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ABSTRACT

Background: Sensitization to Blomia tropicalis (Bt) is very frequent in the tropics, and particularly
in Cuba, being a significant cause of allergic asthma. Allergen immunotherapy (AIT) with Bt can be
a therapeutic option, however, placebo-controlled clinical trials have not been reported.

Objective: To assess the therapeutic effect and safety of AIT for asthma using a standardized
allergen vaccine of B. tropicalis by subcutaneous route, in allergic asthmatic patients exposed and
sensitized to this mite species.

Methods: A double-blind, placebo-controlled Phase II trial was conducted in 35 adults (18 with
treatment and 17 with placebo), with mild to moderate asthma, predominantly sensitized to Bt. AIT
was administered subcutaneously in increasing doses from 4 to 6000 Biological Units using a
locally manufactured standardized extract (BIOCEN, Cuba). Patient assessment was performed
using symptom-medication score (SMS), peak expiratory flow and skin reactivity relative to His-
tamine as measured by skin prick test (SPT).

Results: The 12-month treatment achieved a significant (p < 0.001) decrease of SMS. Symptom
score showed only 41% (CI: 26–61) of placebo values, whereas medication was 34.5% (22.4%–

63.3%). Treatment was regarded clinically effective in 67% of patients (OR 32; 95%CI: 17 to 102).
The effect size on symptoms and medication was higher than has been reported with equivalent
allergen dosages of D. pteronyssinus and D. siboney in Cuban asthmatic patients. Skin reactivity to
Bt was also significantly reduced (p ¼ 0.0001), increasing 148-fold the allergen threshold to elicit a
positive skin test. This desensitization effect was specific to Bt and did not modify the reactivity to
Dermatophagoides. The change of specific skin reactivity was significantly (p < 0.05) correlated to
clinical improvement. All adverse events were local with a frequency of 2.4% of injections.

Conclusions: Subcutaneous AIT with Blomia tropicalis was effective and safe in asthmatic adults
exposed and sensitized to this mite species in a tropical environment.
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INTRODUCTION treatment of mild to moderate asthma in sensitized
World Health Organization (WHO) reports that
approximately 235 million people worldwide have
asthma.1 In Latin American, several studies confirm
an increasing trend in asthma prevalence.2

Prevalence in Cuba is also high, ranging from
8.5% to 10% of adults and up to 17.8% of
children.3,4 In addition, the direct and indirect
costs of asthma represent a major economic
burden to the Cuban health care system and
society.5

House Dust Mite (HDM) allergens are strongly
involved in the pathogenesis of allergic asthma. In
addition to well-known Dermatophagoides spe-
cies, sensitization to Blomia tropicalis is highly
prevalent in several "Latin American" countries,
e.g. Brazil, Colombia, Cuba, and the Caribbean,
which are regions with humid tropical climates.6–10

Particularly, in Cuba the sensitization frequency to
B. tropicalis among asthmatics has been reported
to be similar to Dermatophagoides pteronyssinus
and D. siboney.11–13 Unlike the species
belonging to the Pyroglyphidae family (e.g.
Dermatophagoides), the allergens of Blomia
tropicalis share limited sequence homology and
cross-reactivity with them.6,11,13 These species
have unique allergenic molecules and a
distinctive profile of major allergens. Thus,
sensitization to Blomia results from relevant
exposure to this mite, frequently found in the
house environment including house dust and not
as a consequence of cross-reactive IgE anti-
bodies.6,11–17

Allergen immunotherapy (AIT) is still considered
a cornerstone of the management of allergic dis-
eases (allergic rhinitis and asthma) as the only
disease-modifying treatment for allergic patients
and it is effective in reduction of symptoms and
medication usage.18–21 HDM SCIT is indicated for
patients, supported by extensive clinical data using
standardized allergen extracts of D. pteronyssinus
and D. farinae.20 In contrast, very little is known
about AIT with Blomia tropicalis, and no reports
of rigorous randomized controlled clinical trials
have been published. Therefore, establishing the
efficacy and safety of AIT to B. tropicalis is
important for countries with high prevalence of
sensitization to this mite because of the
economic costs/burden of allergic asthma to
health care system. Thus, the aim of this work was
to assess the efficacy and safety of a
standardized allergen vaccine of Blomia tropicalis
by subcutaneous route in allergic asthmatic
adults sensitized to this mite species.
METHODS

Study design

A Phase II (therapeutic effect), double-blind,
placebo-controlled, randomized clinical trial was
performed in 35 adult allergic patients, with mild
to moderate persistent asthma. Eighteen patients
received active treatment with injections of the
Blomia tropicalis allergen extract and seventeen
received placebo. The trial was conducted at the
Allergy and Immunology Service of the “Calixto
García” University Hospital in Havana (Code in the
Cuban Public Registry of Clinical Trials:
RPCEC00000026).22 The study was designed and
conducted according to international guidelines
for Good Clinical Practice and was approved by
the Research Ethics Committee of the clinical site
and the Cuban medicine regulatory authority
(CECMED).

Treatment

Allergen injections were administered by sub-
cutaneous route in a dose escalation scheme, first,
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an induction phase with weekly injections during
the first 13 weeks, followed by a maintenance
phase of monthly injections up to 12 months
(Table 1). The standardized allergen extract
VALERGEN-BT (Blomia tropicalis) developed and
manufactured by BIOCEN (Bejucal, Cuba) was
used. This allergen product is licensed in Cuba as
medicine. Standardization is expressed in Biolog-
ical Units (BU) according to the definition of Nordic
Guidelines for the Registration of Allergen Prod-
ucts, which takes Histamine HCl 10 mg/mL as a
reference for defining the biological activity at
10 000 BU/mL.23 The maintenance dose was 6000
BU, which is equivalent roughly to 150 mg of total
protein and 60 mg of the fraction between 12
and 21 Kda encompassing the allergens Blo t 5,
Blo t 21, Blo t 13 and Blo t 2.24 The extract is
available as a freeze-dried product, which is
reconstituted in an aqueous phosphate buffered
saline (PBS) albumin diluent. Both the active and
control group received concomitant symptomatic
treatment consisting of antihistamines, broncho-
dilators, b2-agonists, and oral steroids, as pre-
scribed by "blinded" physicians.
Week Concentration (BU/mL)

