therapeutic role in allergy
development by high indoor permanence individuals.
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1. Introduction

Large urban centers have influenced citizens’ customs, which has remained more time
in indoor conditions. This feature directly affects the pattern of allergens to which these
individuals are being exposed and favors the development of clinical allergy symptoms.
Because of its growing importance in public health, all strategies that can improve the
control of human allergy development must be considered.

Many medical devices are available to diagnose, prevent, treat, and monitor allergies,
yielding sophisticated diagnostic and management processes that require integrated health
care systems [1] that are not frequent in developing countries.
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In this context, currently, testing for allergen-specific IgE is helpful, indicating the
presence or absence of IgE sensitization in suspected allergic conditions, but other in vitro
and in vivo tests were frequently used [2]. The skin prick test (SPT) represents the first
level of diagnosing IgE-mediated allergy, and it is safe, has high sensitivity, reasonable
specificity, and can exert an educational character [3].

When performing an SPT, an allergen is introduced through a lancet into the skin
where mast cells degranulate due to the cross-linking of anti-allergen IgE bound to their
membrane receptors. This degranulation leads to the immediate release of histamine and
other mediators, inducing a cutaneous response, clinically characterized by a wheal that
can be measured, and its size is directly related to the degree of cutaneous sensitivity. This
test has particular importance in diagnosing allergies mediated by inhaled allergens [4,5].

To avoid clinical symptoms of allergy reactions is necessary to identify allergens that
can induce clinical symptoms on each individual [6]. We consider as crucial that the atopic
individual might know specifically the allergens that can trigger its allergic reactions.
Furthermore, the growing indoor habit in urban zones can intensify the exposure and
development of allergies, difficult to identify specific allergens. We also need to consider
that SPT usage in public health systems is very limited in developing countries.

Thus, we hypothesized that the acquisition of indoor habits by atopic individuals who
did not have access to an SPT and could not identify the main allergens that can induce clinical
manifestations can lead to an allergy development cycle implicating a public health problem.

Therefore, we aimed to perform a study to evaluate if SPT combined with biomedical
counseling can exert some therapeutic effect on allergy development, mainly for those
atopic individuals with high indoor permanence.

2. Materials and Methods
2.1. Study Population

Initially, we disclose our study in a randomized manner using social networks during
the second half of 2017. Questionnaires to collect sociodemographic information were
administered to 1256 volunteers interested in the survey to select those representing a
typical urban life profile that we wanted to evaluate. We also considered the place of
residence of the volunteers to cover the five central urban regions of the city of Sao Paulo
(Sao Paulo state-Brazil).

After analyzing the data obtained with the primary analyses, during 2018 and 2019,
we could recruit 157 atopic volunteers that declare to have previous laboratory diagnoses
(IgE-specific titers to allergens). These volunteers were evaluated to confirm their clinically
allergic state (confirmed by medical consultation where clinical symptoms of allergies,
including rhinitis and asthma, could be evidenced) and, those that had the allergic state
confirmed were selected with the following inclusion criteria: those who were born and
always lived in urban zones of the Sao Paulo city; that still inhabit residences with access
to the sewage network; that had never been submitted to skin SPT; and that remains at
least 15 h a day indoors with air conditioning.

As exclusion criteria, we consider volunteers with severe eczema or dermographism or
who used any of the following within 15 days before the test: antihistamines, glucocorticos-
teroids, or other systemic drugs that can influence SPT results. After the application of these
inclusion and exclusion requirements, our final number of atopic volunteers considered
in this study was 132 with a mean age of 42.53 years (±3.78), from both sexes (72 females
and 60 males) and with a mean of indoor permanence time of 15.78 h (±0.52). Due to
specific requirements for inclusion and exclusion in the study, the number of participants
could be considered adequate for this study. Volunteers were instructed to maintain the
same dose and frequency of anti-allergic medications during the assessment period as they
used previously.

As a control group, we recruited 152 volunteers that declare to be non-atopic when
answering the questionnaire. These individuals were evaluated to confirm their clinically
non-atopic state (confirmed by medical consultation where clinical symptoms of allergies
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were absent). Their non-atopic state was also confirmed by the absence of skin prick test (SPT)
reactivity to all tested allergens and undetectable anti-allergen IgE titers in serum. Volunteers
with the confirmed non-atopic state were submitted to the same inclusion criteria adopted
for the atopic group (those who was born and always lived in urban zones of the Sao Paulo
city; that still inhabit residences with access to the sewage network; that had never been
submitted to skin SPT; and that remains at least 15 h a day indoors with air conditioning).

