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Abstract

Allergen-specific immunotherapy (AIT) is the only treatment that modifies the underlying pathophysiology of  
IgE-mediated allergic diseases. Evidence shows the efficacy in achieving better control of the symptoms and reduction  
in medication use in patients with allergic rhinoconjunctivitis and/or asthma. It should be used in association with 
proper pharmacotherapy for at least three years. The benefits are sustained for several years after discontinuation of 
treatment. Moreover, it may prevent the development of new sensitization and progression of disease from allergic  
rhinitis to asthma in children. The favorable efficacy of AIT is associate to the appropriate selection of patients,  
allergen extracts, adherence, and duration of treatment. Safety during AIT is another concerning issue. AIT has 
an acceptable safety profile if administered under the appropriate circumstances. Future studies investigating the  
prescription, efficacy, and safety need to be developed. The new application routes, use of adjuvants, modification of 
allergens, and use of biologics are currently under evaluation. Moreover, there is an urgent need for real-world data in 
developing countries regarding the cost-effectiveness analysis, and optimization of AIT schedules and products, so that 
clinical practice and implementation of AIT for respiratory allergic diseases can be effective and safe. 
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Introduction
Respiratory allergic diseases, especially allergic rhinitis 

(AR) and asthma, are among the most frequently encountered  
non-communicable diseases and significant contributors to 
the global burden of diseases worldwide. Epidemiological  
studies have demonstrated that up to 40% of the global  
population suffer from respiratory allergic diseases.1,2 The  
rising trend of respiratory allergies is observed particularly 
in developing countries. Likewise, population-based surveys  
using a validated questionnaire conducted in Thai children 
and adolescents show the prevalence of AR and asthma to be 
increasing in the past decades.3,4 The impact of the diseases on 
patients’ health and quality of life has long been recognized, 
as well as the associated economic burdens.1,2 
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T reg and B reg cells produce TGF-beta, IFN-gamma, and 
IL-10 which are essential for immunomodulatory activities.  
These cytokines inhibit the production of type 2 cytokines  
and histamine release from mast cells and basophils,  
eosinophilic cationic protein release. Moreover, they facilitate  
the changes of antibody isotypes in plasma cells to IgG4 and 
IgA2 instead of IgE and promote immune deviation from 
Th2 to Th1 cytokine response.9,13-17 Recently, a novel effector  
subgroup of T reg cells, follicular regulatory T (Tfr) cells, 
have been identified to show an increase after AIT. Tfr cells 
can suppress B-cell activation and antibody production.16  
Existing evidence also suggests the role of AIT in altering 
innate immunity via innate lymphoid cells type 2 (ILC2) 
and inducing tolerance.18-20 Although, skewing of innate and 
adaptive immune response to a regulatory phenotype is a 
key event of successful clinical improvement by AIT, the  
immunological markers which can be consistently correlated  
with clinical improvements or predictive of long-term  
tolerance remain elusive.9

The treatment of respiratory allergic diseases includes  
patient education, allergen avoidance, pharmacotherapy, 
and allergen-specific immunotherapy (AIT).1,2 AIT, repeated  
allergen administration at regular intervals, has been used 
as the treatment option for AR since 1911. It is currently  
the only treatment intervention for IgE-mediated allergic  
diseases which aims to modify the underlying immunologic  
mechanisms, ameliorate the diseases, as well as prevent 
the development of new sensitization and the progression 
of disease from AR to asthma.5-10 Although AIT has been  
considered as an effective treatment modality, the use of AIT 
in the real-world practice especially in developing countries 
is still very limited. The potential barriers are its safety, its  
labor-intensive nature, protracted duration of treatment, high 
expense, the limited awareness of patients and unfamiliarity 
with AIT among practitioners.11 

The aims of this review were to utilize the most  
current evidence on AIT for the treatment of respiratory  
allergies to optimize clinical practices and to outline the  
recommendations for the implementation of an effective and 
safe use of AIT for respiratory allergic diseases. In addition, 
we update the relevant topics involved in the administration 
of AIT for AR and asthma that would help physicians and 
healthcare providers in clinical practice. 