1 20

2 20

3 20

4 200

5 200

6 200

7 2000

8 2000

9 2000

10 2000

11 20000

12 20000

13 20000

27 to 52 20000

Table 1. Dosing schedule
Participants

The study involved men and women aged 16–45
years with clinical diagnosis of mild to moderate
persistent asthma diagnosed according to GINA
guidelines,25 possibly including concomitant
manifestations of rhinitis, atopic dermatitis, and/
or conjunctivitis. Diagnosis of allergic asthma was
based on clinical history and confirmed by PEF
measurement and the airway response
reversibility test with bronchodilators. Patient's
allergic status was supported by a positive skin
prick test (SPT) to Blomia tropicalis allergen
extract (BIOCEN, Cuba, 20 000 BU/mL) and
clinical assessment consistent with allergic
respiratory symptoms (cough, wheezing, chest
tightness and dyspnea) upon exposure to house
dust. The skin test was considered positive if the
wheal diameter was greater or equal to 3 mm. In
addition to Blomia tropicalis, reactivity to
D. siboney and D. pteronyssinus was also tested.
Since strict monosensitization in this case is very
difficult, patients with predominant sensitization
to Blomia tropicalis (i.e. with a reaction size larger
Volume (mL) Dose (BU)

0,2 4

0,5 10

1 20

0,2 40

0,5 100

1 200

0,2 400

0,4 800

0,6 1200

0,8 1600

0,1 2000

0,2 2000

0,3 6000

0,3 6000
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than 2 mm, with respect to the other mite species)
were selected. Patients were excluded from the
trial if they had been treated with AIT in the last
2 years, or if they had had severe intermittent or
persistent asthma or received immunostimulant
or immunosuppressive treatment one year prior
to the study.
Outcomes

The therapeutic effect was measured through
symptom and medication scores, and the combi-
nation of both as the main endpoint. In addition,
lung function and skin reactivity relative to hista-
mine (Ch10) were used also as secondary
outcomes.

Symptom and Medication (SM) scores were
collected using a form completed by the patient
with a 4 level scale with the following values:
0 ¼ absent, 1 ¼mild, 2¼moderate, 3 ¼ severe, for
each symptom manifestation (cough, wheezing,
chest tightness, and dyspnea). In addition, Medi-
cation Score measured the frequency of drug
intake. Each time a drug was consumed the score
was incremented by 1 point, except oral steroids
that were worth 2 points. At the end of the month,
all points were summed up.26,27 For the
semiannual partial evaluations (at months 6 and
12) the values of the last 2 months were
averaged: 5–6, and 11–12 months, respectively.
Baseline pre-treatment value was established
measuring SM scores during 1 month. For
comparing with published meta-analysis the Stan-
dard Mean Difference (SMD) was calculated (i.e.
difference between active and placebo, divided by
the standard error) according to Cochrane
methodology.28

Allergen specific reactivity was assessed by
(SPT) to Bt, Dp, and Ds allergen extracts at 20,000
BU/mL. Stainless steel lancets with tips of 1 mm
(ALK, Denmark) were used according to Dre-
borg.29 Histamine HCl 10 mg/mL was used as a
positive control, and PBS as negative control. In
order to record the test results, a line was drawn
around the wheal and transferred to a
transparent adhesive tape, which was finally
taped on to the data recording book. The largest
and the orthogonal diameters were measured on
the wheal drawing, and the mean diameter was
calculated. Furthermore, the mean diameter (d)
between the 2 arms was calculated. The test was
considered valid if the difference between both
arms wheals was less than 2 mm for wheals
between 3 and 6 mm, or less than 3 mm for
larger wheals; besides being positive for
Histamine (positive control) and negative for the
diluent solution (negative control). The test was
considered positive for d � 3 mm. Wheal area
was calculated from the mean diameter (d)
according to the expression: A ¼ p (d2/4).
Allergen specific reactivity was calculated relative
to the Histamine HC 10 mg/mL, using this
expression:29,30

Ch10 ¼ ðAa=AhÞ2:5

(where Aa: allergen wheal area; Ah: histamine
wheal area).

Pulmonary function was measured through peak
expiratory flow (PEF) with the use of a portable PEF
meter (Ferraris, UK). This measurement was per-
formed daily by the patient at home, whereas daily
PEF variability was calculated by the
physician.31,32

A secondary dichotomical variable was used to
assess the overall clinical improvement (OCI) of
each patient, with two levels: “better” and “not
better”. The “better” value was assigned when the
symptom/medication score was reduced below
60%,26 with respect to the baseline value and the
skin reactivity (Ch10) and lung function category
did not worsen with respect to the beginning of
the treatment.

Safety assessment

Adverse reactions were recorded and classified
as local or systemic, or immediate or delayed.31

Local reactions were assessed by erythema
diameter. Local immediate reactions with a
diameter of less than 5 cm and delayed reactions
of less than 10 cm were considered mild.
Systemic reactions were graded in accordance
with the World Allergy Organization (WAO).33,34