After the application of the inclusion requirements, our final number of non-atopic
volunteers considered in this study was 102 with a mean age of 33.71 years (±3.11), from
both sexes (63 females and 39 males) and with a mean of indoor permanence time of 13.45 h
(±0.47).

All numerical parameters obtained after grouping our volunteers were compared
between atopic and non-atopic individuals, and no statistical significance was observed.

The local and national ethics committees approved this study (Certificate of Presenta-
tion of Ethical Appreciation: 80280417.8.0000.8114), and all volunteers obtained informed
consent. All the procedures, including humans, are following the Helsinki Declaration.

2.2. SPT

SPTs were performed following European standards [7] and using an adapted panel
of allergens that included a profile of Brazilian allergens. We tested allergens with origin in
16 different species grouped in 7 different extracts (Supplementary Table S1). Briefly, one
drop of each allergen extract, histamine (positive control), or the allergen diluents (negative
control) provided by IPI ASAC was applied to the volar forearm. A superficial skin punc-
ture was made through each allergen or control drop using a single-head metal lancet (Alko,
Sao Paulo, Brazil) without inducing bleeding. After 15 min, the results were obtained by
measuring the transverse diameter of each wheal reaction. Only volunteers with a positive
control wheal diameter greater than 5 mm were considered in this study. Wheals with a
diameter of 5 mm higher than the negative control were deemed to be positive results. All
atopic patients (reactive to at least one tested allergen) were conducted to an individual
in-person discussion about biomedical aspects and their relation to occupational, social,
and environmental aspects related to their skin reactivity by an allergist. This discussion
aimed to demonstrate the primary sources of the allergens that induce SPT reactivity, avoid
exposition and apply cleaning methods to reduce allergens exposure. This orientation
was performed using World Allergy Organization (WAO) professional standards on aller-
gen avoidance (available in: https://www.worldallergy.org/education-and-programs/
education/allergic-disease-resource-center/professionals/allergen-avoidance/ accessed
on 31 August 2021).

Briefly, volunteers received precise information about humidity control, the use of
acaricides, good care of beds and bed covers, washing procedures, use of a high-efficiency
vacuum cleaner, pets washing, air filtration, integrated pest management (IPM), how to
preventing pest access, encasing pest food supplies and moisture control.

2.3. Blood Samples Obtainment

Blood samples were obtained in the initial stage of our study to confirm volunteers’
atopic state and generate pieces of evidence about allergen-reactivity to atopic individuals.
When performing the therapeutic effectiveness evaluation, an additional blood sample was
obtained from each individual. The blood samples were centrifuged, and the serum was
fractionated and stored at −80 ◦C until anti-allergen IgE determination.

2.4. Serum Anti-Allergen IgE Determination

According to the manufacturer’s instructions, serum-specific IgE antibodies have been
measured with a multiplex immunoblot assay (EUROLINE Inhalation 2-EUROIMMUN
AG, Lubek, Germany). The tested extracts are described in Supplementary Table S2. Briefly,
the strips were incubated with patients’ sera, and, after the washing step, the strips were
incubated with alkaline phosphatase-conjugated anti-human. After the second washing

https://www.worldallergy.org/education-and-programs/education/allergic-disease-resource-center/professionals/allergen-avoidance/
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step, the strips were incubated with the chromogen/substrate solution. The reaction was
stopped by washing, and the strips were evaluated with the EUROLineScan software
(EUROIMMUN, Lubek, Germany) to obtain quantitative results.

The intensity of the bands was measured and converted into a score from zero to
six was divided into the following concentrations (all expressed in kU/L): class 0 < 0.35;
class 1 < 0.7; class 2 < 3.5; class 3 < 17.5; class 4 < 50.0; class 5 < 100.0; class 6 ≥ 100.0.
According to the manufacturer’s instructions, individuals who have a reactivity equal to or
higher than grade 2 frequently develop clinical symptoms. Therefore, because we aimed to
generate additional biological evidence for symptomlessness reporting, we consider only
individuals with reactivity equal to or above class 2 in our analyses.