Definition of AIT
AIT refers to the repeated administration of allergen  

extracts at an effective dose, with regular intervals, for an 
adequate period. The treatment goal is to modulate immune 
system, resulting in long-term relief of the allergic symptoms,  
reduced medication use, and prevention of the development 
of new allergies. The clinical benefits of AIT persist after  
discontinuation of the treatment. Even though AIT can be 
administered in many routes. the standard routes of AIT 
for respiratory allergies remain as a subcutaneous injection 
or subcutaneous immunotherapy (SCIT), and sublingually  
administered as sublingual immunotherapy (SLIT) in either 
liquid or tablet forms.5-8,12 

Immunological mechanism of AIT
The allergic immune response begins with the specific  

allergen being processed by the dendritic cells (DC) or the 
other antigen-presenting cells (APC) beneath the airway  
epithelium. Subsequently, these cells present the antigen to 
the immune system in the nearby lymphoid organs. Type 2  
adaptive immune response is stimulated and type 2 cytokines 
(e.g., IL-4, IL-5, and IL-13) are synthesized and released to  
allow the production of allergen-specific IgE. This leads to the 
allergic inflammation and clinical symptoms.9 

The mechanisms of AIT are complex and still not fully  
understood. The repeated administration of high-dose allergen  
extracts leads to the development of immune tolerance 
which is defined as a decrease in the allergen-specific  
hypersensitivity. The immune tolerance mechanisms are 
mainly associated with the induction of regulatory subsets 
of T and B cells (T reg and B reg), immune deviation in  
favor of T-helper 1 (Th1) response, and the production 
of allergen-specific IgG4- and IgA- blocking antibodies. 

Clinical efficacy of AIT
Allergic rhinoconjunctivitis (ARC)	

Since the first publication of successful SCIT treatment 
by Noon in 1911, numerous studies have demonstrated that 
both SCIT and SLIT can significantly improve nasal and  
ocular symptoms, reduce symptomatic medication usage, 
and improve the quality of life in ARC patients.5,6 These data 
have been evaluated in several meta-analyses and reviews.21,22 
Moreover, there is evidence indicating that these benefits 
are sustained after treatment discontinuation.23 A Cochrane  
meta-analysis which included 51 studies in 2871 patients 
who were treated with SCIT for seasonal ARC, revealed 
significant improvements in symptoms severity, quality of 
life, medication score and immunological parameters.22  
However, the heterogeneity of these SCIT studies existed 
due to differences in outcome measurements, and variability 
in the optimal dosage of allergen extracts. In perennial AR, 
strong evidence of SCIT efficacy appeared primarily in house 
dust mite (HDM), cockroach and cat allergen extracts.5,24 The  
evidence on molds and other furry pets’ allergen extracts was 
limited.6,7 

The effectiveness of SLIT drops was first reported in 
a randomized placebo-controlled trial (RCT) in 198225 
and since then has become a favored approach of AIT 
with especially high acceptance in Europe due to ease of  
application and favorable safety profile. The efficacy of 
SLIT drops remains controversial due to the heterogeneity 
of its dosing regimen.6,12 In contrast, SLIT tablets, another  
formulation of SLIT which uses standardized allergen  
extracts, has been extensively studied in high-quality, large, 
and well-designed RCT.26 The efficacy of SLIT tablets has 
been established with HDM, grass pollen, ragweed, birch, 
and Japanese cedar pollen extracts.12,26,27 When comparing  
pooled efficacy data from RCTs of SLIT tablets for  
seasonal and perennial AR to that of pharmacotherapy,  
SLIT demonstrated comparable overall improvement  
in total nasal symptom scores to nasal steroid but  
superior to that of oral antihistamine and antileukotriene.27
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Nevertheless, comparison between SLIT tablets and  
pharmacotherapy was singularly disparate, as the SLIT 
studies allowed use of relief medications, whereas the  
pharmacotherapy trials usually did not.26

Both SCIT and SLIT are effective. However, the lack 
of any high quality, head-to-head clinical trials means that 
any definitive knowledge as to their comparative efficacies  
remains out of reach.28 However, a recent network  
meta-analysis suggested a more favorable outcomes of SCIT 
over SLIT in HDM-AR patients.29 On the other hand, because 
of the reported heterogeneity associated with the included 
studies, the evidence that SCIT is superior to SLIT remains 
inconclusive. 

Local allergic rhinitis
A significant proportion of rhinitis patients who are 

without systemic IgE-sensitization either through SPT 
or serum specific IgE still display nasal reactivity upon  
nasal allergen provocation test. This disease phenotype has 
been termed local allergic rhinitis (LAR). AR and LAR 
share many features including type 2 nasal inflammation 
in the nasal mucosa and secretions, a significant rate of  
asthma development and the same therapeutic strategies.30,31  
Moreover, a recent systematic review and meta-analysis  
supported the effectiveness and safety of AIT for LAR.  
However, its effects were restricted to studies with short-term 
outcome.32 Thus, higher-quality studies with longer follow-up 
periods are required.

