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Background: Although systemic reactions (SRs) to subcutaneous immunotherapy (SCIT) injections are not uncommon,
life-threatening and fatal reactions are rare. The annual incidence of injection-related SRs of varying severity is not well-defined.

Objective: To determine the annual frequencies of SCIT reactions in North America via a longitudinal surveillance program
initiated among practicing allergists in 2008.

Methods: Physicians were asked to complete a Web-based survey reporting numbers of injections administered, injection- and
skin test–related fatal reactions, and all nonfatal SRs in their clinical practices during the previous 12 months. The SR events were
classified as mild (grade 1: cutaneous or upper respiratory symptoms), moderate (grade 2: asthma with reduced lung function),
or severe (grade 3: life-threatening airway compromise or hypotension).

Results: In the initial year of the program, 806 physicians responded, representing 1,922 SCIT prescribers. No fatal reactions
to SCIT injections were identified during the first 12 months, although 6 SCIT fatal reactions were reported retrospectively
between 2001 and 2007. Eighty-two percent of practices reported 8,502 SRs to SCIT (10.2 SRs per 10,000 � 0.1% of injection
visits). Most were grade 1 (74%) or grade 2 (23%) SRs. However, 3% (n � 265) were grade 3 anaphylactic events (3 severe
reactions for every 100,000 injection visits).

Conclusions: We demonstrated the feasibility of annual surveillance of SRs associated with SCIT injections. This surveillance
study will continue to monitor SCIT adverse events in parallel with vigorous efforts instituted by members of professional
organizations aimed at reducing the risk of severe reactions.
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INTRODUCTION
Subcutaneous allergen immunotherapy (SCIT) is effective in
treating allergic rhinitis, asthma, and stinging insect (Hyme-
noptera) hypersensitivity.1–4 The benefit of SCIT, however,
has been tempered by the risk of severe systemic reactions
(SRs) and rare anaphylactic fatal reactions (FRs).5–8 Three
retrospective surveys5,9,10 conducted in North America con-
firmed 76 SCIT-related FRs occurring between 1945 and
2001. From these data, FRs have been estimated to occur in
every 2.5 million injections (or 3.4 deaths per year) and
near-fatal reactions (NFRs) after every 1 million injections
(or 4.7 NFRs per year).5,6 Twenty-six SCIT-related anaphy-
lactic deaths were reported in the United Kingdom in a

10-year period.11 Based on these retrospective surveys, a
variety of factors that contribute to SCIT FRs have been
identified, including (1) the presence of uncontrolled asthma,
(2) errors in dosing and administration of injections, (3) delay
or failure to administer epinephrine, (4) previous SCIT-re-
lated SRs, (5) an inadequate post injection waiting period,
and (6) administration of injections in suboptimal settings
(eg, at home), where rare severe anaphylactic reactions can-
not be successfully managed. Using lessons learned from
these surveys, the Joint Task Force on Practice Parameters
has published clinical practice guidelines in the second up-
date of the Allergen Immunotherapy Practice Parameter
aimed at preventing SCIT NFRs and FRs.12,13 The updated
parameters have been widely disseminated, presented, and
discussed at American College of Allergy, Asthma and Im-
munology (ACAAI) and American Academy of Allergy,
Asthma and Immunology (AAAAI) immunotherapy meet-
ings and at national meetings of these organizations.

To closely monitor the incidence of SRs and FRs associ-
ated with skin testing and SCIT in North America, the
ACAAI and AAAAI initiated an annual surveillance program
in July 2008 to track such events in the clinical practices of
physician members of both societies. This initial report sum-
marizes SCIT reactions reported during the first 12 months of
the surveillance study.

Affiliations: * Department of Medicine, Division of Immunology, Al-
lergy and Rheumatology, University of Cincinnati College of Medicine,
Cincinnati, Ohio; † Bernstein Clinical Research Center, Cincinnati, Ohio;
‡ University of Toronto, Toronto, Ontario, Canada.

