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Abstract. Background and aim.: Allergen immunotherapy (AIT) is the only treatment which acts on the causes
of allergic diseases by modifying their natural history. In the eighties subcutaneous immunotherapy (SCIT)
with high bio-logical power allergen extracts caused a number of severe systemic reactions and also fatalities
in the UK and the US, resulting in its limitation and in the introduction of other routes of administration.
The aim of this review is to make a reflection about still unclear and unidentified factors favoring severe reac-
tions during SCIT. Methods: Approaches to prevent fatal or life-threatening reactions to AI'T and the current
consensus on how to prevent life-threatening reactions to AIT have been taken into account. Resu/ts: A deci-
sive advance for SCIT safety was understanding that the major cause of mortality was injecting the allergen
extract to patients with uncontrolled asthma. This awareness resulted in a significant decrease in fatalities, but
not in their abolition, except for Hymenoptera venom immunotherapy. Among the factors favoring severe
reactions there are the administration of a wrong extract or of allergen doses higher than listed, unintentional
intravenous administration, and missed dose reduction after protracted interruption. Moreover, in the context
of the improving of the safety, the role played in tolerance-promoting by adjuvants such as CpG oligodeoxy-
nucleotides has to be taken into account, as well as the potential preventive effect performed by the monoclo-
nal anti-IgE antibody omalizumab against the exacerbation of severe reactions during SCIT. Conclusions: The
safety of SCIT is good, but the research to improve it further must continue. In particular, the pathophysi-
ological mechanisms related to AIT for inhalants and for Hymenoptera venom should be studied, based on
the evident diversity demonstrated by the complete absence of fatal reactions to Hymenoptera venom im-
munotherapy from its introduction in comparison with the history of serious and fatal offenses examined in
this review. (www.actabiomedica.it)
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Background over time, which can be indefinite. From the earliest

empirical studies conducted more than one hundred
Allergic diseases can be treated with a series of years ago, it was reported that the subcutaneous in-

symptomatic drugs, but only allergen immunotherapy
(AIT) acts on the causes of allergy by modifying its

natural history and thus ensuring a prolonged duration

jection of the causative allergen could provoke adverse
reactions, some of which even serious (1). For what
concerns local reactions they include more frequently
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redness, swelling and itching at the injection site
and can be easily treated through the use of topical
steroids, cooling and systemic antihistamines. In the
context of systemic reactions to SCIT mild to severe
reactions of the skin, gastrointestinal tract, airways or
cardiovascular system may be experienced (2). When
in the eighties, the progressive qualitative improve-
ment of allergenic extracts made products of high bio-
logical power available, serious adverse reactions, and
in particular fatal events reported in the UK and the
US (3, 4), which resulted in limitations, and in some
countries in leaving, of AIT (5). Since then, various
interventions have been proposed to prevent severe
and especially fatal reactions. A retrospective study
performed on more than two thousands patients with
a total number of 192.505 injections showed that 5.2%
of patients (0.06% of injections) experienced systemic
reactions (0 fatalities), mostly occurring within the
30 minutes after the injection (6). In 1978, a placebo-
controlled trial paved the way for a new type of im-
munotherapy, venom immunotherapy (VIT), which
aims to prevent serious, potentially fatal reactions to
stings in patients allergic to Hymenoptera venom (7).
Concerning safety, despite the fact that systemic reac-
tions in both build-up and maintenance therapy may
occur, no fatal reactions have ever been described (8).