Asthma
There is evidence from meta-analyses that AIT could 

improve short-term symptoms and medication scores in 
both seasonal- and HDM-allergic asthmatic subjects.33  
Additionally, a few studies showed that SCIT decreased  
airway hyperresponsiveness, improved quality of life, and 
had beneficial long-term effects.33 Large well-designed 
RCTs which utilized HDM SLIT tablets in HDM-allergic  
asthmatics demonstrated an improvement in clinical  
outcomes, ameliorated the risk of exacerbations and reduced  
the use of inhaled steroid.34,35 Although these studies  
included partly controlled, mild-to-moderate asthmatic  
patients, the HDM SLIT tablets were well tolerated and 
there were no severe, or fatal adverse reactions. Similarly,  
a recent systematic review demonstrated that HDM SLIT 
tablets showed a tendency to effectively reduce inhaled  
steroid use in adults and adolescents with well, to  
partly controlled, mild-to-moderate allergic asthma while  
maintaining a favorable safety profile.36 This evidence had led 
the Global Initiative for Asthma (GINA) and the European  
Academy of Allergy and Clinical Immunology (EAACI) 
guidelines to recommend the use of HDM SLIT tablets as 
an add-on therapy for HDM-induced allergic asthma.37,38  
Nevertheless, both SCIT and SLIT have been insufficiently 
studied in uncontrolled or severe asthma.36 

Prevention of asthma in AR children
AR is a significant risk factor for development of asthma  

in children. In an open-label RCT in AR children with birch 
and/or grass pollen allergy, the treatment with SCIT had a 
significantly preventive effect on the development of asthma,  
up-to the 10-year follow-up.39 In a large well-design  
double-blind placebo RCT in AR children treated with grass 
pollen SLIT tablets for 3 years, lower number of children  
diagnosed with asthma at 2-year after SLIT cessation 
was shown. Although, the difference was not statistically  
significant. Meanwhile, there was a significant reduction in 
the number of asthma symptoms and medication usage in the 
SLIT treated children.40 A systematic review concluded that 
a 3-year AIT treatment also significantly reduced the risk of  
onset of asthma in children with AR.41 It is important to note 
that this strong evidence is shown only on grass and birch 
pollen allergy. The evidence for HDM AIT, on the other hand, 
is weaker due to much smaller RCTs.42 

Prevention of new allergen sensitization 
It is well known that the risk of developing new allergic 

sensitization increases over the years. Several studies reported  
that patients treated with AIT were less likely to develop 
new sensitizations, not only during AIT but for several years  
following completion of the treatment course.42 A systematic  
review and meta-analysis demonstrated a protection of 
new-onset allergen sensitizations within two years after  
completion of AIT. However long-term preventive effect was 
not shown compared to the non-AIT group.41 

Cost effectiveness of AIT
Systematic reviews suggest that AIT is more cost-effective 

compared to the standard pharmacotherapy in AR patients. 
Most of these studies were conducted in Europe and the Unit-
ed States, and thus it needed prudent interpretations when ap-
plying to developing countries where medical care can be less 
costly. In Thailand, retrospective studies showed that SCIT 
was both effective and cost-saving, with an average reduc-
tion in treatment cost of 254.2 USD/year.43,44 However, more 
well-designed cost-effectiveness studies of AIT in developing 
countries are required before AIT can be recommended at the 
national health policy level. 

Selection of patients 
AIT should be considered as a treatment option in  

individuals when all of the following conditions5,6 are met:

•	 Symptoms suggestive of AR and/or conjunctivitis  
and/or asthma

•	 Evidence of IgE sensitization (positive skin prick 
test (SPT) and/or serum specific IgE) to one or more  
clinically relevant allergens

•	 Debilitating symptoms despite appropriate pharmaco-
therapy and/or allergen avoidance strategies
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Other additional benefits of AIT compared to  
pharmacotherapy alone are the long-term modifications 
of disease trajectory and prevention of allergic disease  
progression. AIT may be especially considered in children 
for its long-term advantages on AR, and the potential to  
prevent asthma and new sensitizations. Consequently, AIT 
is also suitable for AR patients whose symptoms are not  
effectively controlled despite optimal treatment or those 
who have intolerable adverse reactions to pharmacotherapy.  
Finally, AIT should always be used in association with  
appropriate pharmacotherapy and allergen avoidance  
strategies.6 

Contraindications for AIT
Absolute contraindications of AIT5,6,45 are as followed:

•	 Poorly controlled or uncontrolled asthma (FEV1 < 70%  
predicted); It should be noted that uncontrolled  
asthma is the most important risk factor for fatal  
adverse reactions to AIT. Before prescribing AIT,  
asthma should be well-controlled or at least partly  
controlled. 