Disclosures: Grant provided by ACAAI and AAAAI to Bernstein Clin-
ical Center staff for conduct of this study and to Gary M. Liss, MD for data
analysis.

Funding Sources: Funded jointly by the ACAAI and the AAAAI.
Received for publication March 11, 2010; Received in revised form April

6, 2010; Accepted for publication April 8, 2010.
© 2010 American College of Allergy, Asthma & Immunology.

Published by Elsevier Inc. All rights reserved.
doi:10.1016/j.anai.2010.04.008
530
 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



METHODS

Study Population
Physician members of the ACAAI and the AAAAI were
surveyed. The mailing lists of both societies were merged
into a master list of eligible survey respondents. For each
multimember practice, a single respondent was identified to
report the annual experience of his or her practice group with
SCIT and skin test reactions. When contacted, physicians
were asked to respond by e-mail if they were no longer
prescribing SCIT; those physicians were deleted from the list.
A final list was generated of 3,249 potential respondents,
each of whom was asked to describe the experience of all
members of his or her practice actively prescribing SCIT,
including nurse practitioners.

Study Design
To maintain the confidentiality of the respondents, all con-
tacts with physician respondents were made exclusively
through a nonphysician research coordinator. It was estab-
lished a priori that physicians overseeing this surveillance
study would not be privy to the identity of respondents. All
potential participants were contacted by e-mail, fax, or both
and were assigned a randomly generated alpha-numeric iden-
tification code to eliminate the need to enter personal or
geographic identifiers on survey forms. Respondents were
given the option of either completing surveys online at a
dedicated Website or completing and faxing back printed
forms. To optimize participation, nonresponders were con-
tacted again by e-mail or fax approximately 4 to 6 weeks after
the initial contact and, if necessary, were telephoned directly
by the study coordinator to encourage participation. Physi-

Table 1. Survey Questions

1. During the past 12 months, have any patients in your entire clinic
anaphylactic reaction(s) after an allergen immunotherapy injection
If yes, how many patients had fatal reactions in your entire practi

2. During the past 12 months, have any patients in your entire clinic
systemic reactions after allergen immunotherapy injections?
If yes, how many nonfatal systemic reactions have there been in

According to the following severity classification system, please indi
during the past 12 months (including patients of your associates)

Grade 1 ¡ Mild systemic reactions: generalized urticaria or upper
Grade 2 ¡ Moderate systemic reactions: asthma (eg, peak expira

respiratory symptoms, or abdominal symptoms (nausea, crampi
Grade 3 ¡ Severe, life-threatening anaphylaxis: severe airway co

�40%), or upper airway obstruction with stridor or hypotension

3. During the past 12 months, are you aware of a fatal anaphylactic
your community?

4. During the past 12 months, are you aware of a fatal anaphylactic
(a) in your practice?
(b) in another practice in your community?

5. During the past 12 months, how many subcutaneous allergen inje
Terminology codes 95115 and 95117 for single and multiple injec

6. Please indicate the total number of allergists and nurse practition

clinical allergy practice.
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cian respondents were asked to complete a 7-item question-
naire describing the entire experience of all SCIT prescribers
in their respective clinical practices. The surveillance ques-
tionnaire, summarized in Table 1, queried about allergic FRs
and SRs to SCIT and skin testing that had occurred in the
previous 12 months in the clinical practice of the respondent.
Physicians who completed the survey were also asked to
report any known fatal events related to SCIT or skin testing
that occurred in an outside clinical practice in their regional
area. Respondents were asked to provide the numbers of
mild, moderate, and severe nonfatal allergic SRs in their
respective practices. Mild reactions (grade 1) were defined as
generalized urticaria or upper respiratory symptoms (eg, itch-
ing of the palate and throat, sneezing). Moderate reactions
(grade 2) were defined as asthmatic symptoms accompanied
by a reduction in lung function (eg, a peak expiratory flow
rate decrease of 20%–40%) with or without generalized
urticaria, upper respiratory symptoms, or abdominal symp-
toms (nausea, cramping). Finally, severe reactions (grade 3)
were defined as life-threatening anaphylaxis with severe air-
way compromise or upper airway obstruction with stridor or
hypotension (with or without loss of consciousness).

