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ABSTRACT

Background: Allergen Immunotherapy (AIT) is an effective treatment of allergic respiratory
diseases induced by the inhalation of house dust mite allergens.

Objectives: To evaluate the efficacy and safety of glutaraldehyde polymerized allergen extracts
using a mixture of Dermatophagoides pteronyssinus, D. farinae and Blomia tropicalis in mite
allergic individuals residing in Colombia.

Methods: Two hundred and fifty (250) patients with allergic rhinoconjunctivitis with, or without
asthma and sensitized to D. pteronyssinus, D. farinae and B. tropicalis were included. A
glutaraldehyde-modified extract containing a mixture of D. pteronyssinus, D. farinae and
B. tropicaliswas employed, using a cluster up-dosing schedule followed by a monthly maintenance
dose. The primary endpoints to evaluate the clinical impact were the Combined Symptom and
Medication Scores (CSMS) for allergic rhinitis, the Asthma Control Test (ACT) and the reduction in
medication consumption.

Results: Significant improvement was found after 3 months of treatment regarding CSMS
(p < 0.0001) and ACT (p < 0.0001). Additionally, a significant decrease in medication consump-
tion was found after 3 months of treatment (p < 0.0001). Adverse reactions, either local or sys-
temic were mild and no severe reactions related to the vaccines were observed.

Conclusion: After 12 months of allergen immunotherapy, glutaraldehyde-modified mixture of
D. pteronyssinus, D. farinae and B. tropicalis proved to be safe and effective in the treatment of
patients with rhinoconjunctivitis with or without asthma due to allergy to mites.
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INTRODUCTION

Allergic diseases are one of most prevalent
disorders worldwide, regardless of gender, age, or
race and represent a major health burden.1 Up to
one-fifth of the global population is affected by
allergic diseases, causing considerable direct and
indirect costs related to its high morbidity.1–7

Allergen immunotherapy (AIT) consists of the
administration of increasing doses of extracts
prepared from the allergenic material to which the
patient is sensitized.8,9 This treatment induces
changes in the immune response to the
allergens, including regulatory responses by
allergen specific regulatory T cells (Treg) and the
production of IgG antibodies.10–17 AIT is the only
treatment available to improve or cure an allergic
process.18 Most of the placebo-controlled immu-
notherapy studies have shown the advantages of
this type of treatment. From a clinical point of view,
this treatment provides great medical benefit and
a reduction in health related costs, since it reduces
the consumption of medication and health re-
sources.19,20 International guidelines recommend
AIT in patients with allergic rhinitis, with or
without concomitant asthma.6,21–23 To treat
allergic respiratory diseases, AIT is mainly
administered through the subcutaneous (SCIT)24

or sublingual routes (SLIT).6,16,17 SLIT is effective
and has a favorable safety profile. However, it
requires large doses of allergen and the duration
of the treatment is still particularly long, which
could be translated into low patient adherence to
AIT. SCIT must be administered at the doctor’s
office, which allows for a better control of the
outcomes of treatment and a better monitoring
of the progress of the treatment.

D. pteronyssinus (Dpt), D. farinae (Df) and
B. tropicalis (Bt) are the most common house dust
mites and are among the most prevalent sources
of indoor allergens worldwide, especially in sub-
tropical and tropical regions.25–27 These species
are very abundant in humid and warm regions,
where most allergic individuals are sensitized to
house dust mites. In Latin American countries,
about 30% of the total population is sensitized to
mites28 and most patients are allergic to Dpt, Df
and Bt.29–34 In Colombia, B. tropicalis is among
the most common mite species.35 In the city of El
Salvador, Brazil, B. tropicalis was the most
frequent mite in residences.36 This mite species
is the source of several allergens and 14 have
been included in the WHO/IUIS Allergen
Nomenclature Sub-Committee (http://www.
allergen.org). Several studies have shown a lack
of cross reactivity between Dermatophagoides
spp. and Bt.37–39 These observations indicate that
Bt should be included in vaccine preparations for
AIT, especially in individuals residing in the
tropics and sensitized to these species.40 Specific
immunotherapy with mite extracts has
demonstrated clinical benefits in several double-
blind, placebo-controlled trials that are included
in recent reviews of subcutaneous immunotherapy,
including pediatric and adult patients with rhino-
conjunctivitis and, or, asthma.41–44