•	 Severe, active autoimmune diseases
•	 Active malignancies

The relative contraindications where AIT should only 
be used with cautions due to higher potential for adverse  
reactions6,7,45 are:

•	 Severe cardiovascular diseases
•	 Beta-blockers or angiotensin converting enzyme (ACE) 

inhibitors use; The use of these medicines may increase 
the risk of severe anaphylaxis and diminish the effect 
of rescue medications especially adrenaline. 

•	 Severe immunodeficiency: However, HIV-infected  
patients who have been treated with anti-retroviral 
drugs and have immune recovery can be treated with 
AIT. 

•	 Pregnancy: Although there is no evidence on adverse  
effects of AIT on the fetus or pregnant women, 
AIT initiation during pregnancy is contraindicated.  
However, in pregnant women who are in the  
maintenance phase of AIT and are tolerating the  
therapy well, AIT can be continued.

•	 Patients with existing severe psychological barriers  
such as those with psychiatric problems, mental  
disabilities or very young children can have  
compromised communication and understanding 
of therapy risks and benefits, as well as increased  
potential for poor adherence. 

Allergen selections
Both SPT and serum specific IgE demonstrate high  

sensitivity and specificity. They are widely used to detect  
IgE sensitization and are beneficial for the selection of  
allergens for AIT. Epidemiological studies indicated that  
most allergic patients are sensitized to more than one allergen  
(polysensitized), although not all of them may be causing 

clinical symptoms.46 Clinical trials with single allergen AIT 
have shown that polysensitized patients respond as well to 
AIT as those who are monosensitized.47 Thus, the selection  
of allergens for AIT should be consistent with the patient’s  
allergic symptoms as confirmed by history of allergen  
exposure and relevant IgE sensitization or a positive allergen 
nasal challenge test.. However, in cases where such selection 
proves difficult, the use of molecular diagnostic technique, 
component-resolved determinants (CRD), enables physicians  
to better determine if patients are, indeed, sensitized to 
the actual tree and/or grass and/or weed pollen from  
sensitizations to pollen pan-allergens (e.g., profilin and/or  
polcalcin).48 This allows clinicians to confidently prescribe 
AIT for major allergens even in subjects with multiple  
allergies. In case of indoor allergen sensitization e.g., dust 
mite, cockroach, pet’s dander, however, the benefit of CRD for 
selection of allergen in AIT remains unclear.

Successful and safe outcome of AIT depends on the use of 
high-quality allergen extracts. There are naturally variabilities 
in allergens’ protein amount, antigenicity, and composition. 
Thus, standardization of allergen extracts is a necessity in  
controlling the quality, consistency, and reproducibility of 
their expected efficacies. Although, some of the allergen  
extracts are standardized, the units and methods for testing 
the potency in the United States and in European countries 
are different, thus making meaningful comparisons more  
difficult.49 We recommend using standardized AIT products  
with evidence of efficacy in the clinical documentation of 
specified total potency or concentration of major allergen 
when they are available. Additionally, the changing of allergen 
extract venders between manufacturers is discouraged due to 
the magnitude of allergen extract inconsistency.50 

Single- or multiple-allergen AIT, or multiple  
allergen admixture

Although numerous RCTs and meta-analyses  
demonstrated the efficacy of single allergen AIT in  
polysensitized patients, it is common practice in the United  
States and Thailand that the allergists include multiple  
allergen extracts to which the patient is sensitized. There are 
few studies that have investigated the efficacy of multiple  
allergen SCIT and of these, there are conflicting results.46  
Further well-designed, well-powered RCT supporting the  
efficacy of multiple allergen AIT is required.5 Therefore, it is 
crucial to select only the relevant allergens in AIT. 

There are several considerations in case of using multiple 
allergen admixtures in SCIT51 which include: 

•	 An effective dose of each allergen must be achieved 
when delivered in maintenance dose injection.5

•	 Separation of extracts with high proteolytic enzyme  
activities from other allergens is recommended. Fungal 
and cockroach extracts have strong proteolytic activity.  
They should not be mixed with other susceptible  
allergens.5,51 

•	 Allergenic cross-reactivity of allergen should be a  
concern. The use of CRD can help to differentiate 
cross-reactivity of major allergens in pollen.48
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•	 Using appropriate diluents is encouraged for the  
stabilization of allergen proteins, prevention of 
the loss of allergenic potency and disinfection. A  
phenol-human albumin-saline diluent is well-tolerated  
and commonly used for making dilution of SCIT  
extracts.5 

The evidence of multiple allergen SLITs is scarce. Dual  
allergen SLITs are reported to be effective when administered 
separately.52 The use of multiple allergen admixture in SLIT 
without the clinical proven is not recommended. 

