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Abstract

Purpose of Review Allergen immunotherapy (AIT) has been shown to be safe and effective in children and is a unique treat-
ment strategy that has disease-modifying and preventative effects that are not shared with other treatment options for allergic
diseases. This article reviews the present knowledge and relevant updates on AIT in children.

Recent Findings Although there is no definite lower age limit for starting AIT, clear indications for AIT are established and
each case should be considered individually by weighing risks and benefits. Documented short- and long-term benefits of
AIT in children with allergic disease include significant improvement of symptoms and quality of life, and decreased use
of medications as well as preventing the development of new allergen sensitizations and the progression of allergic rhinitis
to asthma.

Summary This review provides a comprehensive overview of the present knowledge and key updates on AIT in the pediatric

population.

Keywords Pediatric allergy - Atopic disease - Allergen immunotherapy - Children - Treatment - Preventative

Introduction

There is a high and increasing prevalence in pediatric aller-
gic diseases such as allergic rhinitis, asthma, and atopic
dermatitis (AD) [1]. Treatment strategies for these diseases
include education on allergen-specific avoidance precau-
tions, pharmacotherapy, and allergen immunotherapy. Aller-
gen immunotherapy (AIT) has been a treatment for allergic
disease for over 110 years and has been shown to be safe,
effective, and a disease-modifying treatment for patients [2].
New data continues to emerge on benefits of AIT in young
children, particularly on its role in preventing the develop-
ment of asthma and new allergen sensitizations.

The aim of this article is to summarize the present knowl-
edge and key updates for AIT in the pediatric population.
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This review is written to serve as a resource for healthcare
providers managing allergic diseases in children.

Indications

In general, the clinical indications for AIT are similar for
adults and children [3]. AIT is indicated in patients with
allergic rhinitis with or without conjunctivitis (AR/C),
allergen-induced (allergic) asthma, or stinging insect
hypersensitivity who demonstrate allergen-specific IgE
antibodies diagnosed with skin prick testing or serum spe-
cific IgE laboratory testing [4]. A third practice parameter
update for AIT was published in 2010 and described new
indications for AIT, which includes atopic dermatitis (AD)
in subjects with aeroallergen sensitization and for patients
who experience recurrent bothersome large local reactions
(LLR) to stinging insects [4]. Although immunotherapy for
food allergy is available with one new US Food and Drug
Administration (FDA)-approved product for peanut allergy
(Palforzia, approved January 2020) and for many non-FDA
oral immunotherapy protocols for other foods, subcutane-
ous immunotherapy (SCIT) and sublingual immunotherapy
(SLIT) are not indicated for food allergy. For the purpose of
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this review, we will be discussing allergen immunotherapy
regarding SCIT or SLIT.

Contraindications

Contraindications to AIT include inability to communicate
and certain medical comorbidities. Severe systemic allergic
reactions are a rare but possible risk of AIT [5, 6]. Contrain-
dications to AIT involve considerations that would reduce
a patient’s ability to survive a systemic allergic reaction or
increase the risk of one [4].

There is no specific upper or lower age limit for initiat-
ing immunotherapy if the indications are present; however,
the risks and benefits should be assessed carefully in each
situation [4]. Patients selected for AIT should be mentally
and physically able to communicate clearly any signs and
symptoms suggestive of adverse reactions to the medical
care team [4]. Age-related ability to communicate must be
taken into consideration when weighing risks and benefits
of AIT initiation in children. For this reason, there is some
debate about initiating AIT in children less than the age of
5 years. Although the preventative effect of AIT on develop-
ment of new aeroallergen sensitizations and the progressive
march to asthma provides a benefit to beginning AIT earlier
than age of 5 years, therefore, each case to begin AIT should
be evaluated carefully by assessing the severity of disease
and benefits/risks ratios [3, 4].

Allergen immunotherapy is not recommended for patients
with uncontrolled labile asthma because of increased risk for
systemic reactions to AIT injections in this population [4, 7,
8]. Survey studies revealed that mortalities from AIT were
more frequent in persons with uncontrolled and/or labile
asthma [8]. Therefore, asthma control needs to be achieved
prior to initiating immunotherapy.

Other relative contraindications for AIT include medical
conditions that reduce the patient’s ability to survive the sys-
temic allergic reaction or the resultant treatment [4]. These
medical conditions include heart disease, markedly compro-
mised lung function, and conditions requiring beta-blockers
and ACE inhibitors [4]. Although these comorbidities are
less prevalent in children than adults, they are present. Cau-
tion should be used when considering initiating AIT in this
population with a thorough evaluation of benefits and risks
of immunotherapy.

