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ARTICLE INFO ABSTRACT
Keywords: Objective: To analyze various risk factors including causes that may lead to adverse reactions,
Allergic rhinitis (AR) especially systemic adverse reactions ( SRs ), before and after mite allergen subcutaneous

Allergic asthma (AS)

Dust mite extract
Subcutaneous immunotherapy
Systemic reactions

immunotherapy (SCIT), so as to provide real-world reference data for further improving the safety
of mite allergen SCIT. Methods: The local adverse reactions ( LRs ) and SRs of 230 patients with
allergic rhinitis and/or asthma who received SCIT in Weifang people’s hospital were analyzed
retrospectively. The data of patient characteristics, drug factors and environmental elements of
adverse reactions were collected and statistically analyzed. Results: There were 28 cases (12.2%)
of SRs in 230 patients. All the patients received a total of 7515 injections and 37 SRs (0.49%)
were observed. 32.4% (12/37) of SRs could identify their external and subjective triggers. SRs
patients had higher 2-year SCIT compliance than no-SRs patients (p = 0.026). The prevalence of
SRs in SCIT patients with atopic dermatitis or simple allergic asthma are no statistical significance
(P = 0.111). Conclusion: the incidence of SRs in this study is within an ideal range. Through
professional patient education and pre injection risk factor assessment, Compliance is still well-
controlled and guaranteed although SRs occurred.

1. Introduction

Dust mite, as a major aeroallergen widely existing all over the world, also ranks first in allergens causing allergic diseases in
Weifang city [1]. Although allergen avoidance is the most effective treatment in theory, it is difficult to completely avoid exposure to
mite allergens in real life. Allergen-specific immunotherapy(AIT) is the only specific and disease-modifying treatment for allergic
conditions [2,3]. In the nearly century, starting with the SCIT of “hay fever”, numerous patients with aeroallergen and even food
allergens have experienced AIT with different purification methods and intake routes, including SCIT and the later SLIT, and
SLIT-tablet treatment which may be widely used in the future.
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SCIT may cause some mild local adverse allergic reactions presented as redness or pruritus at the injection site but is also related to
it an approximate 0.1%-4% risk of SRs per injection [4]. The SCIT safety issue has been greatly improved when the risk factors
associated with allergen injections in patients with uncontrolled asthma has been recognized and therefore avoided [5]. Explore of
other circumstances presumed to trigger adverse events according to the clinicians would be helpful in identifying important risk
factors for injection-related SRs.

AIT injection in pollen sensitized patients during the pollen season may increases the risk of SRs [6,7]. A prospective survey of 1500
AR patients sensitized to a single allergen in the pediatric population showed that the incidence of SRs in AIT (SCIT and SLIT) was
1.53%, and the incidence of SRs in dust mite-allergic patients is lower than that in patients with pollen-sensitized [8]. There is con-
flicting and limited evidence in the current report about concomitant atopic dermatitis (AD) would increase or reduce the incidence of
adverse reactions during SCIT in patients with allergic rhinitis and/or asthma [9,10]. Moreover, whether the high levels of serum
specific IgE(sIZE) or occurrence of LRs will increase SRs risk is still controversial [11,12].

Routine pre injection medical history inquiry and pulmonary function monitoring before SCIT are essential to avoid different
degrees of SRs and even fatal reaction. International consensus stated uncontrolled asthma, pregnancy, malignant tumors, serious
autoimmune diseases and application of p-receptor blocker is regarded as the absolute or relative contraindication of SCIT [13], it is
also used in clinical practice as a diagnosis and treatment guide in China [14]. Although the prior situation was effectively avoided
before SCIT, unexpected SRs may still occur. Therefore, detailed risk factors analysis and induction of historical injection adverse
reactions will be of great significance to further reduce SRs.