Statistical methods

The statistical package GlaxoWellcome C4-SDP
was used for the calculation of the sample size
and randomization to intervention groups. Thus,
the sample size needed to obtain a relevant preset
minimum difference, between two proportions
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from two groups P1 (placebo) and P2 (active), was
calculated. The following input data were used:
P2–P1 ¼ 53%; a ¼ 0.05; b ¼ 0.10. Output: required
subjects n ¼ 14. The study used 20 patients taking
into account possible dropouts. For data process-
ing and hypothesis testing the statistical package
STATISTICA v.5.0 (Statsoft, USA) was used.
Outcome data was analyzed in a blinded manner
at the 2 planned evaluative points: 6 and 12
months. Cumulative symptom and medication
scores were calculated at 12 months, as the area
under the curve (AUC), starting from month 1–12,
with linear interpolation in the intervals where no
data was recorded. Testing to normality of vari-
ables was assessed by Kolmogorov-Smirnov and
Shapiro-Wilks tests. Non-parametric methods were
Fig. 1 Flow diagram of the progress through the clinical trial stages
applied to each variable (except skin reactivity,
Ch10). Thus, the central values were expressed by
the median and its 95% Confidence Interval and
comparisons between the active and placebo
groups were performed using the Mann-Whitney
U test. Comparisons within each group with
respect to pre-treatment values were performed
using the Wilconxon test for paired samples. For
Ch10, a log transformation was performed and,
after verification of its adjustment to normality,
parametric methods were applied: the Student test
for comparison between groups, and the Student
test with paired data for comparison within the
same group with respect to the baseline values.
Finally, a correlation analysis between variables
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was performed using from the non-parametric
Spearman correlation coefficient.
RESULTS

Of 178 patients evaluated with asthma symp-
toms, presumably related to exposure to house
dust, and who expressed their consent to take part
in the trial, only 35 patients (19.7%) were selected
(Fig. 1). In patients that failed to meet the inclusion
criteria (122), the most frequent factor (74.6%) was
lack of predominant sensitization to B. tropicalis,
showing either sensitization to D. pteronyssinus
or D. siboney, or polysensitization to the 3 mite
species in a similar degree. Only 31 patients
(25.4%) failed to show a positive response to the
three tested mite species.

As expected by design, the SCIT and Placebo
groups were comparable in terms of demographic
and clinical variables with no statistical differences
(p > 0.05) (Table 2). All 35 included patients
completed the trial. There were no dropouts or
patients who were withdrawn from the study.
Total cumulative dose was 63 035 BU, in an
average of 20.6 injections.

Regarding outcomes, at 12 months of treat-
ment, the clinical symptom score significantly
(p < 0.001) decreased, showing only 20% (95%CI:
16–39%) of the median value of the placebo
group. Medication score also was significantly
(p < 0.001) reduced, achieving 13% (11–36%), as
compared to median value in the placebo group.
Active Group (n ¼ 18) Pl

Sex (M/F) 8/10

Age (years)
Median 32
Range 19–44

Height (cm)
Median 166,5
Range 154,2 - 177

Weight (kg)
Median 72,5
Range 61,2–79.9

Asthma Mild/Moderate 10/8

Table 2. Demographic and clinical characteristics of patients
Thus, the combined symptom/medication score
(the main outcome) significantly decreased to 17%
(14–38%) of the placebo value. The difference be-
tween the active and placebo groups was signifi-
cant (p < 0.01) even at 6 months and deepened at
12 months (p < 0.001). The effect was also signif-
icant as compared to the beginning of the treat-
ment within the active group (p < 0.001) (Fig. 2).

The 12-month cumulative median value for
symptom score was 40.7% (25.7%–61.0%),
whereas the cumulative median value for medica-
tion score was 34.5% (22.4%–63.3%). Then, cumu-
lative SM score rendered a median value of 38.2%
(24.2%–61.5%). The difference between the active
and placebo groups, for the 3 cumulative scores,
was highly significant p < 0.001.

Following the shift in the main clinical outcome,
a significant although modest improvement of the
lung function was observed in the active group,
expressed both in a PEF increase (p < 0.05) and
decrease of PEF daily variability (p < 0.05), both as
compared to placebo group and baseline values
within the active group. (Table 3).

According to the Overall Clinical Improvement
(OCI) variable, 12 patients (67%) from the active
group were reported as “better” relative to initial
data. Moreover, the patient-reported clinical
improvement was also significant (OR 32: 95%CI:
17 to 102).

In agreement with the clinical improvement, the
skin reactivity specific to B. tropicalis showed a
acebo Group (n ¼ 17) P (Mann Whitney U Test)

9/8 0,29

33 0,88
18–43

164,6 0,98
151,5 - 180

78,5 0,81
63.5–90.6

8/9 0,67
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Fig. 2 AIT clinical effect as measured by the Symptom/Medication score in the active and placebo groups at time intervals (Median values
and 95% CI). A: Combined SM score. B: Separate Symptom and Medication scores. C: Medication score corresponding to rescue
medication (Salbutamol or Teophiline) and oral corticosteroid use
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remarked decrease (Fig. 3). The Ch10 value
decreased significantly (p < 0.05), both in
comparison to the baseline and placebo values,
at 6 months, and even more significant at 12
months. Noteworthy, the effect was quite specific
since no influence was observed on to skin
reactivity towards both Dermatophagoides
species. Overall, 15 patients (83%) decreased
Ch10 in more than 1 logarithm (i.e. 10-fold in-
crease in the allergen threshold) and 9 of them
(50%) completely abolished the skin reactivity to
Bt, showing no wheals, or small reactions under
3 mm diameter. In support of the clinical signifi-
cance of allergen-specific skin reactivity, the
reduction of the same was correlated significantly
with the change in primary clinical outcome: the
SM score (r ¼ 0.666; p < 0.01). Furthermore, there
was also a significant correlation between the
decrease in daily variability of PEF and change of
skin reactivity (r ¼ 0.869; p < 0.001).