2.5. SPT Therapeutic Effectiveness Evaluation

Six months after the volunteers’ recruitment to perform SPT, Serum IgE evaluation, and
individual in-person discussion about biomedical aspects and their allergic reactivity, all
tested volunteers were reconvened to answer questions about the therapeutic effectiveness of
the adopted procedure. The applied questions were the following: i—Have you changed your
social habits after SPT results?; ii—Could you avoid the development of allergies entirely?;
iii—The result of the SPT collaborated with an improvement of your health?

The volunteers were guided to “yes or no” answers, and the parameters used to
validate each question are described below:

Question i Yes, it was considered valid only if at least one regular social habit was wholly
avoided during the analysis period.

Question ii Yes, it was considered if the volunteer did not develop any of the previously
described clinical symptoms of allergies during the analysis period.

Question iii Yes, it was considered if the volunteer could precisely describe a health
improvement related to decreased use of continuous medication, decreased
workday loss, and the implementation of a previously avoided activity due
to allergy manifestations.

All volunteers who answer “yes” in at least one of the performed questions were
submitted to a second validation question: Can you confirm that the observed alterations
are due to the knowledge gained from SPT? Moreover, only those that answered “yes” to
this second question were included in their result group. These questions were previously
validated in a local therapeutic evaluation study comparing allergic and non-allergic
individuals submitted to SPT. After answering the questions, the volunteers were subjected
to a new medical consultation to confirm that the items were answered correctly. The
supplemental Figure S1 illustrates the therapeutic effectiveness evaluation scheme.

2.6. Statistical Analyzes

The data obtained in the SPT and IgE evaluations were not statistically compared
because the non-atopic group presented only undetectable/negative results, which made
the difference between the groups evident. A similar profile was observed in the results
obtained with the therapeutic effectiveness evaluation questionnaire.

3. Results

SPT results demonstrated that all atopic subjects with high indoor permanence are
reactive to inhaled allergens extracts and demonstrated that the most frequent reactivity
could be detected in response to house dust mite extract (HDM, n: 122, 92.4%), followed by
fungi (n: 80, 60.6%), grass (n: 60, 45.4%), cat (n: 57, 43.1%), dog (n: 56, 42.4%), cockroaches
(n: 29, 21.9%), chicken feather (n: 15, 11.3%-Figure 1A). Evaluating the simultaneous
reactivity of our atopic subjects, we could observe that all of them (n: 132, 100%) co-reacts
to at least two allergens extracts and most from three to six different allergens extracts
(Figure 1B). Some of them could simultaneously react to all tested extracts. As the absence
of SPT reactivity was an inclusion criterion in the non-atopic group, the results obtained
were all negative and not shown.
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Figure 1. SPT reactivity, serum specific-IgE titers, and individual orientation effectiveness. Atopic (n:
132) or non-atopic (n: 102) volunteers with high indoor permanence were submitted to SPT, and the
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number of reactive and co-reactive atopic subjects was evaluated before personal social/biolo-
gical/environmental orientation (A–D) and six months later (F–I). SPT reactivity (A,F) was eval-
uated in pooled extracts with the following composition, HDM: Dermatophagoides farinae and Der-
matophagoides Pteronyssimus, Fungi: Aspergillus fulmigatus, Penicillium notatum, Alternaria Alternata,
and Cladosporium herbarum, Grass: Alder, Birch, Hazel and Cultivated rye, Cat: Felis domesticus,
Dog: Canis Familiaris, Cockroach: Blatella germanica and Periplaneta americana, Feather: Chicken and
Canary bird. The number of simultaneous reactions for SPT is also demonstrated (B,G). Specific-IgE
serum levels were assessed by immunoblot, and the number of atopic subjects that reach a clinical
symptoms-related IgE titer was demonstrated to each tested allergen (C,H) or grouped similar to SPT
extracts arrangement (D,I). The absence of reactivity in these parameters was an inclusion criterion
recruiting non-atopic subjects, which was maintained until the second evaluation (six months later).
These results were not illustrated. The middle panel (E) shows the frequency of validated answers
“yes” to the three main questions performed at the therapeutic effectiveness evaluation interview for
atopic and non-atopic subjects is shown in the middle panel (E).

