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Abstract
Background: Subcutaneous immunotherapy (SCIT) is an effective treatment for allergic rhinoconjunctivitis. However,
adverse events, including life-threatening systemic reactions, may occur. The purpose of this project is to identify
risk factors for systemic reactions to SCIT and to provide practice-based solutions using a quality improvement (QI)
framework.
Methods: A QI initiative was performed in a hospital-based, Canadian Allergy clinic administering SCIT in a 12-month
period.
Results: A total of 4242 injections of SCIT were performed over a period of 12 months. Of these, 10 injections
resulted in a systemic reaction requiring epinephrine administration (i.e., an incidence of 1 in 424 injections, or 0.24%).
Eight patients had at least one documented risk factor for a systemic reaction, and six had multiple risk factors.
Major risk factors included seasonal exacerbation of allergic rhinitis, uncontrolled asthma, and an error in route of
administration. All reactions occurred with the highest allergen extract concentration.
Conclusion: This QI initiative highlights the need for improved patient and health care practitioner education and
pre-administration screening. We suggest several considerations for SCIT administration: provide patients with written
information on safety; screen patients before injections, including a review of treatment plan adherence and asthma
control; adjust dosing to slow down buildup of the most concentrated immunotherapy extract, particularly in high
risk patients; and apply additional safety measures in patients with multiple risk factors.
Keywords: Systemic reaction, Anaphylaxis, Quality improvement, Subcutaneous immunotherapy, Immunotherapy,
Aeroallergen, Allergy
Background
Subcutaneous immunotherapy (SCIT) offers effective
disease modifying therapy for several common allergic
conditions. The safety and efficacy of SCIT has been
established in the management of allergic rhinitis,
allergic conjunctivitis, allergic asthma, and stinging
insect hypersensitivity [1]. SCIT may also be considered
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in patients with atopic dermatitis with aeroallergen
sensitization [1, 2]. The clinical utility of SCIT has been
demonstrated over the years; however, the potential for
adverse reactions remains a concern. Adverse reactions
may present as a localized reaction at the injection
site or may present systemically [3]. Systemic reaction
are rare when following a conventional protocol, with
a prevalence of less than 1.0% of patients and 0.1% of
injection visits [4]. Systemic reactions are significantly
more prevalent when using a “rush protocol” for
aeroallergens, which aim to achieve maintenance
dosing within 4 h to 6 days [2]. Some studies have
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described the prevalence of systemic reactions in rush
immunotherapy to be greater than 34% of patients (in
the absence of premedication) [2]. For all protocols,
systemic reactions occur more frequently during the
build-up phase compared to the maintenance phase [5].
Fatal reactions to SCIT are rare, with surveys reporting
a rate of 1 fatal reaction per 9.1 million injection visits
[4].
International societies have sought to develop a
consensus on the use of allergen immunotherapy in
clinical practice, with landmark contributions from
the American Academy of Allergy, Asthma, and
Immunology (AAAAI), and the European Academy
of Allergy and Clinical Immunology (EAACI) [2,
6]. These reports include a summary of the current
state of allergen immunotherapy, with attention
to the risk of systemic reactions. Additionally, the
2016 Immunotherapy Manual published by the
Canadian Society of Allergy and Clinical Immunology
(CSACI) summarizes several risk factors, including
uncontrolled asthma and/or an FEV1 < 70% predicted
on spirometry, previous history of systemic reactions
to SCIT, SCIT injections from a new extract vial,
concomitant treatment with beta-blockers, and
administration errors such as an intramuscular
injection or a dosing error [1]. Risk factors should be
monitored in all patients receiving SCIT. In particular,
beta-blockers should be discontinued in most cases
prior to starting aeroallergen SCIT, and asthma
should be optimally controlled at the time of each
injection. The AAAAI, EAACI and CSACI outline
additional strategies to reduce the risk of anaphylaxis,
including routine screening for symptomatic asthma,
avoiding immunotherapy injections in patients with a
respiratory infection, fever, or severe exacerbation of
allergic rhinoconjunctivitis symptoms, avoiding dose
increases and/or considering decreasing doses during
peak allergen season, and avoiding strenuous exercise
for at least 1 h before and 2 h after injection [1, 2, 6].
The implementation of these considerations requires
thoughtful coordination between the patient, physician,
and clinic staff. Given the risk of adverse reactions,
optimizing safety in patient care is of paramount concern
for all clinicians.
Limited Canadian data is available regarding the
incidence of systemic reactions in SCIT and the risk
factors associated with them. Thus, the purpose of this
quality improvement (QI) project is to describe and
identify causes of systemic reactions to SCIT requiring
epinephrine administration in a hospital-based Allergy
and Clinical Immunology practice and provide a quality
improvement framework to mitigate such risks for
patients on allergen immunotherapy.
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Methods
A QI initiative was conducted at a large Canadian
academic Allergy and Immunology clinic from
January–December 2019. A total of 4242 subcutaneous
injections were administered during this time. A total
of 860 patients were prescribed SCIT in this period,
this includes both patients who received injections
in our clinic, as well as those who went on to receive
injections elsewhere.
As per clinic policy, prior to commencing SCIT,
all patients signed informed consent and contractual
agreements to adhere to the treatment plan, including
the avoidance of known contraindications and risk
factors that may increase the risk of adverse reactions
[1]. Patients received SCIT in the clinic and were asked
to remain in the clinic or hospital for at least 30 min
in order to monitor for adverse reactions. Extracts for
SCIT were prepared and provided by the local hospital
pharmacy at St. Joseph’s Healthcare, London, Ontario,
Canada. Systemic reactions were managed according to
standard of care for anaphylaxis [1].
For patients who underwent immunotherapy for
aeroallergens, SCIT was administered according to
the protocol outlined by the CSACI Immunotherapy
Manual [1]. Patients who underwent immunotherapy
for stinging insect hypersensitivity followed the
protocol shown in Table 1.
As part of the quality control initiative, all patient data
with a systemic reaction to allergen immunotherapy
requiring epinephrine administration were recorded
including patient characteristics (age, sex, past medical
history, risk factors, and medications) and details of
the reaction (severity, presenting symptoms, reaction
month and pollen count, allergens, time course of the
reaction, and treatments). Dose and vial number were
also documented. Systemic reactions were graded using

