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Abstract 

Background: Childhood asthma is a significant public health 
concern, and despite advancements in traditional management 
strategies, there remains a need to explore alternative therapeutic 
approaches. One promising area of research is the use of 
immunotherapy, which aims to modulate the immune system’s 
response to specific allergens and reduce the severity of asthmatic 
symptoms.

Methods: This systematic review and meta-analysis evaluated 
the effectiveness of sublingual (SLIT) and subcutaneous (SCIT) 
immunotherapy in the management of childhood asthma. A 
comprehensive literature search was conducted, and Randomized 
Controlled Trials (RCTs) were included. The Quality Assessment tool 
(RoB 2) was used to assess the risk of bias, and a meta-analysis 
was performed to calculate the pooled Relative Risk (RR) and 
95% Confidence Interval (CI) for the primary outcome of asthma 
incidence. We include all RCTs from inception till April 2024.

Results: 12 RCTs were included in our systematic review. The 
pooled analysis of 10 RCTs with 1,719 participants showed a 
significantly lower incidence of asthma in the immunotherapy 
group compared to the control group [RR = 0.58, 95% CI (0.48: 
0.70), P < 0.00001]. Subgroup analyses revealed that both SLIT and 
SCIT were associated with a reduced risk of developing asthma in 
children with allergic diseases.

Conclusion: This systematic review and meta-analysis provide 
strong evidence that the use of immunotherapy, including both 
SLIT and SCIT, can be an effective strategy for preventing the 
development of asthma in children with allergic diseases. Further 
research is needed to strengthen the evidence and guide clinical 
decision-making in this important area of pediatric asthma 
management.

Introduction 

Childhood asthma is a significant public health concern, af-
fecting millions of children worldwide [1]. This chronic respira-
tory condition can have an impact on a child’s quality of life, 
physical activity, and overall well-being [2]. The causes of child-
hood asthma are multifactorial and involve a complex interplay 
of genetic predisposition and environmental factors [3,4]. Com-
mon triggers include allergens (such as pollen, dust mites, and 
pet dander), respiratory infections, air pollution, tobacco smoke 
exposure, and certain medications [5]. 

Childhood asthma is characterized by recurrent episodes 
of wheezing, coughing (particularly at night or early morning), 
shortness of breath, and chest tightness [6]. These symptoms 
can vary in severity and may be triggered or worsened by fac-
tors like exercise, allergens, or respiratory infections [7]. The 
prognosis of childhood asthma varies widely depending on 
factors such as the severity of symptoms, the effectiveness of 
treatment, and the individual’s response to management strat-
egies [8]. With appropriate medical care and management of 
triggers, many children with asthma can lead normal and active 
lives without significant long-term complications [8].
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Despite advancements in traditional asthma management 
strategies, such as inhaled corticosteroids and bronchodila-
tors, there remains a need to explore alternative therapeutic 
approaches that can provide more effective and targeted treat-
ment [9]. 

One promising area of research in the field of childhood 
asthma is the use of immunotherapy. Immunotherapy, also 
known as allergy or desensitization therapy, aims to modulate 
the immune system’s response to specific allergens, thereby 
reducing the severity of asthmatic symptoms and improving 
overall disease management [10]. This approach has been suc-
cessfully employed in the treatment of various allergic condi-
tions, including allergic rhinitis and bee venom hypersensitivity, 
and has garnered increasing attention as a potential strategy for 
managing childhood asthma [11].

The rationale behind the use of immunotherapy in child-
hood asthma is based on the understanding that many cases of 
childhood asthma are associated with underlying allergic sen-
sitivities [12]. By exposing the immune system to gradually in-
creasing doses of the offending allergens, immunotherapy can 
desensitize the body and reduce the inflammatory response 
that triggers asthmatic symptoms [13]. This can lead to im-
proved symptom control, reduced reliance on rescue medica-
tions, and potentially a long-term positive impact on the natural 
history of the disease [14,15].

While the potential benefits of immunotherapy for child-
hood asthma are promising, the available evidence on its ef-
ficacy and safety has not been thoroughly synthesized. 

This systematic review aims to critically evaluate the current 
literature on the use of immunotherapy in the management of 
childhood asthma, providing a comprehensive and up-to-date 
assessment of its effectiveness, and potential applications in 
clinical practice.