Frequency of adverse reactions and maximum
tolerated allergen dose are safety indicators. Dur-
ing this study 720 injections were given, 373 in the



Respiratory Function variables
Treatment Time (months)

0 6 12

PEF Active 82.4% 82.7% 83.7% *§
(95% CI) (78.2%–86.7%) (78.5%–87.6%) (78.7%–88.6%)

PEF Placebo 79.1% 77.2% 76.8%
(95% CI) (76.8%–82.8%) (79.4%–83%) (78.4%–82.2%)

PEF-V Active 29.7% 29.7% 27.8% *§
(95% CI) (21.9%–36.8%) (21.4%–35.6%) (20.3%–32.6%)

PEF-V Placebo 31.3% 31.3% 33.8%
(95% CI) (24.7%–37.5%) (24.2%–37.5%) (29.1%–37.5%)

Table 3. Peak Expiratory Flow and PEF daily variability (median values in active and placebo groups). PEF: Peak Expiratory Flow; PEF-V: Peak
Expiratory Flow Variability; (*) Statistically significant difference (p < 0.05) with respect to t ¼ 0 (Wilconxon Matched Pairs Test); (§) Statistically significant
difference (p < 0.05) between active and placebo group (Mann Whitney U Test)
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active group. Each patient reached the expected
maximum dose of 6000 BU with equal treatment
duration of 12 months. There were 9 adverse
events during the treatment; all of them were
classified as immediate local reactions occurring in
the up-dosing phase (0.8 mL of vial number 3).
Importantly, no systemic reactions were reported.
The observed local reactions consisted of pruritus
with wheals at the injection site with diameters
below 5 cm, symptoms featuring an immediate
allergic reaction. The frequency of patients with
treatment-related adverse events in the active
group was 33.3% (6 patients). The frequency of
adverse reactions with respect to the number of
injections administered was only 2.4% in the active
group by 0.6% in placebo group.
Fig. 3 AIT effect on skin reactivity, as measured by Ch10 value to
the allergen extracts of Blomia tropicalis (Bt), D. pteronyssinus (Dp)
and D. siboney (Ds). AIT with Bt induced only an allergen-specific
decrease of skin reactivity towards the Bt extract, whereas no cross-
effect towards Dp or Ds was noted
DISCUSSION

This work describes a successful AIT clinical trial
using a standardized allergen extract of the trop-
ical mite, Blomia tropicalis. In spite of the growing
relevance of this mite species regarding allergen
characterization and epidemiological
data,12,13,15,35–37 no placebo-controlled double
blind clinical trials of B. tropicalis AIT have been
published before in PUBMED-indexed journals.

The role of Blomia tropicalis as strong sensitizer
in the tropics and its association with allergic
asthma has been evidenced by several authors.35–
42 Prevalence of IgE sensitization to Blomia
tropicalis in humid tropical climates is usually
close to the values displayed by
Dermatophagoides pteronyssinus; particularly in
Cuba, it achieves values ranging from 56.2 to
68.1% among asthmatics.12,39 Even though co-
sensitization is common in asthmatics usually
exposed both to Blomia and Dermatophagoides,
sensitization to Blomia has own features and
distinctive markers, including the immunodo-
minant allergens Blo t 5 and Blo t 21 and the
species-specific Blo t 12,14,16,38L44 overall, with
very limited or no cross-reactivity towards the
Dermatophagoides counterparts. For instance,
Kidon et al.,14 in a major study in Singapore
revealed that Blo t 21 was the third more
prevalent allergen molecule in atopic children in
this country (56%) preceded only by Der p 2 and
Der p 1. Moreover, polysensitization to Blomia
and Dermatophagoides has been associated to

https://doi.org/10.1016/j.waojou.2020.100098
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increased asthma severity and systematization of
the allergic disease.14,37

Thus, AIT using Dermatophagoides allergen
vaccines is thought to be ineffective against Blomia
sensitization and Blomia triggered allergic symp-
toms. In fact, a previous clinical trial performed in
Cuba has shown the lack of cross-desensitization
effect towards Blomia tropicalis using
D. pteronyssinus or D. siboney allergen subcu-
taneous immunotherapy.45 Therefore, an optimal
AIT approach for allergic asthma in the tropics
should include Blomia tropicalis. The findings of
the present work are fully in line with this
statement. The study results were highly
satisfactory in terms of clinical improvement and
decrease of allergen-specific skin reactivity.

Both, the effect sizes on cumulative symptom
and medication were higher in this study than the
reported values in a well-known Abramson meta-
analysis of subcutaneous AIT using HDM aller-
gens of D. pteronyssinus and D. farinae species.20

The Standard Mean Difference (SMD) for
symptoms between active and placebo was
here: �2.03 (�1.89 to �2.86) versus �1.13 in the
Abramson meta-analysis; whereas the SMD on
medication was: �2.74 (�1.79 to �3.69)
versus �0.51 in the Abramson review.20

Comparing with the above mentioned similar
study, performed in the same hospital with
allergen extracts of D. pteronyssinus and
D. siboney, using the same standardized dosage
schedule, current results with B. tropicalis seem
to be also better, both in terms of SMD or
relative values of symptom/medication score
decrease as compared to placebo group.45

Concerning the respiratory function, the results
on decreased PEF variability, although modest in
size, are in agreement with primary clinical
outcomes and with previous results with
D. pteronyssinus and D. siboney.45 The treatment
effect on respiratory function could be masked
by the fact that placebo patients took more
medication than patients under AIT.

The effect on allergen-specific skin reactivity was
also large, although similar to what has been noted
with Dp and Ds in the previous study.45 The
magnitude of this effect, which by the Ch10
definition can be translated into a 148-fold in-
crease of the allergen threshold able to elicit a
positive skin reaction, was higher than the re-
ported in most publications.19–21 This effect size as
well as its correlation to the main clinical outcomes
become factors in support of the use of carefully
measured skin reactivity (adjusted to histamine
reactivity),30 as a surrogate marker of clinical
efficacy during AIT.46 In agreement with previous
results that showed that AIT with
Dermatophagoides species was unable to induce
a cross-desensitization effect towards Blomia tro-
picalis, present results have shown that Blomia AIT
has no effect on skin reactivity towards
D. pteronyssinus or D. siboney in patients that had
polysensitization, which is in line with the scarce
cross-reactivity reported between Blomia and
Dermatophagoides extracts as well as with the
marked difference in the allergen profile.6,15–
17,40,41,45,47