Successful studies of mite immunotherapy have
used native allergen extracts adsorbed onto
aluminum hydroxide or chemically modified mite-
allergen extracts. Several studies have also shown
efficacy usingSLIT in pediatric andadult patientswith
asthmaand/or rhinitis.43Because thedelivery of high
doses of allergen carries with it the risk for
immunoglobulin E (IgE)-mediated events, several
methods have been developed to reduce specific
IgE binding to mite-allergen extracts. Studies of AIT
with standardized B. tropicalis extracts mixed with
othermite species are scarce, but successful andwell
tolerated.41,45 Attempts to design and obtain novel
recombinant therapeutic molecules derived from Bt
and/or Dpt for AIT have also been proposed.46 A
hybrid molecule constructed with portions from the
allergens Blo t 5 and Blo t 21 showed promising
results in in vitro and in vivo analysis.47 However, to
the best of our knowledge there are no clinical
studies of allergoids including this mite species.
Since low to non-cross-reactivity between
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Dermatophagoides spp. and Bt has been demon-
strated,we included the3mite species in 1 vaccine to
obtain a better hyposensitization to all the allergenic
molecules present in these mite species.

Although AIT is commonly used, long-term
treatment periods and safety issues still raise
some major concerns. Therefore, it is necessary to
develop short-term AIT approaches that induce
rapid improvement with few administrations. An
alternative, to reduce such effects, consists in the
use of allergoids: chemically modified extracts
obtained by treating the allergen extracts with
glutaraldehyde or formaldehyde, which react with
free amino groups and produce covalent bonds.
As a result, high-molecular-weight aggregates with
low IgE-binding capacity are produced. Efficacy48

and safety49 of AIT with allergoids have been
demonstrated in several clinical trials excellent
safety profile remains in both adults and children.

In the present study, we evaluated the efficacy
and safety of an allergoid prepared with the
mixture of allergenic extracts from Dpt, Df, and Bt,
in allergic patients from Medellin, Colombia.
MATERIALS AND METHODS

Trial design

This was an open label, prospective study on the
efficacy and safety with alum-adsorbed poli-
merized allergenic extracts (Alxoid), prepared
All Male Females

Mean age 15.7 18.6 13.4

C.I. < 95% 14.3 16.0 11.9

C.I. > 95% 17.1 21.1 14.8

S.D. 11.3 13.5 8.5

Median 12.0 14.0 12.0

Quartile 1 9.0 10.0 9.0

Quartile 3 17.0 19.0 14.0

Maximum 72.0 72.0 72.0

Minimum 3.0 3.0 3.0

n 250 113 137

Table 1. Demographic data from all patients entered in the study. C.I.,
from the house dust mite species Dermatopha-
goides pteronyssinus (Dpt), Dermatophagoides
farinae (Df) and Blomia tropicalis (Bt).
Trial population

Two hundred and fifty patients (250) were
included in this study (Table 1). A Consort flow
diagram of the selection process is included in
Fig. 1. They were recruited from the Research
About Tropical Trends in Asthma (RATTA)
project.50 Informed consent was obtained from
the patients. The protocol was approved by the
Ethics Committee of the Institución Prestadora de
Salud Universitaria (IPS) of the University of
Antioquia (Project Code: 21612948). All patients
were diagnosed with allergic rhino-conjunctivitis,
with or without asthma (intermittent, mild or
moderate) induced by house dust mites (Dpt, Df
and Bt), and were treated during 12 months with
allergen specific subcutaneous immunotherapy
with alum-adsorbed glutaraldehyde-polymerized
extracts prepared from the 3 mite species (Alxoid,
Inmunotek, S.L. Madrid, Spain). The mean age was
15.7 years (�11; 3–72 years of age). From the 250
patients, 133 (45%) were males (mean age ¼ 18.6
years old; SD � 13.5) and 137 (55%) were females
(mean age ¼ 13.4; SD � 8.5). 217 patients (87%)
lived in urban areas and 33 (13%) in rural areas.

All were diagnosed with rhinoconjunctivitis due
to allergy to house dust mites, presenting positive
Asthma No
asthma Urban Rural

14.2 16.8 16.0 13.9

12.0 15.0 14.4 10.9

16.3 18.7 17.6 16.9

11.2 11.3 11.7 8.5

11.0 13.0 12.0 12.0

8.0 11.0 10.0 8.0

15.5 18.0 17.0 15.0

72.0 72.0 72.0 39.0

3.0 3.0 3.0 5.0

107 143 217 33

Confidence Interval.



Fig. 1 Consort flow diagram of the study. DpT, Dermatophagoides pteronyssinus; Df, Dermatophagoides farinae; Bt, Blomia tropicalis.

4 Cardona-Villa et al. World Allergy Organization Journal (2022) 15:100692
http://doi.org/10.1016/j.waojou.2022.100692
skin prick tests to the 3 mite species and negative
to other common aeroallergens, including grasses,
weeds and tree pollens, animal dander, and
molds. One hundred and seven patients (43%) had
intermittent mild to moderate asthma.