Methods

The meta-analysis followed the standards outlined in the 
Cochrane Handbook for Systematic Reviews and Meta-Analyses 
[16], and adhered to Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines [17].

Study Selection and Data Extraction

A systematic literature search was conducted to identify rel-
evant Randomized Controlled Trials (RCTs) investigating Sublin-
gual Immunotherapy (SLIT) and Subcutaneous Immunotherapy 
(SCIT) in pediatric populations with allergic diseases. The search 
encompassed major databases including PubMed, SCOPUS, 
web of science and Cochrane Library. The search strategy used 
a combination of relevant keywords and MeSH terms related 
to immunotherapy, allergic diseases, and pediatric populations. 
The search was performed in April 2024 and included studies 
published from their inception to this date.

Data extraction was performed independently by two re-
viewers using a standardized form. The extracted data included 
study characteristics (author, year, design), participant demo-
graphics (age, allergic disease), intervention details (type of 
immunotherapy, allergen used, treatment duration), control 
group details (placebo or standard care), and outcome mea-
sures related to asthma incidence, allergic symptoms, medica-
tion use, and lung function.

Quality Assessment

The Risk of Bias 2 (RoB 2) tool was utilized to assess the qual-
ity and risk of bias in the included RCTs [18]. This tool evaluates 
bias across multiple domains including randomization process, 
deviations from intended interventions, missing outcome data, 
measurement of outcomes, and selective reporting. Each study 
was independently assessed by two reviewers, and discrepan-
cies were resolved through discussion or consultation with a 
third reviewer if needed.

Data Synthesis and Analysis

A meta-analysis was performed using Review Manager soft-
ware (RevMan version 5.4). Pooled Relative Risks (RR) with 95% 
Confidence Intervals (CI) were calculated for primary outcome 
(asthma incidence). Subgroup analyses were conducted based 
on the route of administration (SLIT vs. SCIT) to explore the ef-
fects of different immunotherapy modalities.

Qualitative synthesis of study outcomes was conducted to 
summarize the diverse benefits of immunotherapy interven-
tions observed across the included RCTs. Specific improvements 
in asthma prevalence, allergic symptoms, and other outcomes 
were highlighted based on the findings reported in each study.

Results

Our search initially identified 8600 references, out of which 
1391 duplicates were excluded. Following screening of titles 
and abstracts, 24 studies met the eligibility criteria. Subsequent 
full-text screening led to the inclusion of 12 RCTs in this system-
atic review [14,15,19-28]. Among these, 10 RCTs were incorpo-
rated into the meta-analysis [14,15,19,20,22,24-28] (Figure 1).

Included Studies Characteristics

The included RCTs investigated Sublingual Immunotherapy 
(SLIT) and Subcutaneous Immunotherapy (SCIT) in pediatric 
populations with allergic diseases. The studies included children 
across different age ranges, from infants aged 6–12 months to 
adolescents up to 17 years old, with various allergic diseases 
such as atopic dermatitis, rhinoconjunctivitis, and asthma. Sen-
sitization profiles varied from no sensitization to mono- or poly-
sensitization to specific allergens like house dust mite, grass, 
birch pollen, and food allergens. Intervention groups received 
either SLIT drops or tablets containing allergens such as house 
dust mite, grass pollen, or birch pollen, while control groups re-
ceived placebos. Treatment durations ranged from 6 months to 
3 years, with follow-up periods extending up to 7 years. Asthma 
outcomes were assessed based on symptoms, medication use, 
lung function, and response to bronchodilators, adhering to 
criteria such as GINA guidelines or specific symptom-based as-
sessments depending on the study. Further details are shown 
in Table 1.

Quality Assessment

The Risk of Bias 2 (RoB 2) assessment across the listed stud-
ies indicates mixed quality in terms of bias control. Studies like 
Moller et al. 1986, Nolte et al. 2020, and Valovirta et al. 2018 
generally exhibit low bias risks across domains [19,21,22]. How-
ever, studies such as Elsayed et al. 2022, Novembre et al. 2004, 
and Marogna et al. 2008 show higher risks in specific bias do-
mains, notably in randomization and deviations from intended 
interventions [14,24,26]. The rest of the studies were judged as 
having some concerns (Figure 2 & Figure 3).
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Study Outcomes

Incidence of Asthma

The pooled analysis of 10 RCTs including 1719 participants 
showed a significant lower incidence of asthma in the immu-
notherapy group compared with control group as following [RR 
= 0.58, 95%CI (0.48: 0.70), P < 0.00001], and the data were ho-
mogenous (P = 0.25, I2 = 21%) (Figure 4).