Table 1 Dosage schedule
immunotherapy (VIT)

for

insect

venom

allergen

VISIT# (q1-2wk)

Conc. (mcg/mL)

Volume (mL)

1

10

0.10

100

0.05

100

0.10

100

0.15

100

0.15

100

0.30

100

0.30

100

0.50

100

0.50

2
3
4
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the World Allergy Organization (WAO) SCIT Systemic
Reaction Grading System [7].

Results
During the 12-month period of the QI initiative
(January–December 2019), a total of 4242 allergen
immunotherapy injections were administered. Ten
patients experienced systemic reactions that required
epinephrine administration. The incidence of systemic
reactions requiring epinephrine was 1 in 424 injections
(0.24%) in this clinic patient population.
Reaction details and patient characteristics are
summarized in Table 2. Patient ages ranged from
17–52 years (median age: 30.5). Most patients (80%)
were female. Atopic comorbidities included: asthma
(50%), eosinophilic esophagitis (10%), and food allergies
(20%). Reaction timing was compared with local pollen
counts; three patients received injections coinciding
with moderate to high pollen counts (Table 2).
Other risk factors include the use of concomitant
medications, including the use of an angiotensin
converting enzyme (ACE) inhibitor on the day of the
injection by one patient (10%), who had also taken a
non-steroidal anti-inflammatory drug (NSAID) the
day prior to the injection. All of the reactions occurred
with aeroallergens; as well, all occurred at the highest
concentration of allergen extract (vial 4). The injection
volumes ranged from 0.05–0.50 mL. Five reactions
(50%) occurred in the build-up phase, including three
patients (30%) who reacted while receiving 0.05 mL of
extract from vial 4, and five reactions (50%) occurred
in the maintenance phase (0.5 mL of vial 4). Lastly, all
reactions occurred with extracts containing multiple
allergens (lowest number of allergens per extract: two;
highest: seven). The majority of reactions (80%) occurred
with vials containing a mixture of standardized and
non-standardized extracts, and a minority contained
standardized extracts only (20%).
Seven patients (70%) reacted within 30 min of the
injection. Two patients (20%) experienced a delayed
reaction onset, one occurring 40 min, and the second
60 min post-injection. Time to reaction onset was not
documented for one patient. According to the WAO
grading system, three reactions (30%) were grade one, six
reactions (60%) were grade two, and one (10%) reaction
was grade three. There were no grade four reactions, and
no reactions were fatal.
We identified multiple risk factors in patients with a
systemic reaction to allergen immunotherapy requiring
epinephrine administration. Six patients (60%) had
several potential risk factors that included: accidental
omission of pre-medication, injection from a new vial
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despite appropriate dose reduction, injection during
high pollen season, concomitant ACE inhibitor use,
uncontrolled asthma, possible error in administration
route, and previous history of systemic reactions to
SCIT. There were two patients (20%) with only a single
risk factor: one patient received an injection from a
new vial (without dose reduction) and one patient
reported strenuous exercise prior to injection. Two
patients (20%) did not have any obvious risk factors for
their reaction; however, one patient was experiencing
longstanding respiratory and cardiac symptoms of
unknown etiology at the time of their reaction.
All patients received epinephrine 0.5 mg (1:1000
concentration) to the anterolateral thigh. Three
patients (30%) received more than one dose of
epinephrine. Nine patients (90%) received epinephrine
intramuscularly. One patient (10%) who experienced
a mild systemic reaction received epinephrine
subcutaneously, at the discretion of the supervising
physician. Following epinephrine administration, eight
patients (80%) remained in-clinic for observation, one
(10%) was transferred to the Emergency department,
and one (10%) was transferred to the Urgent Care
department (following a Grade 3 reaction). Additional
treatments received by patients included Salbutamol,
Diphenhydramine,
Cetirizine,
Ranitidine,
and
Prednisone.
Following the adverse reactions, each patient was
seen on a follow-up visit to discuss their interest in
and candidacy for continuing allergen immunotherapy.
Interested patients who were deemed safe to continue
treatment had their dosing protocols adjusted
according to the AAAAI practice parameter and CSACI
Immunotherapy Manual recommendations [1, 2]. Nine
patients (90%) chose to continue with SCIT, and one
patient (10%) chose to discontinue therapy. The patient
who chose to discontinue SCIT had been experiencing
longstanding respiratory and cardiac symptoms not yet
diagnosed, and shared decision-making was utilized to
pause immunotherapy until his symptoms were further
investigated. For the patients continuing SCIT, buildup
was paused and SCIT was maintained at a lower dose
until the relevant pollen season ended. As per CSACI
guidelines, for patients who experienced severe
anaphylactic reactions, the subsequent dose of allergen
extract was reduced to 10% of the previous dose. For
those who experienced mild systemic reactions, the
subsequent dose was reduced to 50% [1]. All patients
gradually returned to their previously prescribed
maintenance dose without further adverse events
during our analysis period.
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Table 2 Characteristics for patients with systemic reactions to SCIT
Patient Age Gender Relevant
Reaction
number
comorbidities grade
(WAO)