Allergen vaccines

Alxoid is an alum adsorbed glutaraldehyde-
polymerized allergenic extracts prepared from
Dpt (33%), Df (33%) and Bt (34%). The final con-
centration of the preparation was 10.000 TU/mL.
The concentration for each individual extract is:
Dpt: 3.300 TU/mL, Df: 3.300 TU/mL and Bt: 3.400
TU/mL. Two injections, containing 0.2 mL (2000
TU) and 0.3 (3000 TU) mL, respectively, 30 min
apart were applied on the first day of treatment.
One injection containing 0.5 mL (5000 TU) was
subsequently applied monthly during the length of
the study.

Each polymerized extract originates from its
corresponding native extract that has been stan-
dardized according to biological units. By
definition, 1 TU contains the same amount of
protein as 1 Biological Unit (BU) of its corre-
sponding native extract. These units have been
defined in the regulations of the Nordic Countries:
an extract contains 10.000 Biological Units (BU)
when it induces, in the skin of an allergic subject, a
wheal of the same size induced by Histamine
Dihydrochloride at 10 mg/mL.51

Outcome measures

Combination of rhino-conjunctivitis Medication
and Symptom Score (CSMS)

Clinical data collected from the patients were
evaluated before the start of immunotherapy (T0),
and at 3 (T1), 6 (T2) and 12 (T3) months. The Eu-
ropean Academy of Allergy and Clinical Immu-
nology (EAACI) published a consensus for CSMS
related to allergen immunotherapy trials for
allergic rhinoconjunctivitis,52 based on a weight
equal to the total daily symptom score (dSS) and
the total daily medication score (dMS). In this
report, the authors considered the use of this
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score as advantageous since it has a well-defined
terminology of the ocular and nasal symptoms,
together with the 0–3 symptom score accepted by
the European Medicines Agency (EMA) and the US
Food and Drug Administration (FDA). The dSS is
the sum of all individual symptoms divided by the
number of symptoms, the dSS range being 0 to 3
(the maximum score is 3).

The following variables were evaluated:

- Oral and/or topical antihistamines (eyes and/or
nose) non-sedating (H1A): 1

- Intranasal corticosteroids (INS)with/withoutH1A: 2

- Oral corticosteroids with/without INS, with/
without H1A: 3

The dMS ranges from 0 to 3. The CSMS is the
sum of dSS (range 0–3) and sMS (range 0–3). CSMS
values are in the range of 0–6.

Asthma Control TestTM-ACT questionnaire

In patients who, in addition to rhino-
conjunctivitis, had allergic asthma, a test that con-
sisted of 5 questions in relationship to the fre-
quency of asthma symptoms and use of rescue
medication that the patient has needed in the
previous 4 weeks was conducted. The scores could
range from 5 (worst control) to 25 (total control).53

Global Initiative for Asthma (GINA) score

The Global Initiative for Asthma (GINA) score
represents the medication needed to control
asthma. This was scored according to the thera-
peutic steps described in GINA.45 It comprises 5
steps, assigning to each step a score of 1–5.
Steps 1 and 2 are those that include medication
to control mild-intermittent asthma, steps 3 and 4
for moderate asthma, and step 5 for severe
asthma.54

Statistical analysis

For descriptive statistics, the mean with standard
deviation (SD) and the median with the respective
first (IQ1) and third quartiles (IQ3) were used. For
the efficacy variables, the Shapiro-Wilk test was
used to check whether the data obtained followed
a normal distribution. In all cases it was found that
they did not follow a normal distribution.
For the comparative statistics used in the eval-
uation of the evolution of CSMS and ACT, the
Friedman test for repeated measures was used.
Nemeny’s procedure was used for the peer-to-
peer analysis of each of these measurements.

To evaluate the number of patients who expe-
rienced improvement in the GINA Score at the
different evaluation points a contingency table
analysis (Chi-square) was used.

Ethical conduct of the study

The clinical trial was conducted within the
ethical and legal framework established by the
local Health Authorities, in accordance with the
Declaration of Helsinki,55 the Good Clinical
Practice (ICH E6: Good Clinical Practice:
Consolidated Guideline, CPMP/ICH/135/9).56

Patients provided written informed consent.
RESULTS

Efficacy

Combination of rhino-conjunctivitis Medication
and Symptom Score

Sustained and significant reductions of the need
for medication and allergic symptoms were
observed during the immunotherapy treatment, as
evaluated by the CSMS. At the beginning of the
study, the median for CSMS was 5. After 3 months
the value was 4 (20% reduction), at 6 months it
remained at 4 and at 12 months the value was 3
(reduction 40%) (Table 2). Patients showed a clear
statistical significance (P < 0,0001) to improve
the scores over time as a consequence of the
allergen specific immunotherapy, according to
the Friedman test and Nemeny’s procedure
(Fig. 2A).