Blood samples of all atopic volunteers were also analyzed to evaluate the reactivity
profile of specific IgE antibodies against the most frequent allergens detected in the SPT.
In Figure 1C, we can observe the number of individuals who reach allergen-specific IgE
titers related to clinical symptoms to each of the tested allergens. The IgE reactivity to
HDM, Fungi, Epithelium, and Grass was most frequent (Figure 1C). Grouping these IgE
reactivities as SPT evaluation and evaluating its frequency, we could observe that 74.2% of
the individuals reach clinical symptoms-related IgE titers and the rate of HDM reactivity
was 51.2%, Fungi 37.5%, Grass 17.1%, Cat 20.1%, and Dog 12.8% (Figure 1D) suggesting a
similar profile to those observed on SPT. As the absence of anti-allergen IgE reactivity was
an inclusion criterion in the non-atopic group, the results obtained were all negative and
not shown in the figure.

Six months later, we performed the questionnaire and analyze volunteers’ answers
about allergy development. We could observe that 19 atopic (14.3%) and 1 non-atopic
(1.02%) subject reported changes in their social habits, 40 atopic (30.3%) and 95 non-
atopic (96.9%) subjects reported avoidance of clinical symptoms completely, and 91 atopic
(68.9%) and 3 non-atopic (3.06%) reported a substantial improvement on their health
after been informed about their reactivity to allergens (Figure 1E). In this aspect, we
evaluate the results obtained from non-atopic volunteers to control the questionnaire
efficacy collecting trustworthy answers and to eliminate social habits bias that could
generally influence volunteers.

After collecting questionnaire answers, we repeated the SPT and analyzed the reac-
tivity profile of specific IgE antibodies against the same allergens evaluated before the
questionnaire on both groups. At this time, SPT results demonstrated that the atopic
subjects maintained a similar profile of reactivity to allergens extracts with a reduction
in the frequencies, with the respective reactivities: house dust mite extract (HDM, n–99,
75.5%), fungi (n: 61, 46.2%), grass (n: 42, 31.8%), cat (n: 34, 25.7%), dog (n: 31, 23.4%),
cockroaches (n: 21, 15.9%), chicken feather (n: 12, 9.0%-Figure 1F). A comparative table
between the results obtained at the initial evaluation and six months later can be observed
on supplementary material (Table S3). We could also observe that the simultaneous reac-
tivity to at least two extracts observed on atopic subjects was maintained (n: 132, 100%).
An augmented frequency of atopic individuals that co-react to two and three allergens
and a diminished frequency of atopic individuals that co-reacts to five, six, and seven
allergens were observed (Figure 1G) compared to the initial observations. The absence of
SPT reactivity was maintained in all non-atopic individuals, and this data was not shown.

In Figure 1F, we can also observe that the number of atopic individuals that reach
allergen-specific IgE titers is also reduced compared to the initial observation, but the
reactivity profile was maintained with HDM, Fungi, Epithelium, and Grass as the most
frequent (Figure 1F). Performing the same grouping of these results as demonstrated in
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the initial results, we could observe that the frequency of all evaluated allergens was
reduced, with 55.6% of the atopic individuals reaching clinical symptoms-related IgE titers
(Figure 1G). Between those atopic individuals, the rate of HDM reactivity was 37.2%, Fungi
23.7%, Grass 13.7%, Cat 13.7%, and Dog 9.8% (Figure 1G). The absence of anti-allergen IgE
reactivity was maintained in all non-atopic individuals, and this data was not shown.

4. Discussion

Several studies evaluating SPT reactivity can be found in the literature, but they
usually consider geographic [8–10], unhygienic living conditions [11], or smoking [12] and
not specific urban behaviors as we evaluated here.

In a well-designed study that evaluated the profile of SPT reactivity to environmental
aeroallergens in 35 centers in 15 developed European countries, the most frequent sensitiz-
ing allergen was HDM, with a prevalence ranging from 50% to 70% in atopic individuals [9],
a lower frequency compared to our results.

This observation suggests that the pattern of SPT reactivity detected in our results
is slightly higher than the literature, suggesting that the high indoor permanence can be
related to polyallergic responsiveness.

