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Background: Incidences of subcutaneous immunotherapy (SCIT) related systemic reactions (SRs) and fatal reactions (FRs)
are not well defined, nor are delayed-onset SRs and their treatment.

Objectives: To estimate SCIT-related SRs/FRs, and the incidence and treatment of delayed-onset SRs.
Methods: In 2008 and 2009, American Academy of Allergy, Asthma & Immunology (AAAAI) and American College of

Allergy Asthma & Immunology (ACAAI) members completed a survey about SCIT-related SR severity (grade 1 � mild; grade
2 � moderate; grade 3 � severe anaphylaxis). In 2009, members reported the time of onset and use of epinephrine (EPI), with
early onset defined as beginning �30 minutes, and delayed onset beginning more than 30 minutes after injections.

Results: As in year 1, no FRs were reported during year 2 (630 total practices responded). Among 267 practices providing
data on the timing of SRs, 1,816 early-onset SRs (86%) and 289 (14%) delayed-onset SRs were reported. Fifteen percent
(226/1,519) of grade 1, 10% (54/538) of grade 2, and 12.5% (9/72) of grade 3 SRs were delayed-onset. Among early-onset SRs,
EPI was given for 71% of grade 1, 93% of grade 2, and 94% of grade 3s. Among delayed-onset SRs, EPI was given for 56%
of grade 1, 67% of grade 2, and 100% of grade 3s (P � .0008 for difference in EPI administration based on severity; P � .07
based on time of onset).

Conclusions: Delayed-onset SRs are less frequent than previously reported. Epinephrine was given less frequently for grades
1 and 2 (but not grade 3) delayed-onset SRs compared with early-onset SRs. Further study of prescribing self-injectable EPI for
SCIT patients in the event of delayed-onset SRs may be warranted.

Ann Allergy Asthma Immunol. 2011;xx:xxx.

INTRODUCTION
Subcutaneous allergen immunotherapy (SCIT) is effective in
treating allergic rhinitis and asthma and in preventing sting-
ing insect anaphylaxis. The benefits of SCIT have been
tempered by the rare occurrence of near-fatal and fatal reac-
tions (FRs) after injections.1�6 Based on retrospective surveys
of members of the American Academy of Allergy Asthma
and Immunology (AAAAI) conducted before 2002, a fatal
anaphylactic reaction to SCIT was estimated to occur in every
2 to 2.5 million injections, or 3.4 SCIT-related deaths per

year. Near-fatal reactions to SCIT, which were previously
defined as severe respiratory compromise or hypotension,
occurred after every 1 million injections (4.7 near-fatal reac-
tions per year).7, 8 In 2008, a web-based surveillance program
was initiated among members of the American College of
Allergy, Asthma and Immunology (ACAAI) and AAAAI to
monitor annual incidences of FRs related to allergen skin
testing and SCIT as well as nonfatal systemic reactions (SRs)
to SCIT.9

Before launching this surveillance program in 2008, 6
SCIT fatalities were retrospectively reported that transpired
between 2001 and 2007 and since the last published AAAAI
retrospective survey of FRs occurring from 1990 to 2001.9 No
new FRs were directly or indirectly reported during the first
year of this surveillance program (July 2008–2009), which
represented SR reports from an estimated 49% of ACAAI and
AAAAI members.9 In year 1, 8,502 SRs were reported, with
82% of practices experiencing at least 1 SR. Most were mild
grade 1 SRs (74%), 23% were moderate (grade 2) SRs, and
3% were severe anaphylactic (grade 3) SRs.9

Previous retrospective and small prospective studies have
provided estimates of the frequency of delayed-onset (begin-
ning after 30 minutes) SRs in different clinic practices rang-
ing between 27% and 50%.2,4,6,10�12 The national prevalence
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of delayed-onset SRs to SCIT injections and treatment of
these have not been systematically evaluated across practices
of board-certified allergists. In addition, the administration of
epinephrine for early and delayed-onset SRs of varying se-
verity has not been well studied.6,10 Therefore, during the
second year of this surveillance project, we collected data
regarding the time of onset of SRs of varying severity and the
frequency of epinephrine (EPI) treatment.