Dose selections
The efficacy of AIT is dependent on achieving a sufficient  

maintenance dose of each allergen extract.5 Each SCIT  
injection should deliver a dose which is considered to be  
effective for each allergen extract, namely the effective dose. 
Low doses of AIT are less effective than higher doses, and 
very low doses may result in a complete loss of efficacy.5 
The recommended effective doses of SCIT allergen extracts  
reported in clinical trials are shown in Table 1. Even though 
the administration of a greater maintenance dose enhances 
the likelihood of clinical response, it also increases the risk of 
severe systemic reactions. According to the preliminary data 
of ongoing multicenter, randomized, placebo controlled HDM 
allergen immunotherapy in Thailand, approximately 80% 
of participants in the active group have reached at least 500  
allergy units (AU) of Dermatophagoides allergens. On the  
other hand, some highly sensitive patients may never reach 
the recommended effective dose due to the risk of systemic  
reactions. Even then, they might still experience clinical  
benefits at lower doses.5 In the case of SLIT, there is no  
standard recommended SLIT dose in different allergens. We 
recommend using only the recommended dose based on  
clinical trials data. 

Allergen Probable effective dose range Probable effective dose range of 
major allergen 

Dust mite: 
D. farinae and D. pteronyssinus 500-2,000 AU 7-10 mcg of Der p 1 or Der f 1

Cat hair/ cat pelt 1,000-4,000 BAU 15-17.3 mcg of Fel d 1

Standardized grass 1,000-4,000 BAU 20 mcg of Phl p 5
15 mcg of Doc q 5 and Lol p 5

Bermuda 300-1,500 BAU NA

Short ragweed 1,000-4,000 AU 6-12 mcg of Amb a 1

Birch 3.28-12 mcg of Bet v1 3.28- 12 mcg of Bet v 1

Dog 15 mcg of Can f1 15 mcg of Can f 1

Nonstandardized extracts: pollen 0.5 mL of 1:100 - 1:200 wt/vol NA

Nonstandardized extracts: 
mold/fungi, cockroach Highest tolerated dose NA

AU, allergy units; BAU, bioequivalent allergy unit; wt/vol, weight by volume; NA, not available
Adapted from Cox L, Nelson H, Lockey R, et al. Allergen immunotherapy: a practice parameter third update. J Allergy Clin Immunol 2011;127(1 Suppl):S1-55.

Table 1. Recommended effective doses of SCIT. 

AIT schedules
SCIT generally consists of 2 phases5,8:

•	 Build-up or up-dosing or induction phase; The  
starting dose is usually at a 1,000-fold dilution of the  
maintenance concentration. A lesser starting dose 
can be applied for patients who are highly sensitive,  
as indicated by the clinical history and skin test  
reactions. The conventional schedule of SCIT usually 
consists of weekly increases of allergen extract dosing 
over a period of a few months, until the maintenance 
dose is achieved. The build-up phase can be shortened  
by a clustered or rushed schedule. During the  
clustered schedule, two or 3 injections are given in one 
visit and 1-2 visits weekly. The maintenance dose is 
expected to be reached in just 4-6 weeks. The rushed 
schedule gives many injections per day on consecutive  
days, achieving maintenance within a few days. There 
is conflicting evidence on the reported adverse reaction  
of rushed schedule. The retrospective analysis and 
RCT reported that the rate of systemic reactions in 
clustered compared to conventional schedules did not  
increase.53 In contrast, there was a considerable  
increase in adverse reactions among subjects treated 
with the rushed regimen, even if pre-medications were 
prescribed.54,55 

•	 Maintenance phase; Once maintenance dose of SCIT 
is achieved, the injection interval can be increased to 
4 weeks. Then, the SCIT should be continued monthly 
for at least 3 years.

For SLIT, the schedule for administration is dependent 
upon each product’s recommendation. Escalating does may 
be indicated in SLIT drops. The patients must go through 
the build-up and maintenance phase like SCIT. On the other 
hand, there is only one concentration in standard SLIT tablet. 
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In such case, daily dosing sublingually without up-dosing is 
recommended. The effectiveness may depend on the duration 
of the treatment than the accumulative dose. The comparison 
between SCIT and SLIT is presented in Figure 1. 