Another special consideration that is more relevant to
the adult population, but can also apply to pediatric age
(< 18 yo), is immunotherapy in pregnancy. The AAAAL/
ACAALI practice parameters state “allergen immunotherapy
can be continued, but usually is not initiated in the pregnant
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patient.” The updated practice parameters also suggests that
“discontinuation of immunotherapy should be considered if
the pregnancy occurs during the buildup phase” as the dose
during this phase is unlikely to be therapeutic [4].

Efficacy

Immunotherapy for children has been shown to be effective
and well tolerated [3, 4]. Many clinical trials have shown
that SCIT and SLIT are beneficial for allergic rhinitis and
asthma by decreasing symptoms and medication use [9-11].
One study in children age 5-10 years showed that both SCIT
and SLIT when compared to pharmacotherapy demonstrated
a significant reduction of total rhinitis and asthma symptoms
score, total medical score, and skin reactivity to house dust
mite [10]. A randomized, double-blind, placebo-controlled
study assessed efficacy of grass pollen immunotherapy in
children 3-16 years old with a history of seasonal allergic
asthma sensitized to grass pollen and requiring daily inhaled
corticosteroid for asthma management [9]. In this study,
the use of immunotherapy was associated with significant
reduction in asthma symptom-medication score compared
with placebo, and significant reductions in cutaneous, con-
junctival, and bronchial reactivity to allergen after immu-
notherapy compared with that after placebo [9]. For atopic
dermatitis, a double-blind, placebo-controlled study of 48
pediatric subjects with AD who received treatment to dust
mite allergy with SLIT revealed a significant difference
from baseline in visual analog scores, SCORAD scores, and
pharmacotherapy utilization in the mild-to-moderate group;
however, patients with severe AD had minimal benefit [4,
12]. One systematic review of AIT for AD showed signifi-
cant improvement in symptoms in subjects with AD who
received SCIT [13].

A retrospective study analyzing data from 107 children
who had taken venom immunotherapy (VIT) from 2002 to
2015 concluded that VIT appeared to be safe and protec-
tive against severe reactions after future stings [14]. A 2012
Cochrane Review meta-analysis was performed to evaluate
the effectiveness of VIT for preventing allergic reactions to
insect stings [15]. The systematic review analyzed 7 ran-
domized controlled trials which included 392 participants
(children and adults) involving ant, bee, and wasp immu-
notherapy with previous systemic or large local reactions
to a sting. The study revealed that VIT reduces the chances
of having a serious allergic reaction to an insect sting by
90% and significantly improves quality of life of patients
who have had serious reactions to insect stings by reducing
anxiety and possible limitation of activities caused by fear
of stinging insects [15].
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Prevention

Preventative effects and disease-modifying treatment are
unique characteristics of AIT that other treatment modali-
ties for allergic disease do not possess. AIT might prevent
the development of sensitivity to new aeroallergens in mono-
sensitized children [16, 17ee]. It has also been shown to
decrease the possibility for later development of asthma in
patients with AR/C [17ee, 19ee 20]. Another study in 2017
concluded that AIT given for 3 years significantly decreased
the risk of asthma in patients with AR with the greatest
effect in children and for pollen AIT [18]. The effect was
present up to 2 years after the end of treatment; however, no
significant conclusion could be made in regard to a main-
tained effect over a longer duration [18].

Safety
Systemic Reactions

AIT is considered a safe treatment; however, there are
adverse effects associated with AIT such as local and large
local reactions (LLRs) and systemic reactions, including in
rare cases anaphylaxis [4]. The majority of the severe sys-
temic reactions will happen within 30 min after injection [5,
6]. SLIT has a better safety profile than SCIT because fewer
systemic side effects and no deaths have been reported with
SLIT [21, 22ee]. One prospective study examined the safety
of AIT in children less than 5 years of age and found there
was one systemic reaction among 6,689 injections in 239
subjects. The authors concluded that specific immunother-
apy in children younger than 5 years is a safe treatment [23].

Because almost all severe systemic reactions occur within
30 min after the injection, the practice parameters recom-
mend a 30-min observation period after an injection at the
medical clinic [4]. Injections for AIT should also be given
in a setting where severe systemic reactions such as anaphy-
laxis will be quickly recognized and treated by the medical
care team [4].