Approaches to prevent fatal or life-threatening
reactions to AIT

The first tactic to prevent serious adverse reactions
consisted of identifying for each allergen to be admin-
istered the dosage capable of ensuring the effectiveness
of AIT without causing systemic reactions (9]). The
use of allergoids, based on the chemical modification
of allergen extracts resulting both in the reduction of
allergenicity and in the maintaining of immunogenic-
ity, has evidence of higher safety (10). The problem
of life-threatening reactions was a stimulus to the
search for alternative routes of administration instead
of injection: in this context, life-threatening reac-
tions described in patients treated with dust mite al-
lergens aside (11), the sublingual route having been
shown to be safer and in particular since no fatal re-
actions have been reported (12). Significant progress

for subcutaneous immunotherapy has come with
the understanding that the leading cause of mortal-
ity was injecting the allergen extract to patients with
uncontrolled asthma at the time of injection (13),
whose avoidance resulted in a substantial decrease in
the number of fatal reactions. Still, a slight increase
has been observed in recent years, suggesting that
physicians and healthcare professionals need to main-
tain a high level of attention (14).

The current consensus on how to prevent
life-threatening reactions to AIT

In 2019, a survey promoted by the American
Academy of Allergy, Asthma, and Immunology/
American College of Allergy, Asthma, and Immu-
nology found that despite the mean annual reported
fatalities per year had declined, an unexplained slight
increase in SCIT-related fatalities from 2015 to 2017
was detected (15). This implies that research on fac-
tors still unidentified favoring severe reactions should
continue, but at the same time, the importance of fac-
tors long known and still present must not be over-
looked. They include errors, sometimes serious, such
as the administration of a wrong extract, the admin-
istration of allergen doses higher than scheduled, and
the inadvertent intravenous administration; others
are less dangerous, such as the failure to reduce the
dose after prolonged interruption and the insufficient
duration of the waiting period after injection (16).
Actually, although the risk of fatal reactions has been
greatly reduced, near-fatal reactions may occur, this
requiring that doctors who practice AIT receive spe-
cialized training and are aware of the risk factors for
anaphylaxis and current measures to draw any type of
reaction (17). In a recent review, Dhamija et al. high-
lighted that together with the high eflicacy, the po-
tential risks of systemic reactions in each patient must
be considered, the latest estimate corresponding to
1 systemic reaction per 1000 injection visits (0.1%) and
1/160,000 life-threatening anaphylactic reactions (18).
The most recent ruling was made by a group of opin-
ion leaders on AIT, who have reconsidered the en-
tire history of the sublingual route and the advances
that have led to its current role as the chief treatment
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for allergic patients. Regarding safety, in addition to
the known risk factors already described (13-15), the
authors highlighted the role of adjuvants in enhancing
immunogenicity when associated to improved safety.
The clinical outcome has also been demonstrated
with passive immunotherapy with monoclonal block-
ing IgG4 antibodies in a phase 2 study on cat allergy,
and it can likely be used in trials on other allergens.
Recently, immune tolerance-promoting properties of
CpG oligodeoxynucleotides (CpG-ODN) placed this
adjuvant in a prominent position as immune modula-
tor in the treatment of allergic diseases. CpG-ODN
dose at low concentrations, in fact, was found to be
crucial in endorsing immune regulation and IL-10
producing B regulatory cells, while low doses of plas-
macytoid dendritic cells induce an inflammatory re-
sponse. These properties suggest a role for CpG-ODN
as an adjuvant or immune modulator in AIT and de-
serve additional attention (19). Lastly, treatment with
nucleic acid-based is in the initial evaluation phase by
controlled trials, but no positive effects have yet been
reported thus far (20).

Despite the significant reduction in fatalities
caused by AIT, systemic and even life-threatening re-
actions still may occur. In 1995, in a group of 1056
children undergoing SCIT, a percentage of 3.7% had
systemic reactions and house dust mites were the ex-
tracts most commonly responsible for systemic re-
actions, with a prevalence significantly higher than
in those treated with pollen extracts (21). However,
this observation was not confirmed by further stud-
ies. Recent studies did not find consistent differ-
ences among diverse allergens. In the first, 28 of 380
patients had a systemic reaction necessitating epi-
nephrine administration, with a frequency of one per
1,047 injections. Twenty-six of the 28 reactions hap-
pened in the 30-minute observation period post AIT
administration. Of patients with systemic reactions,
11 had asthma, and five had a history of likely food
allergy (22). The other study included 37 patients,
78.7% being females, with a mean age of 29.8 years;
76.6% of them had allergic rhinitis, and 23.4% of them
had both asthma and allergic rhinitis. The global rate of
local adverse reactions and systemic adverse reactions
were 19% and 2.1%, respectively (23). Other factors
suspected of favoring systemic reactions are pediatric

age (24) and female sex (25), but the literature is not
yet sufficient to demonstrate their real importance.