1.1. Patients

We retrospectively analysis 230 IgE-mediated disorders in allergen-sensitized subjects who underwent SCIT of allergen extract
from house dust mites (Dermatophagoides farinae 50%, Dermatophagoides pteronyssinus, 50%)/Novo-Helisen-Depot (Allergo-
pharma, Berlin, Germany) in the Allergy Department of Weifang People’s Hospital from May 2013 to December 2018, including 135
males, 95 females. The primary endpoint was to observe the number and incidence of SRs in patients received SCIT of allergen extract.
There were 135 patients under 18 years old when the immunotherapy initiated. This study is a retrospective and observational studies
study in which the treatment process of patients is carried out according to the EAACI Allergen Immunotherapy User’s Guide [15] and
drug instruction, the dose was adjusted in the actual implementation. All participants were received at least one injection. Patients or
guardians of children were informed and signed informed consent of SCIT. In addition, the study was approved by the Ethics Com-
mittee of the Ethics Committee of Weifang People’s Hospital.

230 patients are 5-62 years old before treatment, children younger than 18 years old were defined as children and otherwise
defined as adults in this study. Subjects were diagnosed with AR or AS according to the ARIA guidelines; they all had single allergen
sensitization to Dust mites (Dermatophagoides pteronyssinus [Dp] and Dermatophagoides farina [Df]) that was confirmed by skin
prick test (SPT) or serum sIgE detection before enrollment in the study. SPT results >“++" and sIgE>1 grade were used as positive
inclusion criteria. Other conditions, such as chronic obstructive pulmonary disease, pregnancy status, and previous exposure to dust
mite-specific immunotherapy were excluded.

1.2. Treatment

Patients were recommended to receive conventional dose-increasing treatment and maintenance treatment according to the
Summary of Product Labeling, characteristics and the dosage was titrated according to tolerability [16] #13). Treatment was initiated
with the lowest dose of the weakest strength (strength 1), after the treatment start, regularly dose increased according to individuals’
tolerability, until was reached the individual maximum dose or maximum dose of strength 3(1.0 ml). However, the dose may be
increased only if the last dose was well tolerated. If not, the last dose would be repeated or reduced. While the interval between any two
injections need to more than 7 days, an increase in the injection interval to up to 14 days. After the individual maximum tolerated dose
was reached, the injection interval was gradually extended to 4-6 weeks for maintenance treatment.

Before each time of injection, the patient was free of acute symptoms of illness, such as allergic complaints or the cold; in particular,
there must be no asthmatic complaints. The physicians and nurses regularly assess patients’ physical examination(body
temperature<37.5 °C), peak expiratory flow(PEF > 80% of Predicted value). If these symptoms or abnormal index exists, the injection
would be delayed.

After each injection, the patient needed to be medically supervised for at least 30 min and then evaluated by the physician. In
individual cases, delayed local reactions may occur at the injection site, which should be considered to be a visible manifestation of the
immune response. Patients also may rarely experience undesirable SRs several hours after an injection. All of these would be followed
up and recorded immediately once if happens. The attending physicians assessed patients’ LRs and SRs before the next injection and
make a decision to take repeated dose or escalated dose. It is also necessary to record the general situation, clinical diagnosis, changes
in symptoms and signs during immunotherapy, reactions after injection, specific conditions of adverse reactions and medication usage.

1.3. Classification and solutions of adverse reactions
The judgment of adverse reaction grading is based on the SCIT adverse reaction standard developed by World Allergy Organization

(WAO) Subcutaneous Immunotherapy Systemic Reaction Grading System [17], SRs can be divided into 5 grades: grade O is asymp-
tomatic or the symptoms are not related to immunotherapy; grade I is mild systemic reactions, including: local urticaria, rhinitis or
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mild asthma; grade Ilis manifested as Moderate systemic reactions, with slow-onset urticaria, more than 15 min, or with moderate
asthma; grade III non-fatal severe systemic reactions, such as rapid onset of generalized urticaria, more than 15 min after injection In
patients with severe asthma or angioedema, grade IV manifests as anaphylactic shock with rapid onset of skin itching, flushing,
generalized urticaria, asthma attack, or hypotension. Adverse reaction can be divided into LRs and SRs according to the symptoms of
the reaction. LRs in SCIT refer to any pruritus, redness, and swellings except pain located at the area of administration. In this study we
only recorded the SRs and the larger LRs defined as the maximum diameter greater than 8 cm which might affect the patient’s
compliance. Thirty minutes is generally recognized as the critical time of immediate or delayed adverse reactions after SCIT injection.
SRs and LRs involved in this study are rapid reactions. Local indurations and other discomfort symptoms after injection are not
counted.