Data Analysis
A statistical software program (SAS; SAS Institute Inc, Cary,
North Carolina) was used to compute descriptive statistics,
including the total number of injection visits for all respon-
dents and the median number of injection visits per practice.
The number of FRs in participants’ practices and in their
communities was determined based on responses to survey
items 1, 3, and 4 (Table 1). Participants who reported deaths

tice (including patients of your associates) experienced a fatal

ing the past 12 months? ____
tice (including patients of your associates) experienced nonfatal

ire clinical practice in the past 12 months? ____
e number of nonfatal systemic reactions in your entire practice

best described as:

atory symptoms (eg, itching of the palate and throat, sneezing).
w rate falls 20%–40%) with or without generalized urticaria, upper

ise due to severe bronchospasm (eg, peak expiratory flow rate falls
r without loss of consciousness).

n(s) associated with an allergen injection in another practice in

n(s) associated with allergen skin testing:

has your entire practice billed under Current Procedural
r other codes)?

o write orders for (or prescribe) immunotherapy in your entire
al prac
?
ce dur
al prac
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in the community were contacted directly by the study coor-
dinator to confirm the event and year of death.

The main analyses focused on nonfatal SRs. The total
number of SRs and the mean and median number of reactions
per practice were determined for all 806 respondents (Table
1, survey item 2). The rates of grades 1, 2, and 3 SRs per
10,000 injection visits were calculated in 746 practices with
complete injection visit and reaction grading data.

Nonfatal SRs, including respective reaction grades, were
compared among those practices reporting greater than or
equal to vs less than the mean and median number of injec-
tion visits, with and without adjustment for the number of
practitioners per practice. The 626 practices included in this
analysis provided complete data regarding the occurrence of
reactions, reaction severity grades, and the number of injec-
tion visits. Given that data were nonnormally distributed, we
used a nonparametric analysis involving events trial syntax
(modeling the proportion of “successes” with PROC GEN-
MOD in SAS) to compare the proportions of grade 1, 2, and
3 reactions among practices giving at least the median num-
ber of injections vs those giving fewer than the median.14

RESULTS
Eight hundred six practices participated, representing 1,922
physician prescribers of SCIT. We estimated that these data
reflected the annual clinical experiences of 49% of AAAAI
and ACAAI members contacted. Respondents reported a total
of 8.1 million SCIT injection visits during the previous 12
months, with a median of 4,700 injection visits per practice.
Because single and multiple injections given at each visit
could not be determined from the data provided, it is likely
that the actual number of injections exceeded 8.1 million.

Fatal Reactions
There were no direct reports of deaths attributable to SCIT
injections or allergen skin testing spanning the first year of
the surveillance study (mid-July 2008 to mid-July 2009).
Similarly, there were no indirectly reported deaths due to skin
testing or SCIT injections occurring in outside community
practices. Although respondents were not asked to provide
information regarding FRs preceding July 2008, 6 new fatal
SCIT reactions that had occurred between 2001 and 2007
were voluntarily reported. All of these events were indirect
reports and occurred in outside medical practices other than
those of the respondents. The study coordinator confirmed all
6 events and their approximate dates of occurrence by speak-
ing with the reporting physicians. Respondents were not
privy to specific details of the FRs. Thus, we estimated that
approximately 1 FR per year occurred between 2001 and
2007 since the last published retrospective AAAAI-spon-
sored survey.5

Nonfatal SRs
After SCIT injections, SRs occurred in 82% of practices (660
of 806). As seen in Table 2, 8,502 SRs were reported. In the
804 practices that reported data on reaction severity, 6,293

(74%) were mild (grade 1) reactions translating to an annual
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mean of 7.8 (median � 3.0) events per clinical practice.
Providers reported 1,944 moderately severe (grade 2) SRs,
representing 23% of SRs and corresponding to an annual
mean of 2.4 (median � 1.0) grade 2 reactions per clinical
practice (Table 2). Severe, potentially life-threatening (grade
3) anaphylactic reactions were uncommon, accounting for
3% of all SRs (265 events). It is noteworthy that 76% (613
practices) reported at least 1 grade 1 SR, 54% (436 practices)
reported at least 1 grade 2 SR, and 18% (144 practices)
reported at least 1 grade 3 SR.

