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Abstract

Background: Subcutaneous allergen immunotherapy (SCIT)
is an effective treatment for allergic rhinitis, asthma, and ven-
om allergy. Compliance is essential for SCIT to obtain maximal
benefit as it is a long-term treatment. Objectives: This study
aimed to determine the level of real-life SCIT compliance in
pediatric patients and the associated factors. Additional aims
were to determine how SCIT compliance was affected by the
COVID-19 pandemic and why some patients dropped out
SCIT. Method: Pediatric patients diagnosed with allergic rhi-
nitis, allergic asthma, or venom allergy that received SCIT be-
tween September 2012 and July 2020 were analyzed. Results:
The study included 201 children (66.7% male) with a median
(interquartile range) age of 12.8 years (9.4-15.2) at the time of
thefirst SCIT injection. The overall compliance rate before CO-
VID-19 pandemic was 86.1%. Short SCIT follow-up time and
venom anaphylaxis were found to be risk factors for drop out.
The leading causes of drop outs were moving to another city/
country (32.1%), symptom improvement (17.8%), treatment
ineffectiveness (14.2%), and adverse reactions (14.2%).
Among the 108 patients that were still receiving SCIT during

the COVID-19 pandemic, 31 (28.7%) dropped out the therapy.
The most frequent reasons for drop-out were fear of being
infected with COVID-19 (35.4%) and thinking that the AIT
practise stopped due to COVID-19 pandemic (29%). Male
gender and older age were found to be the independent risk
factors for drop-out of SCIT. Conclusions: Real life compliance
in children was found 13.9% and it was higher than adults.
Nearly one-third of children dropped out during the CO-
VID-19 pandemic. Male gender and older age are associated
with SCIT drop-out during the COVID-19 pandemic.
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Introduction

Allergen immunotherapy (AIT) is an effective and
game-changing treatment method for allergic rhinitis
(AR), venom anaphylaxis, and allergic asthma that can
provide immune tolerance for many years. Subcutaneous
allergen immunotherapy (SCIT) is the most commonly
used administration route, and requires repeated admin-
istration of allergen extracts for 3-5 years, depending on
the type of allergen administered.
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Treatment compliance is essential for SCIT to obtain
maximal benefit, as it is a long term treatment; however,
the non-compliance rate can be as high as 50% in both
adults and children [1-3]. The major factors associated
with non-compliance are long duration of treatment, fre-
quency of injections, high cost, improvement of systemic
reactions over time, poorly perceived efficacy, allergic re-
actions during vaccinations, and travelling, and these fac-
tors vary according to heathcare center, health system
structure, and cultures [4-6]. Most studies on SCIT com-
pliance are adult-based or population-based (both adults
and children); relevant pediatric studies are limited in
number [3].

The Coronavirus disease 2019 (COVID-19) pandemic
not only affected people with COVID-19 infection, but
also disrupted the treatment of patients with chronic dis-
eases. During the COVID-19 pandemic the pattern of
hospital admissions and presentations changed notice-
ably, and included a decrease in pediatric outpatient pre-
sentations for SCIT. The present study aimed to deter-
mine the level of real life compliance in pediatric patients
and to determine the associated factors. Additional aims
were to determine how SCIT compliance was affected by
the COVID-19 pandemic and why some patients dropped
out the treatment.

Methods

Study Population

The study included 201 pediatric patients with AR, allergic
asthma or venom anaphylaxis and that underwent SCIT at Hacette-
pe University Medical School Hospital, Department of Pediatric
Allergy, between September 2012 and July 2020.

SCIT was administered to patients with AR and/or allergic
asthma that had uncontrolled AR symptoms, along with medical
treatment and the prescription of avoidance measures. SCIT was
given to patiens with asthma only if their disease was allergic and
mild to moderate in severity. Venom immunotherapy (VIT) was
administered to patients with a history of 21 systemic reactions
after Apis mellifera and/or Vespula vulgaris stings, and positive di-
agnostic test reactions (skin prick test [SPT] or specific immuno-
globulin E [sIgE]) for culprit insect venom.