Figure 1. Comparison between SCIT and SLIT.
Abbreviation: SLIT, sublingual immunotherapy; SCIT, subcutaneous immunotherapy
Note:	 The comparison rating depends on current evidence and experts’ opinion.
	 *The cost of SCIT and SLIT is varied among different countries.
The figure was created with BioRender.com

In contrast to SCIT, SLIT is considered to be safer because 
up to 75% of adverse events are local reactions.6,12 Most of 
these are self-limited and can present within the oral mucosa  
such as mouth and throat itchiness or tingling sensations. 
Mild gastrointestinal adverse events such as mild abdominal  
discomfort may be reported and can be considered as local  
reactions if there are no associated systemic symptoms. 
Most of these local reactions occur in the beginning of 
the treatment and resolve within a few weeks without any  
intervention.26 Severe systemic reactions during SLIT appear 
much lower than SCIT as well, although fatal anaphylactic  
reaction from SLIT have been reported. These systemic  
reactions were usually due to the use of non-standardized  
allergen extracts, an overdose of an allergen, or a history of 
severe reactions from SCIT.60 

Safety of AIT
Information regarding the occurrence of systemic and 

fatal reactions to SCIT was periodically surveyed by the  
American Academy of Allergy, Asthma, and Immunology 
(AAAAI). Adverse reactions to SCIT can range from mild 
local reactions to fatal anaphylaxis. The systematic reactions 
were reported in 0.1% of all injections given or in 1.9% of 
patients being treated. There were 2 fatal reactions in 28.9 
million injections.56,57 The risk factors for systemic reactions  
during SCIT7,58 are shown in Table 2. SCIT should be  
administered with high caution if these risks are present. In 
these cases. dosing adjustment should also be considered. 
During the maintenance phase, if the injection is delayed 
more than 2 weeks, SCIT dose reduction may be required.5 
The occurrence of large local reactions does not predict  
subsequent systemic reactions and SCIT dose adjustment is 
not indicated. However, the occurrence of frequent large local 
reactions might increase the risk of systemic reactions.59 

More than 80% of systemic reactions occurred within 
30 minutes of administration. And while delayed systemic  
reactions can occur, they are generally not severe. Regardless, 
it is prudent that the patients remained under observation in 
the clinic for at least 30 minutes after SCIT injection.5,6

•	 Uncontrolled or severe asthma
•	 High degree of sensitization
•	 Rapid dose escalation during build-up phase
•	 Mast cell disease
•	 Previous systemic reactions to AIT
•	 Use of beta-blocker, ACE inhibitor
•	 Changing to a new batch of allergen extract
•	 Late injection
•	 Physical stress e.g., high intensity exercise, current infection

Table 2. Potential risk factors for systemic reactions during 
AIT.
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For administration of SLIT, the first dose should be 
given under medical supervision in a healthcare facility 
with a 30-minute observation period. Premedication with  
antihistamine is not recommended when initiating SLIT  
because it may mask a potential reaction. Subsequent SLIT 
dosing can be administered by the patient in the home  
setting. The patients should also be instructed in recognizing  
the signs and symptoms of an adverse reaction, as well as 
determining how and when medical treatment is necessary. 
SLIT should be temporarily discontinued when extensive  
inflammation, injury or disruption of oropharyngeal mucosa  
is present. Significant acute infection or asthma exacerbation  
also warrant a temporary discontinuation of SLIT.  
Furthermore, a treatment which has been interrupted for 
more than 7 days should be reinitiated in a healthcare  
setting.12,26

Although prescribing self-injectable adrenaline or  
prefilled syringe is not routinely recommended, it should be  
prescribed in AIT-treated patients who are at high risk 
of severe systemic reactions such as having a history of  
anaphylaxis or severe delayed systemic reactions or being  
highly sensitivity to allergens. It is important to educate 
these patients on how and when it is appropriate to use  
self-injectable adrenaline for a severe systemic reaction and 
when to contact their healthcare providers for support.64 

Administration of AIT and management of  
adverse reactions

Despite excellent safety and tolerability records of AIT,  
fatal reactions have occurred. Thus, AIT should be prescribed 
by an allergy specialist who has experience in AIT treatment. 
SCIT administration should always be done in a medical  
setting by experienced healthcare personnel who are trained 
and certified in the early recognition and management of  
adverse events, especially that of anaphylaxis. Medical centers 
or institutions administrating AIT should also be equipped  
with the necessary instruments as shown in Table 3.  
Regular training of medical personnel on cardiopulmonary  
resuscitation is required. We recommend that SCIT should be 
administered only in medical facilities where an observation 
period of at least 30 minutes after injection is possible, as well 
as the ability of the healthcare team to promptly recognize 
and treat anaphylaxis. A longer observation period may be 
considered in cases where there is a clinical history of delayed 
systemic reactions. 