METHODS

Study Population
Physician members of the ACAAI and AAAAI (3,919 po-
tential respondents) were surveyed during year 2, using pre-
viously described methods.9 For multimember practices, a
single respondent was identified to report the annual experi-
ence of his or her practice. Potential respondents were con-
tacted by a nonphysician research coordinator and given the
option of either completing surveys online at a dedicated
website or completing and faxing back printed forms. Prac-
tice responses were confidential and were de-identified be-
fore data analysis. Multiple attempts were made to encourage
initial nonresponders to reply, including contact by telephone,
e-mail, or fax 4 to 6 weeks after the initial contact.9

Study Design
Physician respondents were asked to complete a 7-item ques-
tionnaire describing the entire experience of all SCIT pre-
scribers in their clinical practices (eTable 1).9 Respondents
were queried about FRs and SRs to SCIT and skin testing that
had occurred in the previous 12 months in their clinical
practice as well as in other clinical practices in their regional
area. They were also asked to provide the numbers of mild,
moderate, and severe nonfatal allergic SRs in their respective
practices. Mild reactions (grade 1) were defined as general-
ized urticaria or upper respiratory symptoms (eg, itching of
the palate and throat, sneezing). Moderate reactions (grade 2)
were defined as asthmatic symptoms accompanied by a re-
duction in lung function (eg, a peak expiratory flow rate
[PEFR] decrease of 20%–40%) with or without generalized
urticaria, upper respiratory symptoms, or abdominal symp-
toms (nausea, cramping). Severe reactions (grade 3) were
defined as life-threatening anaphylaxis with severe airway
compromise (eg, PEFR decreases of more than 40%) or upper
airway obstruction with stridor or hypotension (with or with-
out loss of consciousness). These severity definitions were
intended to provide guidance to respondents in terms of
ranges of PEFR to retrospectively estimate and differentiate
moderate and severe obstruction occurring during grades 2
and 3 systemic reactions, respectively. Because PEFR ranges
appeared in parentheses, these were not intended nor inferred
to be a requisite part of the definitions. Additional questions
regarding the time of onset of SRs (in 10-minute increments)
and treatment with EPI (yes/no) were included in the year 2
survey (eTable 1).9 The nonphysician research coordinator

contacted participants reporting delayed-onset, severe grade 3 t

2

Rs regarding clinical manifestations, treatment, and out-
omes of these events.

ata Analysis
statistical software program (SAS; SAS Institute Inc, Cary,
orth Carolina) was used to compute descriptive statistics

egarding reaction rates and the number of injection visits for
ear 2, using the same methods as for year 1.9 Similar
ethods were used to calculate means, standard deviations,

nd median numbers of early-onset (�30 minutes) and de-
ayed-onset (�30 minutes) SRs. Figures for the number of
ractices experiencing SRs, number of SRs, and number of
Rs per practice were calculated. The number and percentage
f patients receiving EPI for reactions of varying severity and
ime of onset were also determined. Categorical data analysis
sing a log-linear model (proc catmod in SAS) was used to
valuate relationships between the time of onset and severity
f SRs and EPI administration.13

ESULTS
n year 2 of the survey, 630 practices participated, represent-
ng 1,453 practitioners. Respondents reported a total of 5.6
illion injection visits, with a median of 5,261 injection visits

er practice. Because single and multiple injections given at
ach visit could not be differentiated, the actual number of
njections may be over 10 million, assuming that 2 injections
ere given per visit on average.

atal Reactions
o direct reports were made of deaths attributable to SCIT

njections or allergen skin testing in the first 2 years of the
urveillance study (July 1, 2008 to July 31, 2010). No indi-
ectly reported deaths due to skin testing or SCIT injections
ccurred between 2008 and 2010 in community practices
utside those of the respondents. As published previously, 6
onfirmed fatalities related to SCIT were indirectly reported
etween 2001 and 2007.9