For LRs, the observation time after injection was extended to 45-60 min, temporary pharmacotherapy of cetirizine syrup and
external application of ice bag at the injection site were routine given. The cutaneous presentations in grade I SRs may rapidly progress
into more severe reaction, intramuscular injection of epinephrine (1:1000)and dexamethasone was administered in Gradel-III SRs,
with the patients who developed chest tightness and suffocation after the injection of SCIT injection, inhaled corticosteroids (ICS) plus
rapid, long-acting beta(2)-agonists (LABA) inhalation was added. The observation time was extended until the symptoms were
relieved, and there was no stridor on lung auscultation. One case of delayed SRs was treated by local clinic and the symptoms were
relieved, no LLRs and SRs progressed to a higher level of adverse reactions, no life-threatening GradeIVand fatal GradeVSRs occurred
in this study.

1.4. Statistical methods

SPSS 26.0 software was used for statistical analysis of the data. Continuous data were described as Psg (P25, P75). Mann-Whitney U
test was employed to compare the indexes between two groups. Categorical data were described as percentages. Chi-square test was
used to analyze the rate or proportion between groups. Fisher’s exact test would be used when the data did not meet the conditions of
the chi-square test. P < 0.05 was considered statistically significant.

2. Results
2.1. Patients

From 2013 to 2018, a total of 7515 SCIT encounters in 230 double-mite sensitized patients were included in this study. There were
2(0.9%), 36 (15.7%), 66 (28.7%) and 126(54.8%) patients with AD, AS, AR and coexistence of multiple allergic diseases (Table 1).
Among these subjects, the age distribution ranged from 5 to 62 years, with 153 (66.5%) children and 77 (33.5%) adults, with a median
age of 12.0(P25:7.0, P75:28.3) years. Among the comorbid multiple immune diseases, 112 (48.7%) cases belonged to AR/AS (75
children and 37 adults), and 14 other types, including AR/AD, AR/Allergic conjunctivitis, AR/Urticaria, AR/AS/AD, AS/AD. AR/
Allergic conjunctivitis and AR/Urticaria were not observed in children.

2.2. SCIT-related systemic reactions during administration

Of these administrations, 28 patients experienced 37 SCIT related SRs (0.49% or 4.9 per 1000 injections), only a single late-onset
(beyond 30 min after injection) SRs was recorded in this study. When patients who experienced SCIT related SRs were compared with
the no adverse reaction group, no difference was found between the groups in gender or age at the initiation of SCIT. It is noteworthy
that the incidence of SRs in AD patients and simple AS during SCIT is significantly lower (1/37) than that in group beyond them. In
terms of mean injection course (days), there was no significant difference between SRs group and no SRs group. The incidence of SRs is
shown by demographic of patients in Table 2 and by age group in Table 3.

Among all SCIT-related SRs, 22 times (59.5%) were gradel, 12 times (32.4%) were grade II, and 3 times (8.1%) were grade III, none
of grade IVor gradeV SRs was observed. Cutaneous symptoms (73.0%) formed by generalized pruritus and urticarial within 30 min
were the main manifestation of SRs. Secondly, SRs appears in the onset of lower respiratory tract symptoms (32.4%) manifested by