Time to
reaction
(min)

Pollen
prevalence

Extract content Extract volume
(all patients
were on 1:1
concentration
of extract)

Risk factor

1

23

Female

None

3

5

None

1st vial
1. Dust mite
2. Cat
2nd vial
1. Mixed tree
2. Grass
3. Ragweed

0.3 mL

1. Accidental
omission of
pre-mediation
(Rupatadine,
10 mg, PO)
2. First injection
from a new
serum vial

2

22

Female

None

2

60

None

1. Cat
2. Ragweed

0.5 mL
(maintenance)

High intensity
exercise 1 h prior
to injection

3

52

Male

Asthma

2

5

Grass (high),
Walnut (high),
Tree (high)

1st vial
1. Dust mite
2. Cat
2nd vial
1. Grass
2. Ragweed
3. Birch
4. Walnut

0.15 L

1. Seasonal
exacerbation: a
build-up dose
that included
walnut, grass,
and tree
allergens was
given during
peak pollen
season
2. ACE inhibitor
(Perindopril) was
taken the day of
the injection
3. NSAID
(Naproxen) was
taken the day
prior to the
injection
4. Previous large
local reaction

4

17

Female

None

2

15

Grass (low; high 1. Dust mite
the prior week) 2. Cat
3. Ragweed
4. Grass

0.1 mL

1. First injection
from a new
serum vial
2. History of
previous
systemic
reactions to SCIT
3. Seasonal
exacerbation: a
build-up dose
was given during
moderately high
grass pollen
season

5

25

Female

Asthma

2

30

Grass (low),
Cladosporium
(high)

0.5 mL

1. History of
previous
systemic reaction
to SCIT
2. Seasonal
exacerbation:
a maintenance
dose coincided
with high
cladosporium
counts

1. Dust mite
2. Cat
3. Cladosporium
4. Grass
5. Black walnut
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Table 2 (continued)
Patient Age Gender Relevant
Reaction
number
comorbidities grade
(WAO)

Time to
reaction
(min)

Pollen
prevalence

Extract content Extract volume
(all patients
were on 1:1
concentration
of extract)

Risk factor

6

37

Female

Asthma

2

15

Trees (medium),
weeds (low)

1st vial
1. Dog
2. Cat
3. Alternaria
2nd vial
1. Grass
2. Ragweed
3. Birch
4. Elm

0.05 L

1. Uncontrolled
asthma
2. First injection
from a new
serum vial
3. Error in
administration
suspected: the
injection site
did not appear
subcutaneous
4. Seasonal
exacerbation: a
build-up dose
was given during
peak pollen
season

7

33

Female

Asthma

2

40

Grass (low)

1st vial:
1. Dust mite
2. Cat
3. Dog
2nd vial
1. Grass
2. Ragweed
3. Birch
4. Oak
5. Walnut
6. Box elder
7. Sycamore