Despite the beneficial aspects of AIT, safety of
injection route has been a major concern, since
severe systemic reactions can pose a life-
threatening risk. The reported frequency of sys-
temic reactions is approximately 0.1–0.2% of in-
jections in 2%–5% of patients.18,19,21,31,32,48,49 In
this study, the frequency of adverse reactions
related to the product did not differ substantially
to what has been reported internationally, both
with respect to the total number of injections and
number of patients. However, here no systemic
allergic reactions were noticed, i.e., all reactions
were only local. A previous study using Dp and
Ds allergen extracts sharing the same
standardized dosage schedule,45 the observed
frequency of adverse reactions was quite similar
(25% of patients/2.5% of injections).
Standardization of the allergen vaccine is an
important factor in improving AIT safety, because
it assures more consistent composition of the
allergen extract. Other factors could involve
proper patient selection and careful clinical
examination prior to the injection administration
as well as surveillance during the injection
procedure.18,19,21

A novel aspect on this work resides on the use
of a Blomia tropicalis allergen extract for treating
asthma in patients sensitized to this mite species.
This novelty is backed by the use of a standard-
ized product. Standardization of allergen extracts
is still a technically challenging theme and a reg-
ulatory issue lacking proper harmonization at the
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international level.50 Especially for Blomia
tropicalis, since it is a tropical species not
addressed by the leading manufacturers focused
on developed countries in temperate regions,
no clear technical guidance and reagents are
available. Unlike Dermatophagoides, there are
no clear molecular markers of total allergenic
potency such as Der p 1 or Der p 2, since the
hierarchy of the major/immunodominant
allergens for Blomia is different, with Blo t 5 and
Blo t 21 heading the list of candidates.41,47

However, the combination of both plus Blo t 7
did not account for 65% IgE binding frequency
against the whole allergen extract and its
content in the extracts is usually very low.14The
standardization approach used here (Biological
Units) is based on median allergen-specific skin
reactivity in a given population, and it is com-
plemented by allergen profiling by SDS-PAGE
Western Blotting, using an IgE serum pool of
representative patients, implementing indicators
of binding intensity and relative content in the
region of 12–21kD.24 This fraction comprises Blo t
5 and Blo t 21 as well as other potentially
important allergens as Blo t 2, Blo t 12 and Blo t
13.40,51 The standardization in Biological Units
has the advantage to be clinically meaningful
(particularly, for safety) and equivalent among
different allergen products. The fact that the
results obtained here, both in terms of efficacy
and safety are similar to those obtained by
equivalent allergen products and dosages of Dp
and Ds in a comparable population sample,43 is
an argument in support of the usefulness of this
standardization approach.

The current study was performed in adults with
an age range of 16–45 years in a population sam-
ple of Cuban adult allergic asthmatic patients.
Taking into account the high prevalence of sensi-
tization to Blomia tropicalis in this population,
more studies should be conducted to expand and
confirm these results, particularly in children.

In summary, subcutaneous AIT with a Blomia
tropicalis standardized allergen vaccine was
effective and safe for the control and amelioration
of allergic asthma in a population commonly
exposed not only to this mite species but also
Dermatophagoides species, showing, however, a
species-specific desensitization effect. Thus, AIT
with Blomia tropicalis should be considered as an
important element in AIT strategies in the tropics
taking into account internationally recommended
safety standards.

Abbreviations
Bt: Blomia tropicalis or B. tropicalis; AIT: Allergen immu-
notherapy; BIOCEN: National Center of Bioproducts; HDM:
House Dust Mite; HDM SCIT: Immunotherpy Subcutaneous
with allergens of House Dust Mite; Dp or D: pteronyssinus:
Dermatophagoides pteronyssinus; Ds or D: siboney: Der-
matophagoides siboney; CECMED: Center for State Con-
trol of Drugs, Equipment and Medical Devices; VALERGEN-
BT: Standardized allergen extract of Blomia tropicalis; BU:
Biological Units; BU/mL: Biological units per milliliter; Blo t:
Mayor allegen of Blomia tropicalis; SM: Symptom and
Medication; SMD: Standard Mean Difference; ALK:
Denmark-based pharmaceutical company; PEF: Peak
Expiratory Flow; OCI: Overall clinical improvement; Ch10:
Allergen specific reactivity calculated relative to the Hista-
mine HC 10 mg/mL
Funding
The research work was funded by the Cuban government:
Ministry of Science, Technology and Environment and
Ministry of Public Health. Forum SYD and Swedish
International Development Cooperation Agency
contributed to partially funding this work at the early
stages.
Consent for publication
All authors gave its written consent for publication.
Ethics approval
The study was conducted following the ethical principles
contained in the Declaration of Helsinki, 64th WMA
General Assembly, Fortaleza, Brazil, October 2013.
Subjects were asked for their written informed consent to
participate in the study. The study was approved by the
Ethics Committee of the “Calixto García” University Hospital
and was approved by the Cuban medicine regulatory
authority (CECMED).
Availability of data and materials
Please contact author for primary data requests.
Authors' contributions
Contributions of authors to the manuscript:
Raúl Lázaro Castro-Almarales (AD, AE, CI, DE,TM).
Mercedes Ronquillo-Díaz (AD, AE, CI, DE, IE).
Mirta Álvarez-Castelló (AD, AE, CI, DE, IE).
José Rodríguez-Canosa (AD, DE, CI, IE).
Mayda González-León (AD, DE, CI, IE).
Irene Enríquez-Domínguez (AD, DE, CI, IE).
Bárbara Ivonne Navarro-Viltre (AD, DE, CI, IE).
Mayteé Mateo Morejón (AD, DE, IE).

https://doi.org/10.1016/j.waojou.2020.100098


Volume 13, No. 4, Month 2020 11
Yunia Oliva Díaz (AD, DE, IE).
Linda Cox (CI).
Alexis Labrada Rosado, PhD (AD, AE, CI, DE).
AD: Acquisition of data, or analysis and interpretation of
data.
AE: Performed the statistical analysis.
CI: Have been involved in drafting the manuscript or
revising it critically for important intellectual content.
DE: Conceived of the study, and participated in its design
and performed of study.
IE: carried out the immunoassays and skin tests.
TM: Trial monitoring.

Declaration of Competing Interest
The authors have no conflicts of interest.