Table 1

Baseline demographic and clinical characteristics of patients.
Variable Children (n = 153) Adults (n = 77) Overall (n = 230) f P
Gender, n (%) 16.228 <0.001
Male 104(68.0%) 31(40.3%) 135(58.7%)
Female 49(32.0%) 46(59.7%) 95(41.3%)
Age, P50(P25, P75) 9.0(6.0,12.0) 35.0(27.5,44.5) 12.0(7.0,28.3) <0.001"
Diagnosis, n (%) 2.533 0.469
AR 42(27.45%) 24(31.17%) 66(28.69%)
AS 27(17.65%) 9(11.69%) 36(15.65%)
AD 2(1.31%) 0(0.00%) 2(0.87%)
Others 82(53.59%) 44(57.14) 126(54.78)

@ Represents MannWhitney U test.
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Table 2

Demographic of patients with SCIT-related SRs and no SRs.
Demographic Overall Patients with SRs Patients with no SRs 7 P
Gender 0.994 0.319
Male 135 14 121
Female 95 14 81
Age —0.898 0.369
Pso (P2s,P75) 14.00 (5.00,16.00) 13.5 (7.50, 34.25) 12.00 (7.00,27.00)
sIgE grade -0.971 0.331
Pso (P2s,P7s) 6.00 (5.00,6.00) 5.00 (3.25,6.00) 4.00 (3.00,6.00)
Treatment course (days), -0.783 0.434
Pso (P25,P75) 1566.00 (1290.00,1786.00) 901.00 (740.75,1146.75) 841.00 (286.50,1153.00)
Course of treatment 4.986 0.026
Above 2 years 136 22 114
Below 2 years 94 6 88
Diagnosis 0.111°
AD 14 1 13
Simple AS 36 1 35
other type 180 26 154
@ Represents Fisher’s exact test.

Table 3

Symptoms of SCIT-related LLRs & SRs by age group.

Children (n = 153) n (%) Adults (n = 77) n (%) Overall (n =230)n (%) 12 P

Total Large local reactions 20(13.07) 3(1.96 ) 12(15.59) 1(1.30) 32(13.91) 4(1.74) 0.270 0.603 1.000a
Systemic reactions 17(11.11) 11(14.29) 28(12.17) 0.483 0.487
Systemic urticaria 13(8.50) 5(6.49) 18(7.83) 0.285 0.593
Respiratory and thoracic disorders
cough 2(1.31) 3(3.90) 5(2.17) 0.337 a
chest tightness 3(1.96) 3(3.90) 6(2.61) 0.405 a
asthma 1(0.65) 1(1.30) 2(0.87) 0.619 a
nasal disorders
stuffy nose 0 1(1.30) 1(0.43) 0.335b
conjunctivitis 0 1(1.30) 1(0.43) 0.335b

Denominator for % calculation was the total number of patients in each respective group from SAF. a represents Fisher’s exact test.

Occurrence times

M grade | SRs M grade 11 SRs M grade 11 SRs

Fig. 1. Occurrence times of SRs in different injection phase.
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chest tightness, cough and shortness of breath, gastrointestinal symptoms and allergic rhinitis with conjunctivitis occurred in 2 adult
female patients respectively.

For the perspective of administration dose, the numbers of SRs in the Strength1-3 dose-increasing phase and Strength 3 mainte-
nance phase were 2, 1, 16, and 18, respectively. Incidence of gradel-II SRs in Strength 3, both dose-increasing phase and maintenance
phase are higher than Strength 1-2(Fig. 1). In terms of time, we observed that SRs occurs in each month; it was less (1-2 times) in
January, February, July, August and October, while the incidence in December was more prominent, for 8 times (Fig. 2).

We sorted out the relevant information about patients’ daily activities and discomfort symptoms before and after SCIT in the data
set, and observed some factors that may trigger SRs. Twelve events (32.4%) were screened out, among which 8 cases (21.6%) were
caused by strenuous exercise, hot bath or eating sensitized food before or after injection, and 2 cases were caused by AR onset before
injection, accounting for 5.4%. There was 1 case (2.7%) of SRs caused by irregular injection interval during treatment. Other SRs was
arising by the patient’s sensitivity to drugs and poor tolerance.