Physician respondents were asked to provide the annual
number of billing codes filed for single and multiple injec-
tions. Based on these data, 8.1 million injection visits report-
edly occurred between July 1, 2008, and July 31, 2009.
Among practices that provided injection visit data (n � 748),
there were 10.2 SRs (of any severity type) per 10,000 injec-
tion visits. There were 7.6 grade 1 reactions, 2.3 grade 2
reactions, and 0.3 grade 3 reactions per 10,000 injection visits
in clinical practices that provided these data (n � 746).

In clinical practices that provided complete data regarding
the occurrence of reactions, reaction severity grades, and
number of injection visits (n � 626), the median number of
injection visits was 5,217 per practice. Clinical practices
reporting at least the median number of injections accounted
for 76% of all grade 1 SRs, 74% of all grade 2 SRs, and 72%
of all grade 3 SRs (Table 3). Because practices included
variable numbers of SCIT prescribers, we also analyzed find-
ings based on the number of practitioners per practice (Table
3). Results were similar to those based on the raw number of
practices.

We next asked if there might be a disproportionate increase
in the risk of severe reactions based on the number of injec-
tion visits relative to the increased risk of less severe reac-
tions in practices reporting higher numbers of injection visits.
In practices providing complete data (n � 626) and reporting
at least the median number of injection visits per year (5,217
visits), 75% (4,666 of 6248 events) of all reported reactions
were grade 1, 22% (1,402 of 6,248 reactions) were grade 2,
and 3% (180 of 6,248 reactions) were grade 3. In practices
with fewer than 5,217 injection visits per year, 72% (1,472 of
2,039 reactions) were grade 1, 24% (497 of 2,039 reactions)

Table 2. Severity Grade of 8,502 Total Systemic Reactions

Severity of reaction

Grade 1
Mild

Grade 2
Moderate

Grade 3
Severe

All systemic reactionsa 6,293 (74) 1,944 (23) 265 (3)
Practices experiencing event

(n � 804 practices)b
613 (76) 436 (54) 144 (18)

a The number (%) of different severity grades (of 8,502 total systemic
reactions).
b The number (%) of practices reporting at least 1 episode of a given
event (eg, �1 grade 1 reaction).
were grade 2, and 3% (70 of 2,039 reactions) were grade 3.
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actice
There were no significant differences between the propor-
tions of grade 1, 2, or 3 reactions based on the number of
injection visits (Fig 1).

DISCUSSION
The benefits of SCIT are well documented, as are the poten-
tial risks of injection-related allergic SRs and rare anaphy-
lactic FRs.5,10 Awareness of FRs with SCIT has generated
considerable discussion concerning strategies to decrease the
risk and occurrence of these events. Substantial information
gained from retrospective surveys of SCIT FRs and NFRs
have shaped practice parameters and guidelines, including the
most recently published second update of the Allergen Im-
munotherapy Practice Parameters.12,13

Based on previous retrospective surveys,5,10 the estimated
frequency of SCIT-related FRs is 1 per 2.0 to 2.5 million
injections. However, FRs associated with SCIT occurring
after 2001 have not been evaluated in North America until
this surveillance study was initiated in 2008. Although we did
not request that physicians report FRs occurring before 2008,
respondents voluntarily reported 6 new SCIT-associated FRs
known to have occurred outside their own clinical practices

Figure 1. Severity of systemic reactions based on the number of injection
visits. The relative proportions of grade 1, 2, or 3 reactions among practices
reporting more than or less than the median number (n � 5,217) of injection