Acknowledgements
To Professor Sten Dreborg for its valuable training and
advice in Skin Tests and Immunotherapy, and to Forum
SYD and Swedish International Development Cooperation
Agency.

Author details
aSecond Degree Specialist in Allergy and Integral General
Medicine, Master in Transmissible Diseases, Auxiliary
Professor, “General Calixto García” University Hospital,
Havana University of Medical Science. Auxiliary Researcher,
National Center of Bioproducts, Bejucal, Mayabeque,
Cuba. bSecond Degree Specialist in Allergy, Master in
Occupational Health, Auxiliary Professor, “General Calixto
García” University Hospital, Allergy and Immunology
Service, Havana University of Medical Science, Cuba.
cSecond Degree Specialist in Allergy, Auxiliary Professor
and Researcher, “General Calixto García” University
Hospital, Allergy and Immunology Service, Havana
University of Medical Science, Cuba. dSecond Degree
Specialist in Allergy, Master in Transmissible Diseases,
Auxiliary Professor, “General Calixto García” University
Hospital, Allergy and Immunology Service, Havana
University of Medical Science, Cuba. eSecond Degree
Specialist in Integral General Medicine, Master in Natural
and Traditional Medicine, Teaching Polyclinic “Pedro
Fonseca Álvarez”, Havana, Cuba. fFirst Degree Specialist in
Allergy and Integral General Medicine, Master in Child
Integral Care, “General Calixto García” University Hospital,
Allergy and Immunology Service, Havana, Cuba. gFirst
Degree Specialist in Allergy, Master in Immunology,
Teaching Polyclinic “Capdevila”, Havana, Cuba. hMaster in
Biotechnology, National Center of Bioproducts, Allergens
Department, Bejucal, Mayabeque, Cuba. iNational Center
of Bioproducts, Allergen Department, Bejucal, Mayabeque,
Cuba. jMaster in Biochemistry, National Center of
Bioproducts, Allergens Department, Bejucal, Mayabeque,
Cuba. kAllergy & Asthma Center, Fort Lauderdale, Florida,
USA. lFull Researcher, Research and Development Director,
National Center of Bioproducts, Bejucal, Mayabeque,
Cuba.
REFERENCES
1. Pawankar R, Canonica GW, Holgate ST, Lockey RF. WAOWhite

Book on Allergy 2011-2012. Available on: www.worldallergy.
org/publications/wao_white_book.pdf.

2. Forno E, Gogna M, Cepeda A, et al. Asthma in Latin America.
Thorax. 2015;70(9):898–905.

3. Díaz-Rodríguez A, Labrada-Rosado A, Castro-Almarales RL,
Álvarez-Castelló M. Current status and future perspectives of
immunotherapy in LatinAmerica and Cuba. World Allergy Org
J. 2014;7(1):28.

4. Fabré D, Varona P, Suárez R. Prevalencia de asma en
adolescentes cubanos por diferentes criterios. Rev Alerg Mex.
2005;52(3):132–137.

5. Varona P, García R, Díaz-Perera G, et al. Uso de servicios de
salud y gastos de bolsillo por asma en niños de 5 a 14 años de
edad. Ciudad de La Habana. Rev Cubana Hig Epidemiol.
2002;43(3):38–41, 2005.

6. Caraballo L, Zakzuk J, Lee BW, et al. Particularities of allergy in
the tropics. World Allergy Organization Journal. 2016;9:20.

7. Fernández-Duro BI, Cuervo-Pineda N, Rodríguez-Alvízar JA,
Celio-Murillo R, Juárez-Anaya D, Perez-Ortiz TM.
Identification of house dust mite fauna from allergic patients'
mattress in six Mexican states (in Spanish). Rev Alerg Mex.
2013;60:87–92.

8. Van Hage-Hamsten M. Dermatophagoides siboney and Blomia
tropicalis dust mite of subtropical and tropical areas. Clin Exp
Allergy. 1995;25:905–907.

9. Manolio TA, Barnes KC, Naidu RP, Levett PN, Beaty TH,
Wilson AF. Correlates of sensitization to Blomia tropicalis and
Dermatophagoides pteronyssinus in asthma in Barbados. Int
Arch Allergy Immunol. 2003;131(2):119–126.

10. Oliveira-Santos S, Motta-Franco J, Barreto I, Solé D, Gurgel R.
Asthma in adolescents-Prevalence trends and associated factors
in northeast Brazil. Allergol Immunopathol. 2015 Sep-Oct;43(5):
429–435. https://doi.org/10.1016/j.aller.2014.05.006.

11. Ferrándiz R, Casas R, Dreborg S. Sensitisation to
Dermatophagoides siboney, Blomia tropicalis, and other
domestic mites in asthmatic patients. Allergy. 1996;51(7):501–
505.

12. Castro RL, Mateo M, Naranjo RM, et al. Correlation between
skin tests to Dermatophagoides pteronyssinus,
Dermatophagoides siboney and Blomia tropicalis in Cuban
asthmatics. Allergol Immunopathol. 2006;34(1):23–26.

13. Ferrándiz R, Casas R, Dreborg S, Einarsson R, Fernández B.
Crossreactivity between Dermatophagoides siboney and other
house dust mite allergens in sensitized asthmatic patients. Clin
Exp Allergy. 1995;25(10):929–934.

14. Kidon MI, Chiang WC, Chin CW, et al. Mite component-
specific IgE repertoire and phenotypes of allergic disease in
childhood: the tropical perspective. Pediatr Allergy Immunol.
march. 2011;22(2):202–210.