•	 Stethoscope and sphygmomanometer
•	 Tourniquet, syringes, intravenous catheter
•	 Adrenaline 1:1,000 wt/vol for injection
•	 Equipment to administer oxygen
•	 Intravenous fluid set-up and normal saline for infusion
•	 Antihistamine for injection
•	 Steroids for injection
•	 Equipment to maintain an airway
•	 Pulse oximeter and external defibrillator (optional)
•	 Bronchodilator (optional)
•	 Vasopressor drugs (optional)

Table 3. Recommended equipment and medications in  
venue administrating SCIT.

In patients who experienced adverse events during AIT, 
pre-treatment with non-sedating antihistamine at least 
30-minute before SCIT may be prescribed. This has been 
shown to be effective in decreasing local reactions, while 
the effects on systemic reactions remain controversial.5,6 
There are also a few reports on the successful reduction of 
adverse events such as premedication with montelukast,  
H2 antihistamine, or adrenaline coated syringe of SCIT  
extracts.5,62 Furthermore, omalizumab given in combination  
with SCIT has been shown to be effective in improving  
safety, tolerability, and symptom score in highly sensitive  
allergic asthma patients.63 If a patient experiences recuring  
exacerbations related to the course of therapy, it may be  
necessary to determine whether the continuation of AIT  
therapy is still warranted. 

Duration and adherence of AIT
The recommended duration of AIT is at least 3 years.5-7  

A study compared the efficacy of 3-year vs 5-year treatment  
of AIT showed no difference in the overall efficacy.  
Moreover, 2-year was not long enough to induce the  
long-term efficacy after AIT discontinuation.65 There are  
several placebo-controlled RCTs which demonstrated  
sustained benefits of a 3-year AIT treatment with a 2-year  
discontinuation follow-up period. Benefits of AIT can last up 
to 10 years after discontinuation in one observational study.23 

Since the success of AIT depends on the duration and 
adherence to treatment, patients must be informed and  
properly educated before initiating the treatment in order to 
obtain the best adherence. The purpose, process, duration,  
and potential adverse events of AIT must be disclosed, and 
the informed consent process is mandatory. Adherence 
rate of SCIT seems to be higher than SLIT because SCIT 
must be administered by a physician and thus, adherence is  
easier to monitor. Regular follow-up visits in SLIT patients 
can improve adherence to the treatment.66 

In each follow-up visit, the physician should be assessing  
the effectiveness of AIT by monitoring clinical improvements,  
rescue medication use, presence of side effects, adherence 
to treatment schedule and evaluate whether AIT dosing  
adjustment is required. Currently, there are no laboratory 
tests or biomarkers that can predict or monitor the efficacy 
of AIT in clinical settings.67 The use of clinical symptoms and  
medication scores are currently the most useful measures in 
clinical practice. 

Standardized grading systems proposed by the World  
Allergy Organization (WAO) for reporting AIT systemic  
adverse events are available and may help clinicians in making 
treatment decisions if the events do occur.61
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•	 The treatment goal of AIT is to modulate immune system, resulting in long-term relief of the allergic symptoms, reduce medication use, and prevent the 
development of new allergies. The clinical benefits of AIT persist after discontinuation of the treatment.

•	 AIT should be considered in patients with AR and/or conjunctivitis and/or asthma who have IgE sensitization to clinically relevant allergen. The other 
potential indications are in those patients who do not response sufficiently despite appropriate pharmacotherapy and avoidance strategies, experience  
unacceptable medication side effects, or wish to avoid long term pharmacotherapy.

•	 AIT may also be considered in children for its long-term effects on rhinitis, potential to prevent asthma and new sensitization. 
•	 The absolute contraindications of AIT are poorly controlled or uncontrolled asthma (FEV1 < 70% predicted). However, AIT can be used in patients with 

mild allergic asthma if their asthma is controlled or partly controlled by pharmacotherapy.
•	 Before initiating AIT, the possible benefits, disadvantages, potential harms, patients’ preferences (SCIT or SLIT), patients’ adherence to treatment and costs 

should be discussed with the patient/family on an individual basis.
•	 Allergens included in AIT should be selected on the results of the relevant IgE- sensitization, associated with consistent allergic symptoms. 
•	 In case of using multiple allergen mixtures in SCIT, the factors that should be considers are an effective dose of each allergen, the proteolytic enzyme  

activities of allergens, allergenic cross-reactivity, and use of appropriate diluents.
•	 Standardized AIT products with evidence of efficacy in the clinical documentation should be used when they are available.
•	 SCIT and SLIT are safe and well-tolerated treatments when they are given by experienced well-trained personnel.
•	 Severe systemic reactions with SLIT appear to be much lower although the overall rate of any adverse reactions is similar in both SCIT and SLIT.
•	 SCIT administration:

o	 SCIT should be administered by competent staff, trained to diagnosed symptoms of early systemic reactions or anaphylaxis, with immediate access to 
resuscitation equipment and a doctor trained in managing anaphylaxis.