Medication use according to the GINA scale

This score was performed only in patients with
asthma. The median value at baseline was 3
(Table 3). After 12 months the GINA value was 2
(33% reduction). The analysis was performed
considering steps 1 through 5. Steps 1 and 2
corresponded to mild asthma control, while steps
3, 4, and 5 corresponded to moderate-severe
asthma control. The evolution in the treatment
scale can be observed in Table 4. At T0, the
number of patients who were medicated with



T0 T1 T2 T3

Mean 5.1 4.3 3.7 3.1

C.I. < 95% 5.0 4.2 3.6 3.0

C.I. > 95% 5.3 4.4 3.8 3.2

S.D. 0.9 1.0 1.1 1.1

Median 5.0 4.0 4.0 3.0

Quartile 1 5.0 4.0 3.0 2.0

Quartile 3 6.0 5.0 4.0 4.0

Maximum 6.0 6.0 6.0 6.0

Minimum 1.0 1.0 0.0 0.0

n 250 250 250 250

Table 2. Descriptive statistics from the CSMS at the beginning of the study (T0), T1, T2 and T3. C.I.: Confidence Interval.
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steps 1 and 2 was 29, going from 36 in T1 (P Chi-
Square ¼ 0.2982), to 43 in T2 (P Chi-
Square ¼ 0.0428), and at 60 in T3 (P Chi-Square
<0.0001), which indicates a statistically significant
improvement in the consumption of medication
(Fig. 1B and Table 4). There is a clear trend towards
Fig. 2 A. Box plot comparison between CSMS pairs. *: p < 0,0001. B. Ev
C. Box plot comparison between ACT pairs. *: Statistically significant.
less consumption of medication for asthma
control. Considering steps 1 and 2 to treat mild
asthma and steps 3, 4 and 5 to treat moderate
asthma,45 a clear trend is observed to decrease
the medication of steps 3, 4 and 5 from the
beginning T0 to T3. Patients with moderate-
olution of patients with medication in steps 1 and 2, and 3, 4 and 5.

https://doi.org/10.1016/j.waojou.2022.100692


TO GINA T1 GINA T2 GINA T3 GINA

Mean 3.4 3.2 3.0 2.6

C.I. < 95% 3.3 3.1 2.8 2.3

C.I. > 95% 3.5 3.4 3.2 2.8

S.D. 0.5 0.7 0.9 1.1

Median 3.0 3.0 3.0 3.0

Quartile 1 3.0 3.0 3.0 2.0

Quartile 3 4.0 4.0 4.0 3.0

Maximum 4.0 5.0 5.0 5.0

Minimum 3.0 1.0 1.0 1.0

n 78 78 78 72

Table 3. Descriptive statistics of the medication score according to GINA at the beginning (T0) and, T1, T2 and T3

Patients pero GINA scale

GINA step T0 T1 T2 T3

1 n 4 11 14 28

% 3.7% 10.3% 13.3% 28.3%

2 n 25 25 29 32

% 23.4% 23.4% 27.6% 32.3%

3 n 46 44 39 30

% 43.0% 41.1% 37.1% 30.3%

4 n 32 25 23 16

% 29.9% 23.4% 21.9% 16.2%

5 n 0 2 2 1

% 0.0% 1.9% 1.9% 1.0%

Total patients 107 107 107 107

Steps 1 and 2 (Mild asthma) 29 36 43 60

27.1% 33.6% 40.2% 56.1%

Steps 3 to 5 (Moderate/severe asthma) 78 71 64 47

72.9% 66.4% 59.8% 43.9%

Chi Square p value (Compared to T0) 0.2982 0.0428 <0.0001

Table 4. Patients that received during each medical visit according to GINA and statistical analysis (Chi square).

Volume 15, No. 9, Month 2022 7



Patients that improved from T0 to

T1 T2 T3

Yes n 21 32 57

% 19.6% 30.5% 57.6%

No n 86 75 50

% 80.4% 69.5% 42.4%

Table 5. Improvement of clinical criteria according to GINA
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severe asthma go from 78 in T0 to 47 in T3 (12
months), which means a decrease of 40%.

Regarding the GINA step of T0, the number of
patients who experienced improvement in medi-
cation intake in T1 was 21 (20%), in T2 it was 32
(30%) and in T3 it was 57 (58%) (Table 5).