0.5 mL

1. History of
previous
systemic
reactions to SCIT
2. Uncontrolled
asthma

8

33

Male

None

1

Unknown,
None
time not
documented

1. Box elder
2. Birch
3. Sycamore
4. Mulberry
5. Walnut
6. Grass
7. Ragweed

0.5 mL

None

9

29

Female

None

1

5

None

1. Dust mite
2. Grass
3. Ragweed
4. Walnut

0.2 mL

None
Note: This patient
was experiencing
longstanding
respiratory and
cardiac symptoms
of unknown
etiology at the
time of the
reaction

10

32

Female

Asthma

1

15

None

1st vial
1. Box elder
2. Birch
3. Walnut
4. Grass
5. Ragweed
2nd vial
1. Dust mite
2. Cat

0.1 mL

First injection from
a new vial

ACE Angiotensin converting enzyme, NSAID Nonsteroidal anti-inflammatory drug, PO Per os (by mouth), SCIT Subcutaneous immunotherapy, WAO World Allergy
Organization
Extract composition: Dust mite extract includes D. Pteronyssinus and D. Farinae. Timothy grass was used for Grass extract. Tree extracts included a mix of relevant
pollens for Southwestern Ontario, Canada
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Discussion
Systemic reactions to SCIT occur in approximately
0.1% of injection visits, based on surveillance studies
conducted between 2008 and 2016 in North America [4].
In a recent paper by Robertson et al. the rate of systemic
reactions was 0.095% per injection in a referral-based
private practice in Kitchener, Ontario [8]. Whereas
the rate of systemic reactions to SCIT at this Canadian
Allergy & Immunology clinic was 0.24% per injection.
This rate is higher than the average rate reported, and
almost half of the reactions that occurred were possibly
avoidable. Thus, this QI initiative highlights the need
for improved education on risk factors (Table 3) and
improved screening for adherence.
The 2011 AAAAI practice parameters and 2016 CSACI
Immunotherapy Manual provide recommendations
for controlling risk factors in SCIT [1, 2]. Many of
the recommendations, such as adherence to asthma
maintenance therapy and reporting disease exacerbation,
are the responsibility of the patient. Our clinic requires
patients to sign a contractual agreement that includes
these instructions and precautions prior to commencing
immunotherapy. The cases highlighted in our QI initiative
demonstrate the need for additional checkpoints; for
example, the physician or nurse administering SCIT
should screen patients for adequate asthma control,
adherence to safety instructions, appropriate premedication, and any recent changes to medications or
lifestyle before each injection. Using a standardized preinjection screening questionnaire can ensure consistent
screening for all patients. A reminder at each visit may
help to stress the importance of adherence and atopic
disease optimization for reducing the risk of systemic
reactions.
We identified one possible case of error in
administration, involving intramuscular rather than
subcutaneous injection of extracts, as determined
by landmarking on physical exam by the supervising
physician. Although this is an uncommon event, certain
patients may be at an increased risk for such an error,
including those with limited subcutaneous tissue. This
case emphasizes the importance of maintaining technical
skills through continuing medical education. To further
reduce the risk of intramuscular injection, ultrasound
guidance, as proposed by Kim et al. could be used where
resources permit to accurately determine subcutaneous
tissue depth prior to injection [9]. More broadly, errors
in administration, such as dosing errors and incorrect
injection site, have been shown to contribute to almost
one-third of reactions in a survey conducted by Amin
et al. [10] In particular, dosing errors were reported by
physicians to be the second most important contributor
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to reactions to SCIT [10]. Similarly, Aaronson and
Gandhi surveyed allergists’ experiences with incorrect
allergy injections, finding that 58% recalled a patient
receiving an injection meant for another patient, and 74%
recalled a patient receiving the incorrect dose at least
once over a 5 year period [11]. These findings in part
reflect human error, but also the environment in which
they occur. Prevention strategies should evaluate systemic
errors, with solutions targeting workplace guidelines
and practices informed by patient safety literature. For
example, it is important for the patient and clinic to have
a log of the patient’s dosing protocol, and for nurses and
physicians to verify doses before administration. Clinic
staff should verify patient identity with at least two
identifiers prior to any medical procedure, including at
the time of immunotherapy administration [11].
All reactions occurred with the administration of the
highest extract concentration (1:1 vol/vol), denoted in
the Canadian community as vial 4. 40% of the reactions
occurred after the first injection of a new serum vial,
including one patient in the maintenance phase, and
three patients in the build-up phase. Previous studies
have shown that receiving an injection from a new vial
is a risk factor for a systemic reaction [2]. It is expected
that the quicker the increase in dose and the higher the
allergen concentration, the greater the risk of a reaction.
This finding emphasizes the importance of ensuring
appropriate dose reduction with a new vial of SCIT.
We found that 50% of the reactions occurred
during the build-up phase, with the highest extract
concentration (vial 4). In a retrospective case control
study, Mustafa et al. determined that 77.8% of systemic
reactions occurred at a dose of 0.1 mL or higher of vial 4
[12]. A suggested dosing protocol from the 2016 CSACI
Immunotherapy Manual recommends beginning vial
4 with a lower initial dose and a slower build-up phase