The treatment compliance of patients in COVID-19 period was
defined as the time between the first confirmed case of COVID-19
in Turkey (March 15, 2020) and June 15, 2020. The study protocol
was reviewed and approved by our University Institutional Review
Board.

Diagnosing AR, Allergic Asthma, and Venom Allergy

The diagnoses and therapies of AR, asthma, and venom allergy
were based on AR and its impact on asthma (ARIA) [7], Global
Initiative for Asthma (GINA) [8] and European Academy of Al-
lergy and Clinical Immunology guidelines [9], respectively.
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Administration of SCIT and Compliance Assessment

Patients were each administered one of the following: Alutard
SQ 100% V. vulgaris or A. mellifera (Alutard SQ, ALK, Hersholm,
Denmark) VIT, Allergovit Grass 006 (Allergopharma Joachim
Ganzer KG, Hamburg, Germany) allergen immunotherapy; No-
voHelisen Depot HDM 50% DP + 50% DF (Allergopharma
Joachim Ganzer KG, Hamburg, Germany) allergen immunothera-
pies. VIT doses were administered at 1-week intervals and were
gradually increased to the maintenance dose over the course of 6
months [10]. Then, maintenance doses were administered every
4-6 weeks for <5 years [11]. AIT doses for grass allergy and house
dust mite (HDM) allergy were administered at 1-week intervals,
and were then gradually increased to the maintenance doses over
the course of 6 weeks for grass and 14 weeks in HDM [12]. Then,
maintenance doses were administered every 4-6 weeks for <4
years.

Treatment compliance was defined as receiving SCIT accord-
ing to the prescribed treatment course and evaluated during the 1st
year, 2nd year, 3rd year, 4th year, and 5th year, or at treatment
completion. Patients with <2 two-week breaks from their pre-
scribed treatment schedule per year were considered to have excel-
lent compliance, 3-4 two-week breaks was considered good com-
pliance, 5-6 two-week breaks were considered fair compliance,
and >7 two-week breaks were considered poor compliance [13].
Patients who had 3 consecutive months delay from their defined
treatment schedule were accepted as dropped out [14], and the
reasons for drop-out were recorded.

Statistics

Statistical analyses were performed using SPSS version 22.0 sta-
tistical software package (IBM SPSS Statistics, Philadelphia, PA,
USA). First normality tests for continuous variables were per-
formed and as all of the continuous variables were distributed non-
normally the results were given as median (inter-quartile range
[IQR]). The x? and Mann-Whitney U tests were used to compare
nonparametric values. Logistic regression analysis for risk assess-
ment and Kaplan-Meier analysis for change in compliance by time
were used. The level of statistical significance was set at p < 0.05.

Results

Real-Life Compliance before COVID-19 Pandemic

(September 2012 - March 2020)

In all, 201 children who received SCIT injections be-
tween 2012 September and 2020 March. According to the
demographic data, males were predominant (134, 66.7%).
Median age at the start of SCIT was 12.8 years (9.4-15.2)
and median treatment duration was 40.7 months (20.4—
49.9). Patient demographic characteristics are summa-
rized in Table 1.

In total, 154 (76.6%), 10 (5%) and 37 (18.4%) patients
were treated with SCIT for AR, asthma and venom ana-
phylaxis, respectively. Pollen immunotherapy was the
most common form of SCIT (78.1%), followed by VIT
(18.4%)and HDM (3.5%). Among the patients, 93 (46.2%)
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Table 1. Demographic and clinical characteristics of study population

Whole group Compliant group Drop-out group p value
(n=201) (n=173) (n=28)

SCIT start age* 12.8 (9.4-15.2) 12.9 (9.9-15.3) 11.1(7.5-14.8) 0.081
Current age* 15.9 (13.1-18.8) 16.0 (13.2-18.8) 15.5 (11.6-18.8) 0.250
Gender M (%) 134 (66.7) 112 (64.7) 22 (78.6) 0.150
SCIT duration 40.7 (20.4-49.9) 43.5 (24.1-50.4) 23.6 (14.3-35.6) <0.001
Reasons for SCIT

Asthma, 7 (%) 10 (5.0) 4(2.3) 6 (21.4)