onfatal SRs
n year 2, SRs occurred in 85% of practices (447 of 528
roviding data on total SRs) after SCIT injections. In the 445
ractices that reported data on SR severity, 5,392 SRs oc-
urred. These included 3,720 mild SRs (grade 1), translating
o an annual mean of 7.6 mild SRs per clinical practice.
hysician respondents reported 1,476 moderately severe
grade 2) SRs, representing 27% of all SRs and correspond-
ng to an annual mean of 3.0 grade 2 SRs per clinical practice.
evere, potentially life-threatening (grade 3) anaphylactic
eactions accounted for 3.6% of all SRs (196 events, for an
nnual mean of 0.4 severe SRs per practice). As indicated in
able 1, these reaction rates were similar to those reported in
ear 1 of the survey.9 Similar to year 1, among practices
roviding data on SRs, 79% (415/528) reported at least 1
rade 1 SR, 56% (295/528 ) reported at least 1 grade 2, and
7% (91/528) of respondents reported at least 1 grade 3 SR.9

mong practices who provided reaction severity grades and

he number of injection visits, there were 9.7 total SRs,
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including 6.7 grade 1 SRs, 2.7 grade 2 SRs, and 0.4 grade 3
SRs per 10,000 injection visits. As shown in Table 2, these
data were also similar to year 1 survey results.9

Delayed-Onset SRs to SCIT
Given interest in the time of onset of SCIT reactions, iden-
tification of an optimal postinjection observation period, and
the prevalence and severity of delayed-onset SRs (ie, begin-
ning more than 30 minutes after an injection), questions
regarding delayed-onset SRs were added to the year 2 survey
(see Methods). Results can be found in Table 3. In the 267
practices responding to this portion of the survey, 226 de-
layed-onset SRs occurred in 78 practices; 54 were grade 2
SRs, and 9 were grade 3 SRs. The 267 practices providing
complete data reported, on average, 1.0 grade 1 delayed-onset
SRs, 0.3 grade 2 delayed-onset SRs, and 0.05 grade 3 de-
layed-onset SRs over the course of 1 year. Overall, 14% of all
SRs began more than 30 minutes after SCIT injections.
Notably, 10% of grade 2 SRs and 12.5% of grade 3 SRs
began after more than 30 minutes.

Questions regarding the administration of EPI for reactions
of varying severity and timing of onset were also included in

Table 1. Number and Type of Systemic Reactions (SRs) between Jul

(7

Total number of practicesa

Total number of SRs
Total SRs per practiceb

Grade 1 (Mild) SRs
No. practices experiencing SRs
No. SRs
SRs per practiceb

Grade 2 (Moderate) SRs
No. practices experiencing SRs
No. SRs
SRs per practiceb

Grade 3 (Severe) SRs
No. practices experiencing SRs
No. SRs
SRs per practiceb

a The total number of practices providing complete data regarding S
b Mean � standard deviation; values in parentheses represent the m

Table 2. Systemic Reactions (SRs) per 10,000 Injection Visitsa

between July 2008 and 2010

Year 1
(7/1/2008–
7/31/2009)

Year 2
(8/1/2009–
7/31/2010)

Any type of SR 10.2 9.7
Grade 1 (mild SRs) 7.6 6.7
Grade 2 (moderate SRs) 2.3 2.7
Grade 3 (severe SRs) 0.3 0.4

a N � 626 practices in year 1 and 402 practices in year 2 providing

complete data on the number of injection visits and severity of SRs. m
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he year 2 survey. These results are summarized in Figure 1.
PI was administered for 71% of early-onset grade 1 SRs. In
ontrast, only 56% of patients experiencing grade 1 delayed-
nset SRs received EPI. A much higher percentage of pa-
ients experiencing grade 2 early-onset SRs (93%) received
PI compared with grade 2 delayed-onset reactors (67%).
arly-onset grade 2 reactors were also more likely to receive
PI than early or delayed-onset grade 1 reactors. Adminis-

ration for grade 3 anaphylactic reactions was high regardless
f the timing of the reaction; EPI was given for 94% of
arly-onset grade 3 SRs and 100% of delayed-onset grade 3

–2010

ear 1
8–7/31/2009)

Year 2
(8/1/2009–7/31/2010)

806 630
,502 5,392
26.0 (4.0) 10.9 � 23.3 (5.0)

613 416
,293 3,720
20.5 (3.0) 7.6 � 15.5 (3.0)

436 296
,944 1,476
6.7 (1.0) 3.0 � 8.3 (1.0)