2.3. Compliance

Of the 230 patients who participated in the study, 59.1% ( 136 ) completed at least two years treatment. Case records and follow-
up of patients showed there were three dominant reasons of terminating treatment: firstly, each patient must be administered in the
clinic. The frequency of SCIT conflicts with the disposable time of patients (42.6%), especially school-age children; Secondly, economic
factors mainly involve adult patients (28.7%), they switch AIT treatment regimen to inexpensive but frequently administered SLIT or
SCLT without sustained release characteristic; The third cause attributed to the failure improvement of patient’s self-reported
symptoms (13.8%). Only 6.4% of the unexpected lower compliance was attributed to the concern of patients or their parents about
local/systemic adverse reactions.

3. Discussion

Although there was rising trend of allergic diseases caused by airborne allergens in China, there are only a few dust mite extracts for
use in SCIT at present, two of them are adsorbed to aluminum to standardize in standard quality units and retard the rate of systemic
dispersal of the allergen, with the purpose of further improving the efficacy and reducing the incidence of SRs [18,19]. The efficacy and
safety of SCIT are contradictory to some extent, sufficient effectiveness often represents a higher incidence of adverse reactions,
nevertheless, without the reduction of SCIT compliance compared with SLIT [20,21]. Some subjective or objective events such as
uncontrolled asthma, history of prior systemic reactions, high allergen season, accelerated injection course, dose error and so on are
regarded as risk factors of SRs [4]. In this retrospective study, we found that the SRs incidence of SCIT with allergen extract from house
dust mites is 0.49%, which is roughly equivalent to 0.48% reported by Zhang et al. [22] and 0.47% reported by Chen et al. with the
same product [9]. We observed many demographics, clinical characteristics and patient behavior that may be listed as risk factors for
SRs. It is worth noting that only 2 patients with SRs involved in this study terminated SCIT due to the occurrence in the Strengthl, the
remaining patients persisted at least two years of injection despite sustained one or more SRs. Notably, the majority of LLRs and
roughly half of SRs occurred in the conventional up-dosing phase, which also shows that maintain treatment with the SCIT allergen
extract tends to reduce the incidence of local adverse reactions [16] and SRs.

By taking two ways, the patients in SRs group have better 2-year compliance than those in no SR group in this study. On the one

Number of SRs

? 3 4 Y 6 7 8 9 10 1 12
Month

Fig. 2. Number of SRs occurrences in each month.
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side, we improved patient education to patients with SR. Then they realize the occurrence of SRs just come from the immune response
of immunotherapy. On the other side, pay more attention and prolong the supervised time in these patients after injections, solve the
safety issues as soon as possible so that to strengthen their confidence and determination about SCIT. As a result, 22(78.6%) patients
with SR completed at least two-years AIT eventually.

This study has not shown a causal relation between patient characteristics (gender, age) and the tendency of SRs. Up to now, there
was limited evidence that aeroallergen-sIgE can be used alone or in combination with other factors as SRs predictors of AIT, one study
on bee venom desensitization shows that low sIgE associated with severe SRs [23], there was also no significant difference in dust mite
sIgE level between SRs group and no SRs group in our research. In addition to single AR, AR’ comorbidities were included, patients
suffer from other clinical indications [15] of SCIT such as single AS (15.6%) and with AD (6.1%) were also selected in this study. At
present, there was conflicting evidence to show the exact efficacy of AIT in AD patients, or SCIT is currently not recommended as a
general treatment option for AD [24], but it is an indisputable fact that AD and simple AS patients have low SRs rate(1/37) in this
study. It is worth noting that the proportion of disease in this study does not represent the actual incidence rate. The high enrollment
rate of AS may reflect AS patients’ poor tolerance to disease, so they are preferred to choose SCIT which is usually described as
etiological treatment.

In this study on the risk factors of SRs, we found that in addition to the above objective factors, the inductive behavior of patients
before and after injection is an important trigger for the occurrence of adverse reactions, such as factors that accelerate local or
systemic blood circulation within 12 h before and after injection, carsickness and fatigue on the way to the clinic and unplanned cluster
buildup schedules [25]. Beyond these risk factors involved in the contraindications or precautions of the drug instructions, we found
another situation that needs be emphasized: complications other than uncontrolled asthma before injection, such as onset of AR and
AD attack caused by food.