Local Reactions and Large Local Reactions

Local reactions are a common adverse effect of immuno-
therapy [24]. Seventy-one percent of the subjects in a survey
study of 249 patients undergoing AIT reported experienc-
ing a local reaction from their AIT [24]. Of those patients
who reported local reactions, 96% stated they would not stop
AIT because of the local reactions [24]. Individual local
reactions are not predictive of future systemic reactions or
having future local reactions [4, 24, 25]. However, some

patients with a greater frequency of LLRs might be at an
increased risk of future systemic reactions [26]. A retro-
spective large multicenter study compared the frequency of
LLRs (defined as > 25 mm) in subjects who had experienced
systemic reactions with age-, sex-, and allergen sensitivity-
matched controls who had not had AIT-induced systemic
reactions, which revealed that LLRs were increased fourfold
in those who experienced a systemic reaction compared to
those who had never experienced a systemic reaction [26].

Antihistamine Pretreatment/Epinephrine
Prescription

Pretreatment with oral H1-antihistamines may be helpful for
the management of AIT and might decrease the frequency of
systemic reactions caused by AIT [4, 27]. One randomized
controlled study showed that premedication with a second-
generation H1-antihistamine leads to a reduction in the
occurrence of severe systemic reactions caused by AIT [28].
For rush VIT protocols, pretreatment with H1-antihistamines
has been shown to significantly decrease frequency of LLRs
and systemic reactions [27, 29, 30].

First-line treatment of severe systemic reactions and
anaphylaxis is administration of epinephrine [4]. Although
the majority of severe systemic reactions with SCIT
occur within 30 min of injection, there are cases that have
occurred outside this time frame [6—8, 31ee]. Patients and
their legal guardians should be counseled on the risk of
adverse reactions including severe systemic reactions dur-
ing the informed consent process prior to initiating immu-
notherapy and educated on when to seek emergency medical
attention. A study published in 2019 surveyed allergists on
adverse reactions including systemic reactions of patients
on SCIT from 2008 to 2016. This study demonstrated that
prescribing epinephrine auto-injectors for SCIT does not
appear to improve outcomes, possibly due to low rates of
self-administration [31ee]. The AAAAI/ACAALI practice
parameters state that the decision to prescribe epinephrine
auto-injectors to patients receiving SCIT should be at the
physician’s discretion [4]. For United States FDA-approved
SLIT tablets, auto-injectable epinephrine must be prescribed
along with any SLIT tablet [22ee]. The AAAAI/ACAAI
practice parameters for SLIT recommend epinephrine (either
an auto-injector or other form for self-injection) to patients
receiving SLIT tablets [32].

Injection Limitations for Kids

Immunotherapy injections can be painful and traumatizing
to pediatric patients who have a fear of needles. This may
be a reason healthcare providers may attempt to limit the
number of injections. There is little data that supports mini-
mizing the quantity of AIT injections for patient comfort
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or therapy adherence. One study surveyed patients and the
legal guardians of pediatric patients on their perceptions
concerning the number of AIT injections given per visit
[33]. In this study, the majority of pediatric subjects (21/38
[55.3%]) were willing to undergo 3 or more injections and
indicated that “patients want to receive all clinically relevant
allergens for their immunotherapy despite having to receive
potentially more immunotherapy injections” [33]. Therapeu-
tic dosing in polysensitized patients may mean 2—4 shots.
Consequently, shared decision-making should be used when
considering the number of AIT injections per visit [33].

Dosing/Labeling

The efficacy of SCIT recommended for aeroallergens is
dependent on dosage. Specifically, effective SCIT correlates
with the administration of an optimal maintenance dose in
the range of 5-20 mcg of major allergen for inhalant aller-
gens. Placebo dose SCIT has been delivered in many forms
in the USA but best exemplified by Rinkel immunotherapy
which was shown to be no more effective than a histamine
placebo in influencing the weekly mean symptom, medica-
tion, and physical examination scores or IgE antibody levels
[34].

For nonstandardized extracts, a suggested maintenance
dose is “0.5 mL of a 1:100 or 1:200 wt/vol dilution of manu-
facturer’s extract” [4]. Effective doses have been defined in
the AIT practice parameter [4]. How to practically use the
recommended doses in the mixing lab has been proven to
be confusing to the practicing allergist such that “math-free”
guidelines have been published [35]. These authors have
found these to also be cumbersome and offer the 10% rule
as a simpler presentation of effective dosing to the practic-
ing allergist.

The 10% rule is based upon four assumptions. First, a
1:20 w/v manufacturer’s vial is utilized as the source vial
to create the red 1:1 v/v maintenance vial. Second, a main-
tenance dose of 0.5 mL of the 1:1 v/v red maintenance vial
is injected into the patient. Third, cross-reactivity is taken
into consideration such that non-cross-reactive tree, grass,
weed, and/or mold mixes are not used. Fourth, cross-reactive
allergens would either be in a manufacturer’s mix (e.g., box-
elder/maple, sage/mugwort) or a single allergen selected to
represent cross-reactive allergens used in skin testing (e.g.,
Timothy used for all the northern grasses). The 10% rule
means that each allergen used in the maintenance vial is 10%
of the volume of the maintenance vial.