144 91
265 196
1.0 (0) 0.4 � 1.2 (0)

rity was 804 in Year 1 and 445 in Year 2.
number of SRs per practice.

able 3. Timing of Systemic Reactions (SRs) in Year 2 (August 1,
009 to July 31, 2010)

<30 minutes >30 minutes

Any type of SR (%)a 1,816 (86%) 289 (14%)
Grade 1 (mild) SRs

No. practices experiencing
SRs

189 78

No. SRs (%) 1,293 (85%) 226 (15%)
SRs per practiceb 5.9 � 9.8 (3.0) 1.0 � 2.2 (0)

Grade 2 (Moderate) SRs
No. practices experiencing
SRs

127 29

No. SRs (%) 484 (90%) 54 (10%)
SRs per practiceb 2.4 � 4.9 (1.0) 0.3 � 1.0 (0)

Grade 3 (Severe) SRs
No. practices experiencing
SRs

39 7

No. SRs (%) 63 (87.5%) 9 (12.5%)
SRs per practiceb 0.4 � 0.8 (0) 0.05 � 0.3 (0)

Data regarding time of onset and SR severity were available for 267
ractices.
Mean � standard deviation; values in parentheses represent the
y 2008

Y
/1/200

8
10.5 �

6
7.8 �

1
2.4 �

0.3 �

R seve
edian number of SRs per practice.
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SRs. Categorical data analysis (see Methods) revealed that
EPI was administered significantly more often for SRs of
increasing severity (P � 0.0008). A trend toward increased
frequency of EPI administration for early versus delayed-
onset SRs was seen (P � .07).

Clinical details of grade 3 delayed-onset SRs obtained
from 5 of 7 practices providing detailed information are listed
in Table 4. The 7 practices with grade 3 delayed-onset SRs
reported fewer SRs overall (mean, 6.7 � 5.3 [median � 5.0])
than practices not experiencing these reactions. These 7 prac-
tices reported more than twice the number of early-onset
grade 3 SRs (mean, 0.9 � 1.2 [median � 0]) when compared
with practices that did not report grade 3 delayed-onset SRs,
however. They also reported 3 times the average number of
injection visits when compared with practices not reporting
grade 3 delayed-onset SRs (mean injection visits for practices

Figure 1. Administration of epinephrine (EPI) in early versus delayed-on
after injection; Delayed-onset SRs are those occurring at � 30 minutes. Gr1
and EPI use were available for 219 practices. For early-onset SRs, EPI was g
delayed-onset SRs, EPI was given for 126/226 grade 1 SRs, 36/54 grade 2
severity. **P � .07 for the difference in EPI use based on the time of onse

Table 4. Treatment and Outcome of Grade 3 Systemic Reactions (SR

Patient A B

Previous SRs? None None
Location of EPI

administration?
Self-administered;

multiple
subsequent
doses in
allergist’s office

Returned to
allergist’s
office

SR involved
Hypotension?

Unknown Yes

ER visit? Yes No
Previously trained on

self-administration
of epinephrine?

Yes Yes, (but did n
self-adminis
Abbreviations: EPI, epinephrine; ER, emergency Room.

4

xperiencing grade 3 delayed-onset SRs � 16,308 � 16,673
median � 10,210]). In 8 of 9 patients experiencing grade 3
elayed-onset SRs, reactions began within 60 minutes of
eceiving an injection. Among the 5 patients for whom com-
lete details were available (Table 4), none had experienced
revious SRs. At least 2 patients experienced hypotension
elated to these events. All patients ultimately received EPI,
ith 2 patients self-administering EPI before seeking medical

are. Two patients did not self-administer EPI despite previ-
us instruction on use. Although 4 out of 5 grade 3 delayed-
nset SRs began after patients left the SCIT provider’s office,
patients returned to receive EPI in their SCIT provider’s

ffice. Three patients eventually received emergency room
reatment, with 1 patient receiving EPI in the emergency
oom. None required overnight hospital admission. Various
ther treatments including antihistamines and systemic ste-

emic reactions (SRs). Early-onset SRs are those occurring at �30 minutes
de 1; Gr 2 � grade 2; Gr3 � grade 3. Data regarding timing, SR severity,
r 912/1,293 grade 1 SRs, 450/484 grade 2 SRs, and 59/63 grade 3 SRs. For
d 9/9 grade 3 SRs. *P � .0008 for the difference in EPI use based on SR
reaction.