Subgroup Analysis Based on Route of Administration

The pooled analysis of 7 RCTs including 1309 participants 
showed a significant lower incidence of asthma in the SLIT com-
pared with the control group [RR = 0.62, 95%CI (0.48: 0.79), P 
= 0.0001], and the data were homogenous (P = 0.14, I2 = 38%).

Similarly, the pooled analysis of three RCTs including 410 
participants showed a significant lower incidence of asthma 
in the SLIT compared with the control group [RR = 0.52, 95%CI 
(0.39: 0.69), P < 0.00001], and the data were homogenous (P = 
0.87, I2 = 0%) (Figure 5).

Qualitative Synthesis

The collective evidence from the included RCTs highlights 
the diverse benefits of immunotherapy interventions, spe-
cifically SLIT and SCIT in pediatric populations with allergic dis-
eases. Alviani et al. (2020) and Marogna et al. (2008) observed 
reductions in asthma prevalence and improvements in allergic 
outcomes like rhinitis and eczema with SLIT [14,28]. Elsayed 
et al. (2022) and Kim et al. (2021) demonstrated significant 
reductions in allergic inflammation markers, improvements in 
pulmonary function, and enhanced asthma control following 
SLIT and SCIT [23,26]. Jacobsen et al. (2007) and Niggermann 
et al. (2006) highlighted long-term benefits of SCIT in reducing 
rhinoconjunctivitis symptoms and preventing asthma develop-
ment [15,27]. Additionally, Moller et al. (1986, 2002) reported 
decreased allergy symptoms and specific IgE levels with immu-
notherapy, indicative of its efficacy in reducing seasonal allergy 
symptoms and preventing asthma [19,25]. Furthermore, Nolte 
et al. (2020) and Valovirta et al. (2018) demonstrated significant 
improvements in symptom scores, bronchial hyperresponsive-
ness, and medication use with SLIT-tablets for ragweed and 
grass allergies, respectively [21,22].

Figure 1: PRISMA flow diagram.

Figure 2: ROB-2 graph of the included studies.

Figure 3: ROB-2 summary of the included studies.

Figure 4: Forest plot for the incidence of childhood asthma.

 
Figure 5: Forest plot for the incidence of childhood asthma.

Discussion

This systematic review and meta-analysis evaluated the ef-
fectiveness of immunotherapy, including sublingual (SLIT) and 
subcutaneous (SCIT) routes, in the management of childhood 
asthma. The analysis of 10 randomized controlled trials with 
1,719 participants showed a significantly lower incidence of 
asthma in the immunotherapy group compared to the control 
group. Subgroup analyses based on the route of administration 
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Study ID Site
De-
sign

Participant’s 
age

Allergic 
Disease(s)

Sensitiza-
tion

Inter-
vention 
group

Intervention details/
Specifications

Comparator 
group

Therapy 
duration; 
follow-up

Asthma defini-
tion

Alviani et al. 
2020

UK RCT
Children 

(aged 6–12 
months)

Healthy
No sensi-
tization

N = 54. 
SLIT 

drops

SLIT drops contain-
ing house dust mite, 
administered at 2000 
standard treatment 

units per day.

N = 53. 
Placebo

Therapy: 1 
year; Follow-
up: 5 years

Based on 
symptoms, 
medication, 

and lung func-
tion

Elsayed et 
al. 2022

Egypt RCT
Children 

(aged 5–12 
years)

Mild to moderate 
asthma

Mono- or 
poly-sen-

sitized

N = 30. 
SLIT

SLIT drops prepared by 
study authors

N = 30. 
Placebo

Therapy: 
6 months: 

Follow-up: 3 
years

Based on GINA 
guidelines 

(intermittent or 
mild asthma).

Holt et al. 
2013

USA RCT
Children (12 
months old)

Atopic dermatitis

Sensitiza-
tion to 
≥1 food 
allergen

N = 25. 
SLIT 

drops

SLIT drops containing a 
mixture of soluble al-

lergens including HDM, 
cat, and timothy grass.

N = 25. 
Placebo

Therapy: 1 
year; Follow-
up: 3 years

Asthma symp-
toms.