Asthma Control Test TM-ACT questionnaire

For patients with asthma, the median value at
the beginning was 20, which increased to 25 after
12 months (Fig. 1C). Comparative statistics
(Friedman test) indicated that the differences
between the groups are highly significant
(P < 0.0001) (Fig. 1C) even after only the first 3
months of treatment with Alxoid.

Safety

No adverse reactions, either local (>5 cm for
immediate reactions and >10 cm for late re-
actions) or systemic (immediate or delayed,
greater than grade II) were reported.
DISCUSSION

In Latin America allergic diseases are common and
house dust mites are the most important sources of
indoor allergens.57,58 These pathologies negatively
affect sleeping schedules, work productivity, and
quality of life. Unlike food and drug allergies, it is
seldom possible to completely avoid contact with
the responsible allergens that cause this disease.59

In patients with moderate-severe symptoms,
demonstrable sensitization by skin test, or by deter-
mination of specific IgE to the relevant allergen,
and that do not respond adequately to antiallergic
drugs, immunotherapy with aeroallergens is
recommended.59,60 Subcutaneous and intradermal
allergen immunotherapy is effective for both
seasonal allergic rhinitis caused by pollen61 and
perennial allergic rhinitis with or without asthma
caused by house dust mites.41,62Furthermore, this
kind of treatment is indicated in patients with mild
to moderate asthma, which is supported by
data showing that standardized allergenic extracts
of Dpt y Df induce protection when used in
immunotherapy approaches.63–65

In this report we present, to the best of our
knowledge, the first prospective study of immu-
notherapy using alum-adsorbed glutaraldehyde-
polymerized mixture of allergenic extracts, con-
taining the allergenic material from three house
dust mite species (Dpt, Df, and Bt) in patients from
Medellín, Colombia. In this clinical trial, we
demonstrate clinical efficacy and good tolerance
to the preparations. The study lasted 12 months,
and in this period all parameters tested indicated
that the use of such preparation was successful
and safe.

The allergic patients recruited for the study (250
individuals) had allergic rhino-conjunctivitis, with
or without asthma (intermittent, mild or moderate)
induced by house dust mites, and showed a sta-
tistically significant clinical improvement with re-
ductions in the allergic symptoms and the need of
anti-allergic medication. These results resemble
what have been observed in other studies of
immunotherapy with extracts from Dermatopha-
goides spp., where allergic symptoms and the
need of medication is reduced because of the
treatment, as evidenced in improvement of symp-
tom, medication and cumulative scores.66,67

The CRMSS is a reliable way to measure the
success of the immunotherapy for allergic rhino-
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conjunctivitis since such treatment decreases the
incidence and severity of allergic symptoms, and
the use of concomitant rescue medication. The
CRMSS evaluates both parameters in a single un-
biased data set and is a good tool to test the re-
sults of the immunotherapy. At T0, the number of
patients who were medicated with steps 1 and 2
was 29, and it gradually increased with time until
reaching 60 in T3. Similarly, patients who were
medicated with steps 3, 4, and 5 showed
improvement as they went from 78 in T0 to 47 in
T3 (12 months), which means a decrease of 40%,
indicating that both severity of allergic symptoms
and the use of concomitant rescue medication,
improved.

For a successful immunotherapy, it is important
that the allergenic preparation contains the aller-
gens to which the patient is sensitized. Dpt, Df, and
Bt are the most common mite species in Colombia
and neighboring countries, especially in the trop-
ical area.25–27 About 95% of the allergic population
is sensitized to Bt.68 Several data indicate that
specific immunotherapy with Dpt or Df is
successful but there is not too much information
for immunotherapy with Bt extracts. Therefore, in
the event that the allergic patient presents a skin
sensitization to B. tropicalis and has signs and
symptoms of allergic rhinitis with or without
asthma, the inclusion of this species in the extract
for immunotherapy is indicated. Previous studies
have shown that sensitization to B. tropicalis is
specific, and therefore should be treated. Co-
sensitization to Dermatophagoides spp. and Bt is
common in Colombia, mainly due to exposure to
both mite species and not due to cross-reactivity.

In the present study, none of the subjects pre-
sented immunotherapy-related adverse reactions
[local (>5 cm for immediate reactions and >10 cm
for late reactions), or systemic (immediate or
delayed, greater than grade II)] at any time during
the study, demonstrating that this preparation is
effective and safe to treat mite allergic patients. In
conclusion, we have conducted an immuno-
therapy study using a mixture of polymerized ex-
tracts of Dpt, Df and Bt and the results clearly
demonstrate that this treatment is safe and effec-
tive to treat patients with rhinoconjunctivitis with,
or without asthma.
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