Table 3 Summary of Identified Risk Factors for Patients with
Systemic Reactions to SCIT
Risk factor

Number
of
patients

1. First injection from a new serum vial

4

2. Seasonal exacerbation of allergic disease

4

3. History of previous systemic reactions to SCIT

3

4. Sub-optimally controlled asthma

2

5. Omission of pre-medication

1

6. Exercise 1 h prior to injection

1

7. ACE-Inhibitor and NSAID usage coinciding with injection

1

8. Intramuscular administration

1

ACE Angiotensin converting enzyme, NSAID Nonsteroidal anti-inflammatory
drug, SCIT Subcutaneous immunotherapy
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compared to prior vials [1]. These guidelines leave room
for doses and intervals between doses to be adjusted
based on each patient’s tolerance and risk factors. Given
the frequent implication of vial 4 in systemic reactions,
it may be beneficial to consider adjusting the dosing
protocol to begin with an even lower dose followed
by smaller incremental increases for patients who are
otherwise at an increased risk of systemic reactions to
SCIT. Further research is needed to determine an optimal
dosing protocol.
All ten reactions involved patients receiving SCIT
for aeroallergens; no patients undergoing venom
immunotherapy experienced a systemic reaction during
the study period. This finding is noteworthy as our clinic
uses a unique and customized venom immunotherapy
protocol (Table 1) that includes an accelerated build-up
phase. Rush protocols for venom immunotherapy that
aim to achieve a maintenance dose in days to weeks
have been demonstrated to be equally effective and
safe when compared to conventional, slower protocols
[13–15]. Unlike immunotherapy for aeroallergens [16],
rush protocols for venom immunotherapy do not pose
an increased risk for systemic reactions, and this is
corroborated by our findings [13, 17, 18]. Note however
that ultra-rush protocols for venom immunotherapy
(achieving maintenance dosing in 4 h) have been
associated with an increased risk for systemic reactions
[19].
The majority of reactions (80%) involved a mixture
of standardized and non-standardized extracts, and
a minority (20%) involved standardized extracts only.
Non-standardized extracts present the potential for an
increased risk of systemic reactions due to variation
in extract concentration and composition between
batch preparations [2]. This risk may be mitigated
by using standardized extracts whenever possible,
with products currently available for five allergens
(Hymenoptera venom, dust mite, cat, short ragweed
pollen, and grass pollens) [1]. Additionally, we found
that all reactions occurred with extracts that contained
multiple allergens (lowest number of allergens per vial:
two, highest: seven). Multiallergen SCIT is the most
common practice among US allergists, as such the
safety and efficacy of this approach is demonstrated
in the AAAAI/ACAAI safety data [2, 4]. The use of
multiallergen extracts in polysensitized patients was
therefore felt to have limited contribution to patient
risk profiles.
In analyzing individual extracts in patients with
systemic reactions, we found that eight patients
received cat dander extract, two received dog dander
extract, and nine received grass pollen extract. These
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three aeroallergen extracts have been associated with
an increased risk of systemic reactions to SCIT [12].
Notably, two patients did not have any obvious risk
factors for systemic reaction; however, they had received
injections containing grass at the time of their reaction.
The significance of these allergens in patient risk
stratification should be explored in future research.
Five patients had comorbid asthma, including two
determined to have uncontrolled asthma at the time
of their reaction. Recent analysis of the multi-year
ACAAI/AAAAI National Surveillance Study identified
uncontrolled asthma to be a leading risk factor for
systemic reactions to SCIT, concluding that risk
management strategies should target patients with
asthma [20]. These findings emphasize the importance
of routine screening for asthma symptoms and lung
function, with a recommendation to withhold injections
in patients with treatment refractory asthma, those
exhibiting symptoms at the time of assessment, and/or
evidence of recent decline on pulmonary function tests
[20].
Four patients exhibited seasonal allergic rhinitis
exacerbation that was not detected prior to
administration. These reactions may have been prevented
through a focused screening procedure, or through
measured dose reduction during the peak pollen season
[1]. SCIT administration during peak pollen season
was the most important factor contributing to systemic
reactions identified by Amin et al. reported in 46% of
cases [10].
We identified three potential risk factors that have
mixed or limited evidence within the literature. These
include the omission of pre-medication, strenuous
exercise prior to immunotherapy, and the concurrent
use of an ACE inhibitor. The use of antihistamine
premedication may reduce the frequency of systemic
reaction in conventional and rush dosing protocols,
with greater evidence to support its use with accelerated
schedules [2]. The risk conferred by the omission
of premedication is unknown; however, it poses
a challenge in the interpretation of reactions and
individual patient sensitivities. Strenuous exercise prior
to receiving immunotherapy carries a theoretical risk
of worsening asthma symptoms in susceptible patients.
Suboptimal lung function around the time of injections
may be misinterpreted as (or potentially promote) a
systemic reaction is this population. The possibility of
uncharacterized asthma should be considered prior
to the initiation of SCIT, and the avoidance of heavy
exercise around the time of injection should be discussed.
The concurrent use of ACE inhibitors is a recognized risk
factor for systemic reactions in venom immunotherapy,
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although there is some evidence to the contrary [2, 21].
It has not been characterized as a risk factor in patients
receiving SCIT for aeroallergens; however, it carries a
theoretical risk of promoting anaphylaxis through the
impaired breakdown of vasoactive kinins [22].
Reactions to SCIT that occur more than 30 min postinjection are considered delayed reactions. In our QI
initiative, most reactions happened within 30 min of
injection. One occurred 40 min post-injection and
another 1 h post-injection, making up 20% of the
reactions. Existing literature varies in reports of delayed
systemic reactions. In a large prospective study, 0.16% of
injections were associated with delayed reactions [23].
Moreno et al. found that all reactions occurred within
30 min [24], while Rank et al. found that 48% of systemic
reactions occurred after 30 min [25]. Therefore, it is
important to have patients remain in the clinic for at least
30 min, and for even longer if the individual has a history
of delayed reactions or is at increased risk of systemic
reactions. Patients should be reminded to report delayed
reactions to physicians, and physicians should ensure that
events are clearly documented and appropriate changes
to dosing protocols are made. Patients may also benefit
from having a detailed plan created with healthcare
professionals for managing systemic reactions that occur
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after leaving the clinic, which may include the availability
of an epinephrine autoinjector at the discretion of the
treating physician [2, 25].
The findings in this QI initiative reflect the real-world
experience of allergists in a large academic institution
over a one year period. Many of the risk factors identified
are well described in the literature and may have been
potentially avoided. Our work highlights a need for
diligence in assessing individual risk factors on an
ongoing basis, with attention to modifiable risks such
as inadequate asthma control or varying sensitivities
through relevant pollen seasons. Moreover, this work
reflects a need for effective communication with patients,
both to identify changes in patients’ health status and to
inform patients on how to maintain best safety practices
between injections.
A summary of our recommendations for quality
improvement is provided in a diagram (Fig. 1). Our
recommendations are presented under four headings
(Patients, Nurses, Clinic, and Physicians) that serve as
examples of individuals who may take responsibility
for these actions. Patients take the responsibility of
adhering to their safety contract, avoiding outlined
contraindications, and reporting changes in their health
status. Nurses serve an integral role in screening for