urring after 30 Minutes

C D E

None None None
ER Returned to

allergist’s
office

Self-administered
at girlfriend’s
house

Yes No Unknown

Yes No Yes
Yes, (but did not

self-administer)
No Yes
set syst
� gra

iven fo
SRs, an
s) Occ

ot
ter)
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roids were given. Two patients discontinued immunotherapy
after the event, and 3 continued after dose adjustments were
made.

DISCUSSION
The appropriate use of SCIT is sometimes limited by the risk
of injection-related allergic SRs and rare anaphylactic FRs.7�9

Evidence-based clinical guidelines designed to minimize the
risk of injection-related adverse outcomes were published in
North America in 2003 and updated in 2007 and 2011.14�16 In
2008, the ACAAI and AAAAI collaborated in establishing a
national surveillance database for adverse reactions to SCIT
and allergen skin testing.9 Although 6 fatalities from SCIT
were documented between 2001 and 2007, no FRs have been
directly or indirectly reported during the first 2 years of the
surveillance project (2008–2010). A longer period of surveil-
lance (ie, 3–5 years) will be required to confirm that annual
FRs are indeed declining in comparison with previous esti-
mates.1,5,7,8

Unlike previous fatality surveys, the ACAAI and AAAAI
surveillance study is unique in capturing annual incidence
data of SRs of lesser severity. The recently developed World
Allergy Organization classification system for anaphylaxis
severity will also be incorporated in the future.17 The inci-
dence data in this study are likely to be more reflective of the
collective experience of practicing allergists across the coun-
try compared with data from previous retrospective surveys,
which suffered from greater selection and recall bias.8 The
percentage of practices reporting any SRs was 82% in the
first year and 85% in the second year of surveillance. Reac-
tion rates in all severity categories were also very similar for
the first 2 years of the study, indicating that data gathered are
likely an accurate reflection of reaction rates, despite a de-
cline in participation in year 2.

The incidence of SRs beginning more than 30 minutes
after injection was 14% in this report. This figure is much
lower than that found in studies reporting retrospective
data from single practices.10 Although further monitoring
may be warranted, findings from this prospective national
surveillance study may be more accurate than previous
reports, for reasons cited.2,4,6,10�12 In addition, although
severe late-onset SRs appear to be relatively rare events,
they do occur, and each practice should have a plan in
place to manage such events.16

Although 33% of patients experiencing delayed-onset
grade 2 SRs did not receive EPI, it is encouraging that all
those who experienced grade 3 anaphylaxis after leaving their
SCIT prescriber’s office eventually received EPI and recov-
ered with minimal sequelae. Notably, among patients expe-
riencing severe delayed-onset SRs for whom complete reac-
tion details were available, none had ever had an SR in the
past. Although most of these patients had been prescribed
self-injectable EPI, only half self-administered the drug be-
fore seeking medical care. This finding highlights the need

for practicing allergists to consider patient education and i

VOLUME xx, MONTH, 2011
ction plans for managing rare delayed-onset SRs among
CIT patients.16 Patients should be educated on the possible
igns and symptoms of a systemic reaction, counseled on
ppropriate treatment, and instructed to contact their SCIT
rovider or seek emergency medical attention should a de-
ayed-onset SR occur.16 We recently reported that practices
xperiencing grade 3 SRs were more likely to prescribe
elf-injectable EPI than those only experiencing grade 1
Rs.18 This may reflect an effort by practices to minimize
isks based on prior experience with severe SRs. In the 3rd

pdate of the Allergen Immunotherapy Practice Parameter,
n expert panel stated that “the decision to prescribe epineph-
ine auto-injectors to patients receiving immunotherapy
hould be at the physician’s discretion.”16 We believe that
urther studies examining the risk–benefit ratio and cost-
ffectiveness of prescribing self-injectable EPI to patients on
CIT are warranted.
Respondents only administered EPI in 71% of grade 1 SRs