Table 3. Reactions of Varying Severity Occurring in Practices/Practit

Reactions occurring in practices reporting �5,217 injection
visits (median No. of injection visits/practice), %b

76 (4

Reactions occurring in practitioners reporting �3,105 injection
visits (median No. of injection visits/practitioner), %d

68 (4

a This analysis includes practices/practitioners providing complete d
number of injection visits.
b Practices (n � 626 in this portion of the analysis) may include more
c The total number of mild reactions (the denominator) is different bet
provide the number of practitioners was excluded from the analysis
d Practitioners refers to individual prescribers (physicians or nurse pra
1,559 practitioners were included in this portion of the analysis; 1 pr
visits are shown.
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between 2001 and 2007. This translated into approximately 1
SCIT FR per year. Each of these reports was subsequently
confirmed by contacting physician respondents. Because
these were indirectly reported, we could not contact treating
physicians to obtain more specific details of FRs. It cannot be
ascertained how accurately these incidental reports reflect the
actual number of FRs occurring during that period. Neverthe-
less, it is clear that FRs had occurred between 2001 and 2008.

As already stated, there are inherent limitations in conduct-
ing retrospective surveys to monitor FRs and NFR events
occurring across multiple years. We anticipated that institu-
tion of an annual reporting system could improve relatively
low participation rates (approximately 25%) in previous ret-
rospective surveys of serious life-threatening SCIT reactions
and diminish recall bias and underreporting associated with
less frequently conducted studies.5,9,10 For these reasons, this
annual surveillance study of SCIT SRs was initiated in 2008
under the auspices of the ACAAI and the AAAAI to closely
monitor and determine annual incidences of FRs and NFRs.5,9

In contrast to previously published retrospective studies of
FRs, the aim of this surveillance project was not directed at
identifying the already well-defined risk factors associated
with life-threatening anaphylactic reactions to SCIT injec-
tions. Indirectly, we sought to determine whether greater
awareness of risk factors for FRs and NFRs and adherence to
recent recommendations aimed at reducing risk contained in
the recent Allergen Immunotherapy Practice Parameter (sec-
ond update) may have been associated with a decline in FRs
after 2007 compared with previous experience defined by the
aforementioned retrospective surveys.5,9,10 It is noteworthy
that in the first 12 months of the study, not a single fatal
reaction was reported after skin testing or a SCIT injection
either directly or indirectly by a physician responding to this
survey. Although this 1-year result is promising and suggests
that the frequency of FRs may be trending down, a longer
period of surveillance (ie, 3–5 years) is required to verify this
early finding.

The study sought to maximize responses by AAAAI and

Reporting Higher Numbers of Injection Visitsa

Severity of reaction

e 1 (Mild) Grade 2 (Moderate) Grade 3 (Severe)

,138 reactions)c 74 (1,402/1,899 reactions) 72 (180/250 reactions)

,135 reactions)c 67 (1,268/1,899 reactions) 63 (158/250 reactions)

arding number and severity grade(s) of systemic reactions and total

1 practitioner.
he first and second row of this table because 1 practice that did not
g practitioners.
rs) of subcutaneous immunotherapy (n � 625 practices representing
that did not provide the number of practitioners was excluded).
ioners

Grad

,666/6

,201/6

ata reg

than
ween t
involvin
ctitione
ACAAI members by maintaining the anonymity of the re-
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spondents, providing multiple platforms for physicians to
respond to the brief survey (ie, facsimiles, direct e-mails, and
completion of a Web-based survey), and contacting nonre-
sponders on at least 3 occasions using either direct e-mail or
telephone calls. In the first year of the study, 806 physicians
representing single-member and multimember physician
practices completed the survey and reported reaction experi-
ences among more than 1,900 SCIT prescribers, representing
approximately 49% of known SCIT prescribers. These data
represent a broader sample of practitioners than was captured
in the most recent retrospective survey of SCIT FRs and
NFRs (from 1990–2001) wherein 646 physicians reported
their individual experiences and not those of their practice
associates.