Fig. 1 Systemic Reaction Quality Improvement Diagram. Analysis of factors which may be targeted to reduce the risk of systemic reactions. These
identified factors can be divided into four categories: patient, nurse, clinic, and physician
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symptomatic patients prior to injections, educating
patients on the best safety practices, and ensuring safety
in SCIT administration. Administrative staff in the clinic
may support patients by providing screening tools for
use prior to injection, take-home safety information for
reference, and optimizing clinic flow to ensure adequate
staffing and supplies for emergency situations. Physicians
may use discretion in optimizing patients’ dosing
schedules with consideration of their known risk factors,
with particular attention to modifiable factors such as
patients with symptomatic asthma and patients with
seasonal exacerbation of their allergic disease.
Our QI initiative is limited by the sample size. Low
rates of systemic reactions reflect the safety of SCIT
for aeroallergens but provide limited data for analysis.
The higher percentage of females over males among
those with systemic reactions to SCIT (80% females vs
20% males) may be a product of the small sample size,
and may reflect the female predominance (59%) in the
overall cohort of patients undergoing SCIT during the
analysis period. However, four retrospective studies have
made similar observations [12, 26–28]. This QI initiative
provides a snapshot of the rate of systemic reactions to
SCIT at a large Canadian Allergy clinic when limited
Canadian data is available. From these cases, we have
identified modifiable risk factors for systemic reactions
and provided suggestions for quality improvement in
future practices.

Conclusion
Our QI initiative of SCIT in a Canadian academic centre
showed an incidence rate of systemic reactions requiring
epinephrine administration of 0.24% of SCIT injections.
Several risk factors were identified, including potentially
avoidable errors that led to an increased risk for adverse
reactions. For each risk factor identified, we proposed
recommendations to improve patient safety using a QI
model. We suggest that clinicians administering SCIT
screen patients for treatment plan adherence prior to
each injection. Extra precaution should be used with
high risk patients, including highly sensitive patients and
those with multiple risk factors for adverse reactions.
When possible, these patients should have injection
visits completed in hospital. Finally, we noted that all
cases involved an adverse reaction to vial 4, containing
the highest concentration of allergen extract. Further
research into the dosing protocol and safety of high
concentration preparations is needed. Lower doses and
more gradual dose increase for the initial injections of
vial 4 may be considered in high risk patients.