15. Fernández-Caldas E, Puerta L, Caraballo L. Mites and allergy.
In: Bergmann K-C, Ring J, eds. Chemical Immunology and
Allergy [Internet]. Basel: S. KARGER AG; 2014 [cited 2017 Sep
15]. pp. 234–42. Available from: http://www.karger.com?
doi¼10.1159/000358860.

http://www.worldallergy.org/publications/wao_white_book.pdf
http://www.worldallergy.org/publications/wao_white_book.pdf
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref2
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref2
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref3
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref3
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref3
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref3
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref4
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref4
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref4
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref5
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref5
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref5
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref5
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref6
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref6
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref7
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref7
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref7
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref7
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref7
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref8
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref8
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref8
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref9
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref9
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref9
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref9
https://doi.org/10.1016/j.aller.2014.05.006
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref11
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref11
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref11
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref11
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref12
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref12
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref12
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref12
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref13
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref13
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref13
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref13
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref14
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref14
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref14
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref14
http://www.karger.com?doi=10.1159/000358860
http://www.karger.com?doi=10.1159/000358860
http://www.karger.com?doi=10.1159/000358860


12 Castro-Almarales et al. World Allergy Organization Journal (2020) 13:100098
http://doi.org/10.1016/j.waojou.2020.100098
16. Chew FT, Yi FC, Chua KY, et al. Allergenic differences between
the domestic mites Blomia tropicalis and Dermatophagoides
pteronyssinus. Clin Exp Allergy. 1999;29:982–988.

17. Fernández-Caldas E, Lockey RF: Blomia tropicalis, a mite
whose time has come. Allergy (Cph); 59: 1161-1164.

18. Kowalski ML, Ansotegui I, Aberer W, et al. Risk and safety
requirements for diagnostic and therapeutic procedures in
allergology: World allergy organization statement. World
Allergy Organ J. 2016;9(1):33.

19. Cox L, Nelson H, Lockey R, et al. Allergen immunotherapy: a
practice parameter third update. J Allergy Clin Immunol.
2011;127(1):S1–S55.

20. Abramson MJ, Puy RM, Weyner JM. Injection allergen
immunotherapy for asthma. Cochrane Database Syst Rev.
2010;8:CD001186. https://doi.org/10.1002/14651858.
CD001186.pub2.

21. Jutel M, Agache I, Bonini S, et al. International consensus on
allergy immunotherapy. J Allergy Clin Immunol. 2015;136(3):
556–568.

22. Jiménez G, Pascual MA, Fors M, et al. The Cuban public
Registry of clinical trials: primary registry of World health
organization. J Evid Base Med. 2011;4(3):161–164.

23. Nordic Council on Medicines. In: Registration of Allergen
Preparations, Nordic Guidelines. second ed. NLN Publication
No; 1989, 23 Upsala 1-34.

24. Labrada-Rosado A. Desarrollo a ciclo completo de las primeras
vacunas estandarizadas de alergenos de ácaros para la
inmunoterapia del asma en Cuba. Tesis de Doctor en Ciencias.
Editorial Universitaria, La Habana 2012. Instituto Superior de
Ciencias Médicas de La Habana; 2009:193. Available online
http://tesis.repo.sld.cu/145/2/Alexis_Labrada_.pdf.

25. Koshak EA. Classification of asthma according to revised 2006
GINA: evolution from severity to control. Ann Thorac Med.
2007;2:45–46.

26. Malling H-J. Criteria for clinical efficacy: readout and
monitoring of clinical studies. Arb Paul Ehrlich Inst Bundesamt
Sera Impfstoffe Frankf A M. 2003:119–123.

27. Canonica GW, Baena-Cagnani CE, Bousquet JU, et al.
Recommendations for standardization of clinical trials with
Allergen Specific Immunotherapy for respiratory allergy. A
statement of a World Allergy Organization (WAO) task force.
Allergy. 2007;62(3):317–324.

28. Julian PT, Higgins, Sally Green. Cochrane Handbook for
Systematic Reviews of Interventions v4.2.6. Wiley; 2011
[updated Sept 2006]- [Internet]. [cited 2017 Oct 2]. Available
from http://www.cochrane.org/resources/.

29. Dreborg S. Skin testing. The safety of skin tests and the
information obtained from using different methods and
concentrations of allergen. Allergy. 1993;48(7):473–475.

30. Dreborg S. Allergen skin prick test should be adjusted by the
histamine reactivity. Int Arch Allergy Immunol. 2015;166(1):77–
80.

31. Libowitz MJ. The use of peak expiratory flow rate
measurements in respiratory diseases. Ped Pneumol. 1991;11:
166–174.

32. Quackenboss JJ, Libowitz MJ, Kryzanowsky M. The normal
range of diurnal changes in peak expiratory flow rates.
Relationship to symptoms and respiratory diseases. Am Rev
Respir Dis. 1991;143:323–330.

33. Cox L, Larenas-Linnemann D, Lockey RF, Passalacqua G.
Speaking the same language: the World Allergy Organization
subcutaneous immunotherapy systemic reaction grading
system. J Allergy Clin Immunol. 2010;125:569–574.

34. Cox L, Sanchez-Borges M, Lockey RF. World Allergy
Organization systemic allergic reaction grading system: is a
modification needed? J Allergy Clin Immunol Pract. 2017;5(1):
58–62.

35. Fernández-Caldas E, Baena-Cagnani CE, López M, et al.
Cutaneous sensitivity to six mite species in asthmatic patients
from five Latin American countries. J Investig Allergol Clin
Immunol. 1993;3(5):245–249.

36. Julia-Serda G, Cabrera-Navarro P, Acosta-Fernandez O,
Martin-Perez P, Garcia-Bello MA, Anto-Boque J. Prevalence of
sensitization to Blomia tropicali samong young adults in a
temperate climate. J Asthma. 2012;49(4):349–354.

37. Santos da Silva E, Asam C, Lackner P, et al. Allergens of Blomia
tropicalis: an overview of recombinant molecules. Int Arch
Allergy Immunol. 2017;172(4):203–214.

38. Aranda RA, Labrada A, Cabrera M, Diéguez R. Respuesta IgE
específica al ácaro Blomia tropicalis en pacientes cubanos. Rev
Cubana Med Trop. 2000;52(1):31–36.