In addition to the SRs-trigger we observed above, more than 2/3 of SRs still have no specific high-risk factors, and the suggestive
detection of SRs beyond lung function test/PEF was still unclear. In clinical practice, there were rare reliable biomarkers for predicting
the safety and accurately reflecting effectiveness of AIT [26,27]. Local reactions were poor predictors of local reactions with the next
injection, thus, the evidence from Two large studies does not support a modification in dosing because of a LLRs, with the expectation
of decreasing the likelihood of an SRs with the next injection [19,28]. In addition to the detection of lung function in clinical SCIT
treatment, fractional exhaled nitric oxide(FENO) [29], as an indicator of airway eosinophilic inflammation, may be a potential and
realistic predictable marker of SRs.

Intramuscular epinephrine is an internationally recognized first-aid management for anaphylaxis or acute severe allergic reactions
[30], up to now, no epinephrine auto injector available in China, one follow-up Study shows that over 95% of SRs occur within 30 min
after SCIT injection [31], instant symptom-relieving pharmacotherapy to minimize SRs before, during and after immunotherapy
depends on the timely and correct diagnosis of clinicians. In this study, antiallergic drugs such as Hl-antihistaminesin syrup form
and/or LABA were used to treat SRs of grade I-1II, for patients with SRs history and injection in the dose-increasing stage of Strength 3
were give H1 antihistamines before SCIT orally. These drugs can effectively control the symptoms and lay a foundation for further
immunotherapy. There was still controversy regarding whether to adjust the injection dose after the occurrence of LLRs to reduce the
risk of SRs [19]. In this study, there is no intersection and age group bias in patients between the occurrence of LLRs and SRs, but from
the total number, especially the absolute value of SRs, it can be perceived that the incidence of adverse events in children is lower than
adults, which may be related to the attention paid by these parents to the precautions before and after children’s AIT injection, thus
effectively avoiding some risk factors that may cause adverse reactions.

Dust mites generally exist as perennial allergens, but obviously their concentration or reproductive quantity also has seasonal
regularity. Xiang et al. [32] collected indoor dust samples from Beijing dust mite sensitized patients and measured the content of main
protein components of dust mite allergens. The results showed that the average concentration of house dust mites was significantly
higher in winter, followed by autumn. Feng et al. [33]investigated the reproduction of indoor dust mites in northern China. They found
that mites began to reproduce in March; the number of mites began to rise from April to May and reached the peak in September. In this
study, we found that the highest incidence of SR in December, it may be caused by environment changes of north China. In winter,
there is a higher concentration of mites indoor. In the middle of November, the weather gets cold, northern China begin to close the
windows and use heaters, air indoor becomes poor-ventilation and dry. Most families use a humidifier to increase indoor temperature
and humidity which are suitable for mite reproduction. The markedly increasing SRs from March to May and September can also be
explained by the seasonality of mite allergens from the above reports. However, the spread of seasonal pollen allergy may be also one
reason which lead to elevated SR, but this hypothesis needs to be evaluated in future study.

These were few limitations presented in this study. First, some data may be missing during retrospective data collection. Secondly,
as the sample size of adults in the data set is smaller than that of children, there may be some deviation when analyzing adverse
reaction differences between the two age groups.

In conclusion, the incidence of SRs in this study matching that reported in previous studies. We found that except for 1/3 SRs with
clear risk factors which expected to be further reduced through patient education and pre injection evaluation by clinicians, most SRs
are unpredictable, and new biomarkers and examination methods that can predict adverse reactions need to be developed. In addition,
in this study, the compliance of SRs group is higher than that of no SRs group, which may suggest that SRs group has better curative
effect. There was only 1/37 case of SRs in both AD patients and as patients, and its underlying molecular mechanism remains to be
studied. The reproduction and increased concentration of indoor mite allergens are also a risk factor for SRs.
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