Page 9 of 10

Abbreviations
SCIT: Subcutaneous immunotherapy; ACE: Angiotensin converting enzyme;
NSAID: Non-steroidal anti-inflammatory drug; CSACI: Canadian Society of
Allergy and Clinical Immunology; AAAAI: American Academy of Allergy,
Asthma, and Immunology; ACAAI: American College of Allergy, Asthma,
and Immunology; EAACI: European Academy of Allergy and Clinical
Immunology; WAO: World allergy organization; IM: Intramuscular; PO: Per os;
SC: Subcutaneous.
Acknowledgements
James Anderson, aerobiologist, for providing pollen counts. DW Moote
and Mark Kuprowski for allowing inclusion of their patients in the dataset.
Samantha Schepers, Garrett Lowry, Christina Attard, and Danielle Leduc,
Alexandra Dale, clinic nursing staff, for their help in documentation of
reactions.
Authors’ contributions
AA and JH analyzed patient data and were major contributors in writing the
manuscript. RZ and HK contributed to the writing, editing, and revising of
the manuscript. SJ oversaw the design of the quality improvement project,
interpretation of data, and contributed to the writing and revision of the
manuscript. All authors reviewed the final manuscript. All authors read and
approved the final manuscript.
Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.
Availability of data and materials
All data generated and analyzed during this quality improvement project are
included in this published article.

Declarations
Ethics approval and consent to participate
This project meets the quality assurance/improvement criteria for program
evaluation as outlined by the Western University Research Ethics Board and
therefore does not obligate research ethics board review.
Consent for publication
Not applicable.
Competing interests
Adam Aue, Joella Ho, and Rongbo Zhu have no conflicts of interest to disclose.
Harold Kim has been on the speakers bureau and/or advisory boards for ALK,
Aralez, AstraZeneca, GSK, Kaleo, Mylan, Pediapharm, Pfizer, and Stallergenes
Greer. Samira Jeimy has been on speakers bureaus for Aralez, Novartis,
AstraZeneca, and Sanofi, and on the national advisory board for Sanofi.
Author details
1
Faculty of Medicine, University of Ottawa, Ottawa, ON, Canada. 2 Schulich
School of Medicine and Dentistry, Western University, London, ON, Canada.
3
Division of Clinical Immunology and Allergy, Department of Medicine,
Western University, London, ON, Canada. 4 Department of Medicine, McMaster
University, Hamilton, ON, Canada. 5 St. Joseph’s Healthcare London, B3‑112, 268
Grosvenor Street, London, ON N6A 4V2, Canada.
Received: 25 January 2021 Accepted: 23 June 2021

References
1. Kim H, Moote W, Waserman S. Immunotherapy manual. Canadian Society
of Allergy and Clinical Immunology; 2016. https://csaci.ca/wp-content/
uploads/2017/12/IT-Manual-2016-5-July-2017-rev.pdf. Accessed 31 May
2021.
2. Cox L, Nelson H, Lockey R, Calabria C, Chacko T, Finegold I, et al. Allergen
immunotherapy: a practice parameter third update. J Allergy Clin
Immunol. 2011;127(1):S1-55.

Aue et al. Allergy Asthma Clin Immunol

3.
4.

5.
6.

7.