ccurring within the traditional waiting period of 30 minutes.
lthough the specific reasons for withholding EPI are uncer-

ain, no fatalities apparently occurred as a result of this
ractice. Controversy exists over the use of EPI for treating
ild SRs absent manifestations consistent with the currently

ccepted definition of anaphylaxis (involvement of at least 2
rgan systems or hypotension).7,16,19�23 Very few reports have
een made of serious adverse outcomes when EPI is dosed
ppropriately in patients without contraindications to receiv-
ng the drug.16,21,22,24 Undue concern likely has arisen over
dverse outcomes, including death from EPI toxicity, with
nappropriate administration to patients misdiagnosed with
naphylaxis.22,24 For this reason, and the belief that mild
utaneous symptoms rarely progress to anaphylaxis, a Euro-
ean panel of experts recently recommended withholding EPI
or cutaneous symptoms alone until a given reaction satisfies
he generally accepted definition of anaphylaxis.20 Further
tudy may be warranted to clarify this issue.

In summary, adverse reactions to SCIT have remained
table for the last 2 years, with no reported fatalities. Al-
hough severe SCIT reactions beginning more than 30 min-
tes after injection do occur, the incidence of delayed-onset
eactions of all severity levels may be lower than previously
eported. For grade 1 SRs, EPI was not administered in
pproximately one third of early-onset grade 1 SRs, and
lmost half of delayed-onset grade 1 SRs. Almost one third of
atients experiencing delayed-onset, moderate grade 2 SRs
lso did not receive EPI. Further study is warranted regarding
he risk–benefit ratio and cost-effectiveness of EPI adminis-
ration for grade 1 SRs, as well as determining which patients
eceiving SCIT should receive instructions on self-adminis-
ration of emergency EPI.

UPPLEMENTARY DATA
upplementary data associated with this article can be found,
n the online version, at doi.10.1016/j.anai.2011.05.020.
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eTable 1, Survey Questions in Year 2 (August 1, 2009–
July 31, 2010)

1. During the past 12 months, have any patients in your
entire clinical practice (including patients of your associ-
ates) experienced a fatal anaphylactic reaction(s) after an
allergen immunotherapy injection?

2. During the past 12 months, have any patients in your
entire clinical practice (including patients of your associ-
ates) experienced systemic reactions after allergen immu-
notherapy injections?
If yes, how many nonfatal systemic reactions have there

been in the entire clinical practice in the past 12 months?
According to the severity classification system detailed

below, please indicate the number of grades 1, 2, and 3
nonfatal systemic reactions in your entire practice during the
past 12 months (including patients of your associates) that
occurred at:

0–10 minutes after injection
11–30 minutes after injection
31–60 minutes after injection
More than 60 minutes after injection

Severity classification system:
Grade 1 ¡ Mild systemic reactions: generalized urticaria or
upper respiratory symptoms (itching of the palate and throat,
sneezing)
VOLUME xx, MONTH, 2011
rade 2 ¡ Moderate systemic reactions: asthma (eg, peak
xpiratory flow rate falls 20–40%) with or without general-
zed urticaria, upper respiratory symptoms, or abdominal
ymptoms (nausea, cramping)
rade 3 ¡ Severe, life-threatening anaphylaxis: severe air-
ay compromise due to severe bronchospasm (eg, peak ex-
iratory flow rate falls �40%), or upper airway obstruction
ith stridor or hypotension (with or without loss of

onsciousness)

Please indicate the number of grades 1, 2, and 3 reactions
or which epinephrine was given. Also indicate the time of
nset of reactions for which epinephrine was given.
. During the past 12 months, are you aware of a fatal

anaphylactic reaction(s) associated with an allergen injec-
tion in another practice in your community?

. During the past 12 months, are you aware of a fatal
anaphylactic reaction(s) associated with allergen skin test-
ing in your practice? Or in another practice in your com-
munity?

. During the past 12 months, how many subcutaneous al-
lergen injections has your entire practice billed under
Current Procedural Terminology Codes 95115 and 95117
for single and multiple injections (or other codes)?

. Please indicate the total number of allergists and nurse
practitioners who write orders for (or prescribe) immuno-
therapy in your entire clinical allergy practice.
6.e1
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