There are three exceptions to the 10% rule. First, only 5%
of the maintenance vial is required for standardized north-
ern grasses (e.g., 0.5 mL of Timothy 100,000 BAU/mL in
a 10 mL maintenance 1:1 v/v vial). Second, AP dog should
be 15% of the maintenance vial. It is not possible to achieve
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a therapeutic dose with non-AP dog as it is so weak [36].
Third, standardized cat extract should be 20% of the mainte-
nance vial. In summary, the 10% rule becomes 5-10-15-20
to include the 3 exceptions.

Venom Immunotherapy and Imported Fire
Ant Immunotherapy

Immunotherapy is indicated for patients with stinging
insect hypersensitivity who exhibit Hymenoptera-specific
IgE antibodies [4]. The third update AAAAI/ACAAI prac-
tice parameters for immunotherapy state that “VIT might
be effective in reducing LLRs that might cause significant
morbidity and impair quality of life” [4]. For children who
have experienced cutaneous-only reactions to Hymenoptera
stings, immunotherapy may not be required. VIT is funda-
mentally like inhalant allergen immunotherapy, with a few
unique features such as no associated increased incidence of
systemic reactions with rush VIT compared to inhalant rush
immunotherapy. Also, in patients who cannot safely discon-
tinue beta-blockers but who have a history of moderate-to-
severe systemic reactions to Hymenoptera insect stings, VIT
may be initiated.

Utilizing whole-body extract, placebo dose VIT had
unknowingly been used in the USA prior to 1978. The Johns
Hopkins group demonstrated venom rather than whole-body
extract was effective for the successful treatment of venom
allergic patients [37]. In contrast, utilization of whole-body
extract for imported fire ant (IFA) immunotherapy is effec-
tive using monthly maintenance doses of 0.5 mL of a 1:100
wt/vol concentration [38]. In the case of VIT, the optimal
maintenance dose is 100 mcg for each venom [4].

Schedule

Generally, the initial AIT dose is 1,000- to 10,000-fold
less than the maintenance dose. This excludes SLIT, where
the starting dose is the maintenance dose. Immunotherapy
schedules can be divided into two periods—the buildup and
maintenance phase. The buildup phase entails administra-
tion of gradually increasing doses of a period of approxi-
mately 8 to 28 weeks. In conventional schedules, a single
dose increase is given on each visit. The visit frequency can
vary from 1 to 3 times per week. Utilizing cluster and rush
schedules are another way to optimize options to enable the
patient to achieve maintenance in fewer visits because these
accelerated schedules entail administration of several injec-
tions at increasing doses on a single visit.

Dose adjustments may be needed in the event of systemic
reactions or gaps in therapy; however, evidenced-based
guidelines on dose adjustments during AIT have not been
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established. In the case of systemic reactions, many provid-
ers decrease the dose to one that was formerly tolerated or
an even lower dose depending on the severity of the reaction.
Careful increase in subsequent doses can be attempted if
the patient is able to tolerate the reduced dose. For missed
immunotherapy doses during the buildup phase or gaps in
therapy, it is customary to reduce the dose of AIT extract [4].

Adherence

Adherence to AIT is affected by many factors such as the
inconvenience frequent visits for injections, adverse side
effects, and cost which are the foremost reasons for discon-
tinuation [22ee, 39]. The AAAAI/ACAAI practice param-
eters recommend that patients should be assessed every 6 to
12 months while they receive SCIT. We can infer a similar
follow-up schedule for patients on SLIT. Considerations
should be given for closer follow-up during the buildup
phase of AIT with progressively longer intervals from 1-, 2-,
4-, and 6-month follow-up visits, and then routine 6-month
follow-up visits [4, 22ee]. Evaluation of clinical response to
AIT, compliance, and medical history changes since previ-
ous visit should be addressed at follow-up visits.

Sublingual Immunotherapy

There are currently 3 FDA-approved SLIT formulations
for the treatment of grass and ragweed allergy for pediatric
patients (see Table 1) [40—42]. SLIT for house dust mite
(ODACTRA) is available; however, it is not approved for
patients under 18 years of age [43]. Safety and effective-
ness of FDA-approved SLIT formulations have not been
well-established for children <5 years of age [40-43]. The
AAAAI/ACAALI practice parameters for SLIT developed in
2017 do not endorse alternative formulations and prepara-
tions of SLIT, such as using liquid SCIT extract delivered
sublingually or using of specific sublingual drops or other
sublingual tablets as these products are currently not FDA-
approved [32].