In addition to life-threatening SCIT reactions, for the first
time, to our knowledge, this study sought to collect data to
define annual incidence rates of allergic SCIT SRs of lesser
severity. To achieve this, we established a 3-grade classifi-
cation system of severity, including mild (grade 1), defined as
cutaneous or upper respiratory symptoms; moderate (grade 2)
or asthmatic responses with or without urticaria, upper respi-
ratory symptoms, or abdominal symptoms; and severe ana-
phylaxis (grade 3), defined by severe airway compromise
(severe bronchospasm or upper airway obstruction) or hypo-
tension. The grade 3 category was intended to capture severe
anaphylactic, life-threatening SCIT SRs. We used a simpli-
fied 3-grade system for classifying SRs that was intended to
be user friendly and encourage participation. Although not all
reactions may fit precisely into any one of these categories,
respondents did not express broad concerns about this clas-
sification system.15 A more detailed grading system for aller-
gic SRs to SCIT injections has been developed by members
of the World Allergy Organization and is likely to be used in
this and other SCIT surveillance questionnaires.16

The first year’s data established that injection-related non-
fatal SRs are not uncommon (0.1% of injection visits) and
occurred in 82% of practices. The overall SR rate of 0.1% of
injection visits is consistent with frequencies of 0.06% to
0.23% SRs per number of injections reported in other long-
term SCIT safety studies.17–20 Most SRs (74%) were of mild
severity (grade 1). Moderate (grade 2) reactions were less
common, representing 23% of all reported SRs, but occurred
in most clinical practices. Severe anaphylactic (grade 3) re-
actions, although responsible for only 3% of SRs, were re-
ported to have occurred in 18% of practices during the first
year of this survey. This translated into 1 life-threatening SR
in every 300,000 injection visits, which is 3-fold more fre-
quent than what was reported in the most recent AAAAI
survey of SCIT NFRs.6 The higher severe reaction rate iden-
tified in the present study may be attributed to a more ag-
gressive approach to soliciting participation of all potential
respondents via multiple contact attempts and by ensuring the
confidentiality of the respondents. In addition, the incidence
data in this study may be more reflective of practicing aller-
gists compared with the last NFR 12-year retrospective sur-

vey,6 which likely had selection and recall bias.
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We also observed that more than 70% of SRs of all severity
grades occurred in clinical practices reporting at least the
median of 5,217 injection visits per year. Although we con-
sidered other explanations, further analysis demonstrated that
the proportions of all 3 grades of reactions were not signifi-
cantly different in clinics reporting at least 5,217 injection
encounters and clinics with fewer than 5,217 injection en-
counters. This finding suggests that practices administering
more injections have a greater probability of experiencing
mild, moderate, and severe SRs. The increased incidence of
severe reactions in practices giving more injections is pro-
portionate to the increase for other types of reactions. We are,
nonetheless, curious to know whether differences exist in risk
management procedures aimed at preventing SCIT reactions
in clinics reporting the most severe (grade 3) SRs. To address
this question, a case-control study is currently under way
comparing standard procedures related to SCIT administra-
tion used in clinics reporting grade 3 SRs compared with
those reporting only grade 1 (mild) SRs. Examples of SCIT-
related procedures being assessed include allergenic potency
of treatment extracts, dose adjustment during the pollen sea-
son, and pre-injection screening for changes in asthma con-
trol.

In conclusion, we demonstrated the feasibility of conduct-
ing annual surveillance of FRs associated with SCIT injec-
tions in physician members of 2 medical subspecialty soci-
eties (the ACAAI and the AAAAI). No new FR events
related to SCIT or skin testing have been identified during the
first 12 months of this surveillance study. Nonfatal SRs are a
common occurrence in allergy clinics that administer SCIT
injections, but most are mild (ie, grade 1). In the future, this
surveillance study will continue to annually track FRs, and
the scope of the survey will be expanded to assess the annual
incidence of late reactions, administration and timing of epi-
nephrine use for mild SRs, and risk factors for serious ana-
phylactic (grade 3) reactions.
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