Jacobsen et 
al. 2007

Multina-
tional

RCT
Children 

(6–14 years 
old)

Rhinoconjunctivi-
tis, mild seasonal 

asthma

Only sen-
sitized to 
grass or 

birch

N = 79. 
SCIT

SCIT using grass and/
or birch pollen extracts 
with a sample size of 

79, reduced to 64 after 
follow-up.

N = 72. 
Control. 

Sample size 
after follow-

up: 53

Therapy: 
3 years; 

Follow-up: 7 
years

Asthma 
symptoms and 

response to 
B2-agonists.

Kim et al. 
2021

Korea RCT
Children 

(6–15 years 
old)

Atopic asthma 
and allergic 

rhinitis

No 
details

N = 53. 
SCIT

SCIT using grass and/or 
birch pollen

N = 19. 
Control

Therapy: 
3 years; 

Follow-up: 3 
years

Asthma symp-
toms.

Marogna et 
al. 2008

Italy RCT
Children 

(5–17 years 
old)

Rhinitis, intermit-
tent asthma

Mono- or 
poly-sen-

sitized

N = 144. 
SLIT

SLIT treatment using 
allergens of any type 

from Anallergo.

N = 72. 
Control

Therapy: 
3 years; 

Follow-up: 0

Based on GINA 
guidelines 

(intermittent or 
mild asthma).

Moller et al. 
1986

Sweden RCT
Children 

(8–16 years 
old)

Rhinoconjunc-
tivitis

Mono- or 
poly-sen-

sitized

N = 16. 
SLIT 

tablets

SLIT tablets (capsules) 
containing birch pollen.

N = 16. 
Placebo

Therapy: 
10 months; 

Follow-up: 0.

Lung symp-
toms.

Moller et al. 
2002

Multina-
tional

RCT
Children 

(6–14 years 
old)

Rhinoconjunctivi-
tis, asthma

Only sen-
sitized to 
grass or 

birch

N = 79. 
SCIT

SCIT using grass and/
or birch pollen extracts 
with a sample size of 

79.

N = 72. 
Control

Therapy: 
3 years; 

Follow-up: 0

Asthma symp-
toms and use 

of B2-agonists.

Niggermann 
et al. 2006

Multina-
tional

RCT
Children 

(6–14 years 
old)

Rhinoconjunctivi-
tis, mild seasonal 

asthma

Only sen-
sitized to 
grass or 

birch

N = 79. 
SCIT

SCIT using grass and/
or birch pollen extracts 
with a sample size of 

79, increased to 95 after 
follow-up.

N = 72. Con-
trol. Sample 

size after 
follow-up: 

88.

Therapy: 
3 years; 

Follow-up: 2 
years

Asthma 
symptoms and 

response to 
B2-agonists.

Nolte et al. 
2020

Multina-
tional

RCT
Children 

(4–14 years 
old)

Rhinoconjunc-
tivitis

Mono- or 
poly-sen-

sitized

N = 513. 
SLIT

Once-daily treatment 
with the12 Amb a 

1-Unit dose of ragweed 
SLIT-table

N = 512. 
Placebo

Therapy: 
28 weeks; 

Follow-up: 28 
weeks

History and 
beta-agonist 
reversibility 

test

Novembre 
et al. 2004

Italy RCT
Children 

(5–14 years 
old)

Rhinoconjunc-
tivitis

Only 
mono-

sensitized

N = 54. 
SLIT 

drops

SLIT drops contain-
ing grass pollen with 
a sample size of 54, 
reduced to 47 after 

follow-up.

N = 59. 
Control. 

After follow-
up: 50

Therapy: 3 
years; Follow-

up: 0.

Asthma 
symptoms and 

medication 
use.

Valovirta et 
al. 2018

Multina-
tional

RCT
Children 

(5–12 years 
old)

Rhinoconjunc-
tivitis

Mono- or 
poly-sen-

sitized

N = 398. 
SLIT 

tablets

SLIT tablets containing 
grass pollen.

N = 414. 
Placebo

Therapy: 
3 years; 

Follow-up: 2 
years

Based on 
symptoms, 
medication, 

and lung func-
tion

Table 1: Summary of included studies.

revealed that both SLIT and SCIT were associated with a reduced 
risk of developing asthma in children with allergic diseases.