AR+Asthma, 1 (%) 154 (76.6) 138 (79.8) 16 (57.2) 0,001

Venom, n (%) 37(18.4) 31(17.9) 6 (21.4) :
Family history of atopy, n (%) 96 (47.8) 84 (48.5) 12 (42.8)
Type of SCIT, n (%)

Grass 157 (78.1) 135 (78.1) 22 (78.6)

Venom 37 (18.4) 31(17.9) 6 (21.4) 0.523

House dust mite 7 (3.5) 7 (4.0) -
Total IgE, kU/L* 218.5(110.2-467.7) 202 (100-439) 290 (184-814) 0.024
Esinophil number/mm>* 200 (100-400) 200 (100-300) 300 (100-400) 0.108
Eosinophil, %* 3.1(1.9-5.4) 3.1(1.9-4.9) 3.5(2.4-5.9) 0.217

SCIT, subcutaneous allergen immunotherapy; AR, allergic rhinitis; M, male. * Median (interquartile range).
Table 2. Reasons of drop-outs before COVID-19 pandemics and during COVID-19 pandemic
Before COVID-19 pandemic n (%) During COVID-19 pandemic # (%)
(total population: 201) (total population: 108)
Systemic reaction 4(14.3) Fear of being infected with COVID-19 11 (35.4)
Moving to another city 9(32.1) The belief that SCIT practice was stopped due to COVID-19 9 (29)
Long distance 2(7.1) Problems of transportation 7 (22.7)
Poor efficacy of AIT 4(14.3) Inability to access allergen extract 2 (6.5)
Improvement of symptoms 5(17.9) Having a COVID-19 infected family member 1(3.2)
Frequency of injections 3(10.7) Few doses left to finalize the treatment 1(3.2)
Inability to access medication 1(3.6)
Total drop-outs 28 (100) Total drop-outs 31 (100)

SCIT, subcutaneous allergen immunotherapy.

completed the treatment and 108 patients continued to
receive SCIT during the course of the study. The overall
SCIT compliance rate was 86.1% (173 out of 201 patients).
In all, 28 patients (13.9%) stopped AIT before recom-
mended time; 2 patients dropped out during year 1
(0.99%), 10 during year 2 (5.8%), and 16 (10.8%) after 2
years of treatment. Among the compliant group (n =
173), all had excellent compliance during the 1st and 2nd
years of therapy. After 2 years of therapy, 93.9% of pa-
tients had excellent compliance, 4.6 and 1.5% had good
and fair compliance, respectively. The change in compli-
ance over time in the whole group; in females versus

Subcutaneous Allergen Immunotherapy
Compliance and COVID-19 Pandemic

males; and in asthma, allergic rhinitis and venom anaphy-
laxis patients were shown in Figure la-c respectively.

The duration of treatment in the drop-out group was
shorter (p < 0.001) and venom anaphylaxis and asthma
were significiantly higher compared to compliant group
(p < 0.001) (Table 1). Moving to another city/country
(32.1%) was the most frequent reason for drop-out (Ta-
ble 2).

The COVID-19 Pandemic Period
The COVID-19 pandemic started officially in mid-
March 2020 in our country. At that time, 108 patients
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Fig. 1. Allergen immunotherapy compliance over time in the whole group (a), in male and female (b), and in al-
lergic rhinitis, asthma and venom anaphylaxis patients (c).

were receiving SCIT, of which 31 (28.7%) dropped out the
therapy and 15 (13.8%) had breaks in their treatment.
Among the drop-out group, the median treatment dura-
tion was 40 months (29-49.8). The most frequent reason
for drop-out was fear of being infected with COVID-19
(35.4%), followed by the belief that the SCIT practise
stopped due to the COVID-19 pandemic (29%) (Table 2).