Some studies had also evaluated the capacity of individuals to react to more than one
allergen, the co-reactivity or poly-reactivity simultaneously. In 2008, the SPT co-reactivity
of Brazilian individuals was assessed, and this work demonstrates that nearly 50% of the
evaluated individuals develop a co-reactivity to more than one allergen [8]. A similar
approach was made in Pakistan, where the researchers evidenced a co-reactivity of nearly
78% [13]. Our results demonstrated a co-reactivity of 100% of the atopic individuals
allowing our volunteers to be characterized as polyallergic individuals.

In an extensive revision of the literature (from 1970 to 2005), it was observed that
in vivo evidence of cutaneous reactivity by SPT cannot accurately predict the capacity of
an individual to develop clinical allergy manifestations. Still, a good relationship between
its results and allergy development is a consensus in the literature [3].

Regarding the SPT therapeutic effectiveness on allergy development, the select atopic
individuals must never perform SPT. Our study aimed not only to evaluate allergenic skin
reactivity, but we designed this study to collaborate with the generation of some therapeutic
action on allergy development since SPT can exert this role for the patient [5]. The SPT
results were individually discussed in terms of social, biological, and environmental aspects.
They were interviewed six months later to generate evidence about this role.

Our results demonstrated that almost 70% of the atopic volunteers could report a
substantial improvement in their health after being informed about SPT results. What was
highly significant compared to the control non-atopic group was that almost none reported
improved health. Furthermore, near the third part of atopic individuals also reported
avoiding clinical symptoms of allergic reactions while, as expected, almost all non-atopic
volunteers could maintain the absence of allergic reactions. Considering that all atopic
individuals were recruited with the inclusion criteria of confirmed clinical symptoms, this
result strength the suggested health improvement.

Together, those observations strongly corroborate with the hypothesis of SPT exerting
some therapeutic role for the patient.

We further suggest that this could result from acquiring knowledge about allergens
individually capable of triggering allergy symptoms yielding the avoidance of contact
with specific sources of allergens and consequently preventing allergic manifestations.
This effect is described mainly for food allergies, with few observations that evaluated
inhaled allergens.

Regardless of the type of allergen, the precise diagnoses can be directly related to
allergen avoidance but usually requires complex allergy tests as oral food challenge [14]
and the nasal allergen challenge [15] that are not easy to access in developing countries.
Furthermore, SPT is the most common test for allergy diagnosis [14], suggesting that our
observations had broad application in allergic disease management.
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These observations are rare in the literature where usually therapeutic aspects dis-
cuss mainly the effect of oral and epicutaneous immunotherapies, although the SPT was
performed and demonstrated high sensitivity [15].

We also repeated the SPT at the therapeutic interview and obtained new blood sam-
ples to compare these parameters with the initial evaluation. Briefly, both tests and all
parameters demonstrated some reduction near a 30% rate. These results corroborate with
the suggestion of reduced clinical symptoms, as evidenced by the interview. As expected,
the volunteers could not substantially negate the reaction observed by the SPT. Still, the
literature already described that skin reactivity hardly becomes negative in a six-month
follow-up [16].

Finally, it is essential to highlight that we could not find similar literature approaches
where the indoor permanence time was considered an inclusion criterion to elaborate
a deep discussion about our observation. Additionally, we also need to consider that
the world pandemic state that started right after the conclusion of this study had lasted
more than a year and that several countries have adopted social isolation to control the
dissemination of COVID-19; our data may acquire great importance in the coming years.

5. Conclusions

Some limitations of our study need to be indicated, and those include that we did note
evaluated that avoiding allergens and changing social habits could influence the quality of
life in our volunteers. Although, our results suggest that SPT followed by social, biological,
and environmental guidance individually performed and using WAO avoiding allergens as
a reference can efficiently collaborate as a therapeutic tool preventing allergy development
in individuals that remain in indoor conditions.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/biologics1020014/s1, Figure S1. An eschamatic illustration of the therapeutic effectiveness
evaluation of SPT used in our study, Table S1. Characteristics of the allergen extracts used in SPT,
Table S2. Characteristics of the allergen extracts used in multiplex immunoblot assay (EUROLINE).
Table S3. Comparative SPT results obtained before and six months after in-person discussion about
allergen avoidance.
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