The findings of this review suggest that immunotherapy, 
when used as an adjunct to standard asthma management, 
can provide substantial benefits in preventing the development 
of asthma in children with allergic conditions. The proposed 
mechanism involves the modulation of the immune system’s 
response to specific allergens, leading to reduced inflammation 

and improved symptom control. By targeting the underlying al-
lergic drivers, immunotherapy may have a positive long-term 
impact on the natural history of the disease, potentially reduc-
ing the burden of childhood asthma.

Immunotherapy in childhood asthma involves administer-
ing controlled doses of specific allergens to modify the immune 
response [29]. This exposure aims to induce tolerance and 
shift immune reactions from allergy-promoting Th2 responses 



Submit your Manuscript | www.austinpublishinggroup.com J Pediatr & Child Health Care 9(1): id1064 (2024) - Page - 05

Austin Publishing Group

to regulatory T-cell responses [30]. Over time, this can reduce 
asthma symptoms by decreasing airway inflammation and hy-
perresponsiveness [30]. Immunotherapy helps desensitize the 
body to allergens, leading to improved respiratory health and 
potentially altering the course of the disease [30]. It offers a tar-
geted approach to address the underlying immune dysfunction 
involved in childhood asthma, providing long-term benefits be-
yond symptomatic relief [22].

The results of this review are consistent with previous sys-
tematic reviews and meta-analyses that have investigated the 
role of immunotherapy in pediatric populations. A review by 
Farraia et al. 2022 also found that SLIT and SCIT were effective 
in reducing the risk of developing asthma in children with al-
lergic rhinitis [31]. Similarly, a Cochrane review by Abramson et 
al. (2010) reported that immunotherapy was associated with a 
reduced risk of developing asthma allergic rhinitis [32].

The findings of this review have important clinical implica-
tions. The use of immunotherapy, particularly SLIT and SCIT, 
should be considered as a treatment option for children with 
allergic diseases, as it has the potential to prevent or delay the 
development of asthma. This is particularly relevant in children 
with a strong genetic predisposition or environmental expo-
sures that increase their risk of developing asthma [33]. By ad-
dressing the underlying allergic triggers, immunotherapy may 
lead to improved asthma control, reduced reliance on rescue 
medications, and better overall quality of life for these children.

Clinicians should carefully assess the individual patient’s risk 
factors, sensitization profile, and preferences when considering 
immunotherapy as part of a comprehensive asthma manage-
ment plan [34]. Appropriate patient selection, accurate allergen 
identification, and close monitoring of treatment response are 
crucial for optimizing the outcomes of immunotherapy in pedi-
atric populations.

The key strengths of this review include the systematic and 
comprehensive search strategy and the use of well-established 
meta-analytic methods. The inclusion of only randomized con-
trolled trials ensures a higher level of evidence and reduces the 
risk of bias. The subgroup analyses based on the route of ad-
ministration (SLIT vs. SCIT) provide insights into the compara-
tive effectiveness of different immunotherapy modalities.

However, the review also has some limitations. The included 
studies exhibited some variability in terms of participant char-
acteristics, allergen profiles, and outcome assessments, which 
may have introduced heterogeneity. Additionally, the long-term 
sustainability of the observed benefits and the potential for 
disease-modifying effects require further investigation with ex-
tended follow-up periods. The overall quality of the included 
studies, as assessed by the RoB 2 tool, was mixed, with some 
studies showing higher risks of bias in specific domains.

This systematic review and meta-analysis provide strong evi-
dence that the use of immunotherapy, including both SLIT and 
SCIT, can be an effective strategy for preventing the develop-
ment of asthma in children with allergic diseases. The findings 
suggest that by targeting the underlying allergic mechanisms, 
immunotherapy can lead to improved asthma-related out-
comes, reduced medication use, and potentially a long-term 
positive impact on the natural history of the disease.

Clinicians should consider incorporating immunotherapy as 
part of a comprehensive asthma management plan for children 

with allergic conditions, particularly those at high risk of devel-
oping asthma. Further research with larger sample sizes, longer 
follow-up periods, and a focus on disease-modifying effects of 
immunotherapy would help strengthen the evidence and guide 
clinical decision-making in this important area of pediatric asth-
ma management.

Author Statements

Ethical Guidelines

Ethical approval is not required as there is no direct involve-
ment with human subjects.
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