39. Castro RL, Álvarez M, Ronquillo M, et al. Sensitization to three
species of mites in allergic patients from the coast area of
Havana city. Rev Alerg Mex. 2009;56(2):31–35.

40. Zakzuk J, Jimenez S, Cheong N, et al. Immunological
characterization of a Blo t 12 isoallergen: identification of
immunoglobulin E epitopes. Clin Exp Allergy. 2009;39:608–616.

41. Carvalho KA, de Melo-Neto OP, Magalhaes FB, Ponte JC,
Felipe FA, dos Santos MC. etal. Blomia tropicalis Blo t 5 and
Blo t 21 recombinant allergens might confer higher specificity
to serodiagnostic assays than whole mite extract. BMC
Immunol. 2013;14:11.

42. Arruda LK, Vailes LD, Platts-Mills TAE, et al. Sensitization to
Blomia tropicalis in patients with asthma and identification
of allergen Blo t 5. Am J Resp Crit Care. 1997;155:343–
350.

43. Cheong N, Soon SC, Ramos JDA, et al. Lack of human IgE
cross-reactivity between mite allergens Blo t 1 and Der p 1.
Allergy. 2003;58:1070–1074.

44. Gao YF, Wang de Y, Ong TC, Tay SL, Yap KH, Chew FT.
Identification and characterization of a novel allergen from
Blomia tropicalis: Blo t 21. J Allergy Clin Immunol. 2007;120:
105–112.

45. Castro-Almarales RL, Ronquillo-Díaz M, Álvarez-Castelló M,
et al. Double-blind, Placebo-Controlled, Ramdomized Clinical
Trials of Subcutaneous Immunotherapy with Standardized
Allergen Vaccines of Dermatophagoides siboney and
Dermatophagoides pteronyssinus in Cuban Asthmatic
Patients. 2018 (in prep).

46. Cox L. Sublingual immunotherapy for allergic rhinitis is 2-year
treatment sufficient for long-term benefit? Editorial opinion.
J Am Med Assoc. 2017;317(6):391–393.

47. Thomas WR. Hierarchy and molecular properties of house dust
mite allergens. Allergol Int. 2015;64:304–311.

http://refhub.elsevier.com/S1939-4551(20)30001-6/sref16
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref16
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref16
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref18
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref18
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref18
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref18
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref19
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref19
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref19
https://doi.org/10.1002/14651858.CD001186.pub2
https://doi.org/10.1002/14651858.CD001186.pub2
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref21
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref21
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref21
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref22
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref22
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref22
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref23
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref23
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref23
http://tesis.repo.sld.cu/145/2/Alexis_Labrada_.pdf
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref25
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref25
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref25
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref26
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref26
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref26
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref27
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref27
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref27
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref27
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref27
http://www.cochrane.org/resources/
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref29
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref29
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref29
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref30
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref30
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref30
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref31
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref31
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref31
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref32
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref32
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref32
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref32
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref33
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref33
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref33
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref33
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref34
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref34
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref34
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref34
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref35
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref35
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref35
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref35
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref36
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref36
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref36
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref36
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref37
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref37
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref37
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref38
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref38
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref38
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref39
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref39
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref39
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref40
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref40
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref40
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref41
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref41
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref41
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref41
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref41
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref42
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref42
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref42
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref42
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref43
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref43
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref43
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref44
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref44
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref44
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref44
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref45
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref45
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref45
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref45
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref45
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref45
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref46
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref46
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref46
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref47
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref47
https://doi.org/10.1016/j.waojou.2020.100098


Volume 13, No. 4, Month 2020 13
48. Epstein TG, Liss GM, Murphy-Berendts K, Bernstein DI. AAAAI/
ACAAI Surveillance study of subcutaneous immunotherapy,
Years 2008-2012: update on fatal and nonfatal systemic
allergic reactions. J Allergy Clin Immunol Pract. 2014;2:161–
167.

49. Epstein TG, Liss GM, Murphy-Berendts K, Bernstein DI. Risk
factors for fatal and nonfatal reactions to subcutaneous
immunotherapy: national surveillance study on allergen
immunotherapy (2008-2013). Ann Allergy Asthma Immunol.
2016;116(4):354–359.

50. Kaul S, May S, Luttkopf D, Vieths S. Regulatory environment for
allergen-specific immunotherapy. Allergy. 2011;66:753–764.

51. Caraballo L, Puerta L, Jimenez S, et al. Cloning and IgE binding
of a recombinant allergen from the mite Blomia tropicalis,
homologous with fatty acid-binding proteins. Int Arch Allergy
Immunol. 1997;112:341–347.

http://refhub.elsevier.com/S1939-4551(20)30001-6/sref48
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref48
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref48
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref48
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref48
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref49
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref49
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref49
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref49
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref49
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref50
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref50
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref51
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref51
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref51
http://refhub.elsevier.com/S1939-4551(20)30001-6/sref51

	Subcutaneous allergen immunotherapy for asthma: A randomized, double-blind, placebo-controlled study with a standardized Bl ...
	Introduction
	Methods
	Study design
	Treatment
	Participants
	Outcomes
	Safety assessment
	Statistical methods

	Results
	Discussion
	FundingThe research work was funded by the Cuban government: Ministry of Science, Technology and Environment and Ministry o ...
	Funding
	Consent for publicationAll authors gave its written consent for publication.
	Consent for publication
	Ethics approvalThe study was conducted following the ethical principles contained in the Declaration of Helsinki, 64th WMA  ...
	Ethics approval
	Availability of data and materialsPlease contact author for primary data requests.
	Availability of data and materials
	Authors' contributionsContributions of authors to the manuscript:Raúl Lázaro Castro-Almarales (AD, AE, CI, DE,TM).Mercedes  ...
	Authors' contributions
	Declaration of Competing Interest
	Acknowledgements
	References