The obstacle to reaching the effective dose of AIT
caused by repeated reactions has been shown to be ef-
fectively overcome with biologics. In particular for the
monoclonal anti-IgE antibody omalizumab, evidence
of effectiveness in oral immunotherapy for food al-
lergies have been reported (26, 27). Some studies on
patients undergoing subcutaneous immunotherapy are
available. Comparing patients of pediatric age receiving
SCIT to those receiving a combination of SCIT and
omalizumab, 19 severe reactions (1.2% of injections)
occurred in 10 patients of the SCIT group, compared to
the 3 severe reactions (0.4% of injections) of the omali-
zumab group, this difference being significant. The au-
thors concluded that such a combination was safe and
may serve as a bridge to administer SCIT safely (28).
Further studies confirmed the success of such treatment
in preventing systemic reactions to allergen immuno-
therapy in both children and adults (29, 30).

A particular problem is the COVID-19 pan-
demic, which has been shown to adversely affect many
diseases. Pfaar et al. evaluated the effect of COVID-19
on allergen immunotherapy in Germany through a
web [Ibased retrospective survey by using an online plat-
form including 26 standardized questions. The results
showed that adherence to national and international
position papers of allergen immunotherapy (31, 32)
was maintained during the COVID[119 pandemic and,
as confirmed by ther surveys, a good treatment toler-

ability has been observed (33).

Conclusion

The worldwide prevalence of respiratory al-
lergy, in particular allergic rhinitis, is constantly in-
creasing (34). The natural history of allergy includes
its regression over time as well as relative stability or
worsening, but it is not possible to predict which one
will occur (35). The allergic symptoms may be treated,
according to their kind or severity, with drugs includ-
ing antihistamines, chromones, beta-2 adrenergic
agonists, antileukotrienes, and corticosteroids. The ef-
ficacy of drug treatment on allergic rhinitis is acknowl-
edged in consensus documents (36) but it is limited
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to symptom control. Actually, the only treatment able
to modify the natural history of allergy is AIT. Once
the risk factors for severe systemic reactions to SCIT
and, in particular, the triggers of fatal reactions were
understood, the frequency of both underwent a sig-
nificant reduction, particularly of fatalities, while sys-
temic reactions remain not uncommon: this suggests
that the search for risk factors still unidentified must
go on. Examples include the discovery of the respon-
sibility for undiagnosed mastocytosis in patients with
history of anaphylaxis caused by insect venom who ex-
perienced severe reactions during SCIT (37) and the
effective prevention obtained by regularly measuring
the levels of tryptase, which is the marker of mast cell
disorders (38). Due to its high frequency, especially in
pediatric age (39), food allergy was also treated with
immunotherapy. As for respiratory allergy, the subcu-
taneous routes were associated with systemic reactions,
even severe ones, while the oral route reduced the rate
of severe reactions, though they may still occur (40).

Regarding possible factors influencing the se-
verity of the reactions to AIT, the striking difference
between AIT in general, whose history has shown a
risk of severe life-threatening reactions now reduced
but not abolished, and the specific venom immuno-
therapy (VIT), that since its introduction has never
caused fatal reactions (41), should be considered
carefully. This could lead to the speculation that re-
ceiving VIT through the same cutaneous route that
caused the allergic reaction to the insect sting could
be partially tolerogenic. Only in-depth studies aimed
at investigating the different types of allergen specific
immunotherapies through their respective pathophys-
iological mechanisms could suggest the credibility of
this hypothesis.
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