There is no induction/buildup period in North America
or Europe for the Timothy grass (GRASTEK) or ragweed

(RAGWITEK) SLIT [22ee]. Year-round daily SLIT doses
are 2800 BAU for Timothy grass and 12 Amb a 1 units for
ragweed [22ee, 40, 41]. For patients between 5 and 17 years,
the induction schedule for the FDA-approved 5-grass SLIT
(ORALAIR) is one 100 index of reactivity (IR) dose tablet
on day 1, two 100 IR dose tablets on day 2, and one 300
IR dose tablet on day 3 [42]. The daily maintenance dose
thereafter is 300 IR, which is equal to 9000 bioequivalent
allergy units (BAU) [42].

Costs and Coding

A ten-injection buildup schedule through each vial with a
4-vial set would be 40 visits to maintenance. Achieving this
with twice-weekly visits and maintenance injections every
2—-6 weeks results in an average of 50 visits in the first year.
This would be billed as 50 units of 95,165 for each injec-
tion. Though a patient on 4 injections would be 200 units,
most insurance carriers limit annual doses to 150-160 units
per year. However, in subsequent years 2-5, refills would be
under the annual limits with 80 units per year (20 units per
shot) assuming a 6-visit buildup after a 50% dose adjustment
for a new vial and then another 14 visits over the remainder
of the year with maintenance injections every 2—6 weeks. In
summary, using effective doses results in excellent medical
care with a sound business model.

Utilizing cluster schedules is another way to optimize
options to enable the patient to achieve maintenance in fewer
visits. As the cost of cluster injection visits (CPT 95,180)
is seven times more expensive for the patient than a typical
visit (CPT 95,115 and 95,117), insurance typically dictates
whether this is an option for the patient. However, many car-
rier plans cover in a way that there is no additional cost to
the patient. This is beneficial to the patient and a beneficial
business model. When implementing cluster immunother-
apy, offices must pre-check insurance before the initial visit
and review treatment and cost with patient when consenting
for SCIT. This author routinely offers three injection cluster
visits (CPT 95,180 2 units) in the green 1:1,000 v/v vial and
two injection cluster visits (CPT 95,180 1 unit) in the blue
1:100 v/v vial. This facilitates the patient getting through the
first two vials in eight visits rather than twenty visits.

Table 1 Available U.S. FDA-approved sublingual immunotherapy (SLIT) for pediatric patients

SLIT tablet Aeroallergens Time of initial U.S. FDA approval = Expanded U.S. FDA approval for decrease in age
ORALAIR Sweet vernal, Orchard, Perennial Rye,  April 2014 (for age 10 to 65 years) November 2018 (for age 5 to 65 years)
Timothy, and Kentucky Blue Grass
mix
GRASTEK Timothy grass April 2014 (for age 5 to 65 years)  N/A
RAGWITEK  Short ragweed April 2014 (for age 18 to 65 years)  April 2021 (for age 5 to 65 years)
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Special Considerations

Immunotherapy injections can be a challenge to admin-
ister due to needle fear in children and pain associated
with injections. Strategies used to decrease needle phobia
and increase adherence include child life consultants, age-
appropriate distractions, and positive reinforcement with a
reward system such as stickers and candy after each injec-
tion and/or transition to a new vial during buildup. A sys-
tematic review of 22 studies evaluated the effectiveness of
psychological interventions for reducing vaccination pain
and related outcomes in children and adolescents [44]. The
review concluded that interventions such as verbal, video,
music distraction, and breathing with a toy are effective
interventions for reducing pain and pain-related outcomes
during vaccine injections in children [44].

Conclusion

Allergen immunotherapy is safe and effective and should
be considered in children with allergic disease. There is
no specific lower age limit for initiating immunotherapy if
indications are present [4]. Indications are AR/C, allergic
asthma, and stinging insect hypersensitivity. The updated
AAAAI/ACAALI practice parameters for AIT include AD
in patients with aeroallergen sensitization and for patients
who experience bothersome LLRs with venom stings [4].
Available forms of immunotherapy for children include
SCIT and SLIT (not approved for age <5 yo). Each case
should be considered individually by weighing the risks
and benefits. A special consideration to initiating immu-
notherapy at a younger age would be the preventative role
AIT has on the development of new allergen sensitiza-
tions and development of asthma in patients with allergic
rhinitis.
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