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

(2021) 17:65

James C, Bernstein DI. Allergen immunotherapy: an updated review of
safety. Curr Opin Allergy Clin Immunol. 2017;17(1):55.
Epstein TG, Liss GM, Berendts KM, Bernstein DI. AAAAI/ACAAI
Subcutaneous Immunotherapy Surveillance Study (2013–2017): fatalities,
infections, delayed reactions, and use of epinephrine autoinjectors. J
Allergy Clin Immunol In Pract. 2019;7(6):1996–2003.
Windom HH, Lockey RF. An update on the safety of specific
immunotherapy. Curr Opin Allergy Clin Immunol. 2008;8(6):571–6.
Burks AW, Calderon MA, Casale T, Cox L, Demoly P, Jutel M, et al.
Update on allergy immunotherapy: American academy of allergy,
asthma & immunology/European academy of allergy and clinical
immunology/PRACTALL consensus report. J Allergy Clin Immunol.
2013;131(5):1288–96.
Cox L, Larenas-Linnemann D, Lockey RF, Passalacqua G. Speaking
the same language: the World Allergy Organization subcutaneous
immunotherapy systemic reaction grading system. J Allergy Clin
Immunol. 2010;125(3):569–74.
Robertson K, Montazeri N, Shelke U, Jeimy S, Kim H. A single
centre retrospective study of systemic reactions to subcutaneous
immunotherapy. Allergy Asthma Clin Immunol. 2020;16(1):1–6.
Kim L, Nevis I, Potts R, Eeuwes C, Dominic A, Kim HL. Patients on
subcutaneous allergen immunotherapy are at risk of intramuscular
injections. Allergy Asthma Clin Immunol. 2014;10(1):22.
Amin HS, Liss GM, Bernstein DI. Evaluation of near-fatal reactions
to allergen immunotherapy injections. J Allergy Clin Immunol.
2006;117(1):169–75.
Aaronson DW, Gandhi TK. Incorrect allergy injections: allergists’
experiences and recommendations for prevention. J Allergy Clin
Immunol. 2004;113(6):1117–21.
Mustafa SS, Bingemann T, Blue H, Conn K, Hanley T, Ramsey A. Systemic
reactions to subcutaneous immunotherapy: effects of dosing and
aeroallergen content. Ann Allergy Asthma Immunol. 2019;123(3):284–7.
Golden DB, Valentine MD, Kagey-Sobotka AN, Lichtenstein LM.
Regimens of Hymenoptera venom immunotherapy. Ann Intern Med.
1980;92(5):620–4.
Golden DB. Insect sting allergy and venom immunotherapy: a model and
a mystery. J Allergy Clin Immunol. 2005;115(3):439–47.
Golden DB. Rush venom immunotherapy: ready for prime time? J Allergy
Clin Immunol In Pract. 2017;5(3):804–5.
Winslow AW, Turbyville JC, Sublett JW, Sublett JL, Pollard SJ. Comparison
of systemic reactions in rush, cluster, and standard-build aeroallergen
immunotherapy. Ann Allergy Asthma Immunol. 2016;117(5):542–5.
Bernstein JA, Kagen SL, Bernstein DI, Bernstein IL. Rapid venom
immunotherapy is safe for routine use in the treatment of patients with
Hymenoptera anaphylaxis. Ann Allergy. 1994;73(5):423–8.

Page 10 of 10

18. Birnbaum J, Charpin D, Vervloet D. Rapid Hymenoptera venom
immunotherapy: comparative safety of three protocols. Clin Exp Allergy.
1993;23(3):226–30.
19. Stock R, Fischer T, Abmus K, Zoeller N, Ackermann H, Kaufmann R, et al.
Safety and tolerability of venom immunotherapy: evaluation of 581 rushand ultra-rush induction protocols (safety of rush and ultra-rush venom
immunotherapy). World Allergy Org J. 2020;14(1):100496.
20. Bernstein DI, Epstein TE. Safety of allergen immunotherapy in
North America from 2008–2017: lessons learned from the ACAAI/
AAAAI National Surveillance Study of adverse reactions to allergen
immunotherapy. In: Allergy & asthma proceedings, vol. 41, no. 2; 2020.
21. White KM, England RW. Safety of angiotensin-converting enzyme
inhibitors while receiving venom immunotherapy. Ann Allergy Asthma
Immunol. 2008;101(4):426–30.
22. Kaplan AP, Joseph K, Silverberg M. Pathways for bradykinin formation and
inflammatory disease. J Allergy Clin Immunol. 2002;109(2):195–209.
23. Greenberg MA, Kaufman CR, Gonzalez GE, Trusewych ZP, Rosenblatt
CD, Summers RJ. Late systemic-allergic reactions to inhalant allergen
immunotherapy. J Allergy Clin Immunol. 1988;82(2):287–90.
24. Moreno C, Cuesta-Herranz J, Fernández-Távora L, Alvarez-Cuesta E, SEAIC.
Immunotherapy safety: a prospective multi-centric monitoring study of
biologically standardized therapeutic vaccines for allergic diseases. Clin
Exp Allergy. 2004;34(4):527–31.
25. Rank MA, Oslie CL, Krogman JL, Park MA, Li JT. Allergen immunotherapy
safety: characterizing systemic reactions and identifying risk factors.
Allergy Asthma Proc. 2008;29(4):400–5.
26. Arce-Ayala Y, Fasick GC, Cruz-Cruz JJ, Nazario S, Ramos-Romey CJ.
Frequency and potential risks factors for systemic reactions (srs) during
subcutaneous immunotherapy (SCIT) In a Puerto Rican Cohort. J Allergy
Clin Immunol. 2019;143(2):AB286.
27. Asero R. Detection of risk factors for systemic adverse reactions to SCIT
with natural depot allergen extracts: a retrospective study. Eur Ann
Allergy Clin Immunol. 2015;47(6):211–7.
28. Sani S, Gupta R, Fonacier L, Aquino M. Risk stratification of systemic
reactions to subcutaneous immunotherapy: a retrospective study. Allergy
Asthma Proc. 2019;40(5):338–42.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