o	 Patients must wait in the clinic for at least 30 minutes after a SCIT injection.
o	 Premedication with an antihistamine reduces the frequency and severity of local and systemic cutaneous reactions form SCIT but does not eliminate the 

risk of other systemic adverse reactions including anaphylaxis.
•	 SLIT administration:

o	 Patients should wait in clinic for at least 30 minutes after an initial SLIT dosage and staff and equipment should be available to manage any severe local 
or systemic reaction or anaphylaxis.

o	 Patients receiving SLIT should be informed about how to recognize and manage adverse reactions, particularly severe ones.
•	 Clinical improvement can be demonstrated after the patient reaches a maintenance dose. If clinical improvement is not apparent after one year of  

maintenance therapy, discontinuation of AIT should be considered.
•	 To achieve long-term efficacy, it is recommended that a minimum of three years of therapy is used.
•	 Currently, there is no biomarkers that will distinguish between patients who will relapse and those who will remain in long-term clinical remission.

Table 4. Summary of AIT in respiratory allergies.

The improvements of clinical symptoms, reduction in 
medication use and side effects of AIT are the main reasons 
to decide if the AIT should be continued. Poor responses to 
AIT could be due to inappropriate selection or inadequate 
dosing of allergen, or exposure to high levels of allergens or  
non-allergic triggers. If clinical improvement is not present 
after one year in the maintenance phase, cessation of AIT 
should be considered.5,6 A summary of the recommendations  
and an algorithm for effective use of AIT in respiratory  
allergic diseases are shown in Table 4 and Figure 2.

The future direction of AIT is targeting technology 
that will enhance the efficacy as well as lowering the side  
effects. These involve the use of specific allergenic peptides,  
additives or adjuvants, advanced drug delivery systems, 
and alternative routes of administration. Various routes 
of AIT administration are available in both injectable and  
non-injectable forms. The current trend for the route of  
administration of AIT is toward that of mucosal routes  
including sublingual, oral, and local nasal.68,69 These routes 
are replacing the conventional injection due to their ease 
of use, requiring no dosage adjustment. In addition, they 
are less invasive and less labor intensive. Most importantly,  
immunity triggering through mucosal surface has shown 
to enhance local mucosal immunity and potentially  
demonstrates better efficacy than conventional injection.  
Finally, this trend will overcome some of the unmet needs  
mentioned earlier.

Even though, both SCIT and SLIT have been acceptance 
as the standard treatment for respiratory allergies and widely  
used, AIT prescription in developing countries is very  
limited due to the scarcity of education, as well as the  
presence of concerns regarding availability of products, and 
cost of treatment. To promote the acceptance AIT, studies 
investigating the efficacy, safety, and cost-effectiveness in the 
context of developing countries are needed. 

Unmet needs and the future direction of AIT
The unmet needs for improving the AIT practices are:

•	 The lack of standardization of allergen products 
•	 The identification of biomarkers as predictors of AIT 

response
•	 The development of guidelines on prescribing AIT in 

polysensitized patients
•	 The optimization of AIT dosing and schedules
•	 The investigation of the novel AIT and treatment  

strategies with improved safety and efficacy
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Figure 2. Algorithm for AIT initiation and assessment in respiratory allergies.
Abbreviation: ACE, angiotensin-converting enzyme; AIT, allergen immunotherapy; FEV1, forced expiratory volume in 1 second; HIV, human immunodeficiency 
virus; SLIT, sublingual immunotherapy; SCIT, subcutaneous immunotherapy
Note:	 *HIV-infected patients treated with antiretrovirals and have immune recovery, AIT could be considered
	 **AIT initiation during pregnancy is contraindicated but can be continued if pregnant women are in maintenance phase of AIT.
The figure was created with BioRender.com
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Summary
AIT is currently the only etiology-modifying treatment 

for allergic diseases. It should be considered in patients  
suffering from allergic rhinoconjunctivitis and/or asthma 
with a clinically relevant IgE-sensitization. There is strong  
evidence confirming the efficacy of AIT both during and after 
the discontinuation of treatment. Moreover, AIT can prevent 
the development of asthma and new sensitization in children. 
For long-term benefits, AIT should be prescribed for at least 
3 years. Thus, adherence is the key to a successful treatment. 
Both SCIT and SLIT are well tolerated, but potential severe 
reactions can occur. Administration of AIT under appropriate 
clinical settings is critical to ensure the safety. 
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