In the drop-out group, median age of the patients and
percentage of males were higher compared to the compli-
ant group (17.5 years [13.6-19.2] vs. 14.5 years [10.8—
17.1], p = 0.004 and 66.7 vs. 53.2%, p = 0.045), respec-
tively. Additionally, AIT duration was higher in the drop-
out group compared to the compliant group (40.0 months
[29.0-49.8] vs. 28.6 [9.8-42.2] months, p = 0.018). We
further performed univariate and multivariate logistic re-
gression analysis for the risk factors for the development
of the drop-out during the COVID-19 pandemic. Male
gender (OR: 2.972, 95% CI: 1.132-7.804, p = 0.027) and
higher age (OR: 1.209, 95% CI: 1.064-1.375, p = 0.004)
were found to be the independent risk factors for drop-
out during the COVID-19 pandemic.

Discussion

SCIT compliance rate ranges from 44 to 89%. In the
present study the compliance rate was higher than report-
ed earlier [3]. Similar to the present findings, Pajno et al.
[4] observed SCIT compliance in children of 89%. Among
a population of 311 allergic adult and pediatric patients
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receiving HDM SCIT in China, 34.5% were noncompli-
ant. Ineffectiveness was the leading reason for drop-out
(28%) [14]. The cost of SCIT in our country is covered by
the national social security system, which might have
been a major reason for high compliance rate observed in
the present study.

The present findings show that SCIT drop-out was sig-
nificiantly higher in the patients treated for asthma and
venom anaphylaxis. As the patients that received VIT
lived in a different city, most of them dropped out due to
the long-distance commute and/or frequency of injec-
tions. One study reported that allergic conjunctivitis was
associated with SCIT non-compliance, whereas another
study reported that patients with asthma and AR were
more compliant [15, 16]. More and Hagan [17] reported
that the type of respiratory allergic disease was not cor-
related with SCIT compliance.

Studies that compared SCIT compliance according to
age have reported inconsistent findings [18, 19]. Yang et
al. [14] noted that children had a higher compliance rate
than adults, whereas Lee et al. [20]observed that patients
aged <20 years and 20-40 years were more likely to be
non-compliant than those aged >40 years. Rhodes [21]
reported that non-compliant patients were younger than
compliant patients.

In the present study, gender did not affect the SCIT
compliance rate before the COVID-19 pandemic; how-
ever, during the pandemic period males dropped out
more than females, significantly. Musa et al. [5] and
Gelincik et al. [19] found no correlation with gender,

Color version available online
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whereas Yang et al. [14] and Lower et al. [2] reported that
SCIT compliance was higher among males.

The present findings show that moving to another city
was the most common reason (32.9%) for SCIT drop-out,
followed by symptom improvement (17.9%). Lourenco
reported that 23% of patients dropped out during SCIT
because of clinical improvement, primarily during the
2nd and 3rd years of treatment [18]. Yang et al. [14] re-
ported it as 22%.

We found treatment ineffectiveness (14.3%) as anoth-
er important reason of AIT drop-outs. Ineffectiveness
was reported in previous studies in 8-66% of drop-out
results [1, 4, 14, 18, 19]. Adverse reactions were also re-
ported in several studies as a reason for drop-outs in 3.9
to —11% of drop-outs [18, 21]. Systemic reactions were
also one of the leading reasons for drop-out (14.3%) in the
present study although it was not reported frequently in
our center previously [22, 23]. In contrast to literature,
the cost of SCIT was not a reason for drop-out in the pres-
ent study, most likely because it is paid for social security
system of our country.

In the present study, fear of being infected with CO-
VID-19 was the most common reason for SCIT drop-out
during the COVID-19 pandemic. Although all necessary
precautions were taken, the patients chose not to con-
tinue to SCIT, as the hospital was a COVID-19 pandemic
center. In all, 29% of the patients dropped because they
thought SCID was cancelled based on news reports that
the hospital was admitting only emergencies. In addition,
during the COVID-19 pandemic period, all intercity trav-
el was banned and, in most of the cities curfews were put
into effect. As a result of this situation 22.7% of patients
dropped out due to transportation problems. In addition,
6.5% of the patients could not access to allergen extract
and 1 patient was unable to continue SCIT, as his father
(ahealth worker) was hospitalized with COVID-19 pneu-
monia. One patient’s AIT was terminated earlier, who
was an out of town patient and in the final months of AIT.

In the present study, older age and male gender were
correlated with drop-out during the COVID-19 pandem-
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