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In the past 4 decades, the incidence of atopic disorders has expanded in
developed countries [1,2]. Subcutaneous immunotherapy (IT) with aeroal-
lergen extracts has been a venerable treatment modality for nearly 100 years
[3,4]. Controlled clinical studies have confirmed the efficacy of IT in reduc-
ing symptoms and medication requirements in patients with allergic rhinitis
(AR) caused by seasonal pollens and standardized house dust mite extract
(HDM) [5,6]. Placebo-controlled trials have also established the efficacy of
subcutaneous IT in treating allergic asthma associated with exposure to
grass pollen, cat, and house dust mite allergen [7]. The unequivocal effective-
ness of subcutaneous IT with purified venoms in prevention of insect sting
anaphylaxis has been demonstrated in patients with anaphylactic sensitivity
to Hymenoptera venoms [8–10].

As with any treatment, anticipated benefits attributed to IT must be
weighed against its potential risks. It is clear that the major risk associated
with IT with commercial aeroallergen extracts is the uncommon occurrence
of severe near-fatal or fatal anaphylaxis after injections.

The major objectives of this article are to (1) review the reported inci-
dences of severe anaphylaxis (near-fatal reactions [NFRs] and fatal reac-
tions [FRs]), (2) define factors contributing to these events, and (3)
identify preventive measures that are likely to reduce or eliminate future fa-
tal and near-fatal anaphylactic events.

Historical background

In 1910, Noon was the first to develop IT in England with pollen extracts
administered subcutaneously [3]. In 1916, Cooke and Vander Veer [11]
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reported their experience in treating 621 patients, and they identified a 3.5%
overall incidence of systemic reactions to subcutaneous grass pollen injec-
tions. Six years later, Cooke [12] reported the first known death of a
3-year-old asthmatic child during intracutaneous skin testing. In 1919,
Boughton [13] reported fatal anaphylaxis in a 29-year-old asthmatic patient
during attempted intravenous desensitization with horse serum. The two lat-
ter cases were cited in Lamson’s 1924 account [14] of another fatality imme-
diately after application of multiple intracutaneous skin tests with oat, milk,
rice, and egg in a 5-month-old child with eczema. Aggressive resuscitative
measures, including epinephrine and atropine, were of no avail. In a 1932
report of 9 patients who succumbed to fatal anaphylactic shock from vari-
ous agents, 1 was a 40-year-old ‘‘hay fever’’ patient who died from anaphy-
laxis after receiving a subcutaneous ragweed extract injection, failing to
respond to epinephrine [15].

In 1957, Van Arsdel and Sherman [16] published a larger 20-year survey
of systemic allergic reactions (1933–1953) associated with intracutaneous
testing and IT in 8706 allergy clinic patients treated at Roosevelt Hospital
in New York City. They reported the occurrence of one (0.1%) constitu-
tional reaction per 700 injections in 663 patients (7% incidence). It was note-
worthy that only 114 (0.01%) injections resulted in systemic reactions of
sufficient severity to warrant epinephrine administration and that only six
(0.0005%) reactions led to shock. No fatal events occurred. In a review of
systemic anaphylaxis published in 1964, James and Austen [17] reported
a delayed FR in a 56-year-old man undergoing ‘‘hayfever desensitization’’
manifested initially by dyspnea 45 minutes after an injection.

In 1986, the Committee on the Safety of Medicines (CSM) in the United
Kingdom reported details of 26 IT-related deaths that had occurred between
1957 and 1986 resulting from anaphylaxis or bronchospasm after adminis-
tration of allergen injections. All fatal reactors were receiving IT for allergic
asthma, and it seemed that asthmatic patients were at greatest risk for FRs
[18]. This initial report resulted in a mandated 2-hour postinjection waiting
period for patients receiving IT, which practically eliminated the use of this
modality in the United Kingdom for years until a 1-hour standard was
adopted [19].

Incidence of systemic, fatal, and near-fatal immunotherapy reactions

Because of manufacturing differences in allergen extracts, it is difficult to
compare incidence data in Europe and North America with regard to IT-re-
lated anaphylactic reactions. Currently, nearly all products used in Europe
are aluminum absorbed or modified, whereas pure aqueous extracts are used
exclusively in the United States. Severe and potentially life-threatening reac-
tions represent a small percentage of all injection-related systemic allergic re-
actions. One clinic in the United Kingdom reported that 0.2% of 919
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injections with alum-absorbed grass pollen extract resulted in severe sys-
temic reactions compared with 2% that led to mild systemic reactions (hives,
rhinitis, and mild wheeze) [20]. In the United States, Greenberg and col-
leagues [21] reported systemic reactions in 7% of patients receiving IT
with mixed allergen extracts and an injection reaction rate of 0.25%.
Ewan and colleagues [22] evaluated systemic reactions in patients receiving
injections with aqueous Dermatophagoides pteronyssinus in a clinical trial us-
ing a rapid build-up protocol and reported an injection reaction rate of
23%, although only 8% of these reactions were serious and required epi-
nephrine. Bousquet and colleagues [23] assessed systemic reactions in a pro-
spective study of 125 patients receiving IT with house dust mite extract
(D pteronyssinus). Systemic reactions were reported in 47 (38%) of patients
during the rush protocol, of whom 4 experienced mild urticaria, 35 had
asthma exacerbations, and 8 experienced anaphylactic shock. No reactions
occurred later than 45 minutes after the last injection. Based on the afore-
mentioned studies, rush or cluster dosing regimens seem to be associated
with increased systemic reaction rates compared with conventional and
slower induction protocols [24].

FRs associated with IT injections have appropriately received much at-
tention and scrutiny. During the past 20 years, the Immunotherapy
Committee of the American Academy of Allergy, Asthma, and Clinical
Immunology (AAAAI) has sponsored a series of retrospective surveys of fa-
talities associated with allergen injections and skin testing. In the first survey
reported in 1987, Lockey and colleagues [25] summarized information
obtained from responses to long questionnaires provided voluntarily by
physicians who had experienced IT and skin test FRs in their clinics or
were aware of others in their region. These investigators estimated that 1
FR occurred in every 2.8 million injections based on an estimated 47 million
annual doses of IT administered in the United States. In a follow-up survey
of fatal events between 1985 and 1989, Reid and colleagues [26] identified
a similar rate of 1 FR per 2 million injections based on 33 million adminis-
tered doses, or an incidence of four cases per year. In the most recent
AAAAI physician survey of FRs of events from 1990 through 2001, Bern-
stein and colleagues [27] identified 41 confirmed FRs, which translated to
an annual case incidence of 3.4 deaths per year and 1 fatal event in
2.5 million injections. The methods used in the latest survey differed from
those of the two former studies in that a brief survey was initially sent to
all physician members of the AAAAI, resulting in 646 respondents, or
27% of 2404 physicians contacted [27]. Physicians were queried about
NFRs and FRs in their clinic or other practices in their geographic regions
and were asked to estimate annual allergen injections administered based on
billing codes during the preceding 1 and 3 years. These data allowed direct
estimation of FR and NFR rates relative to the number of injections admin-
istered. Despite the fact that the initial two AAAAI surveys used a different
data source to estimate injection numbers, actual estimated fatal injection
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reaction rates in all AAAAI surveys seem to remain consistent over time
(approximately 1 case in 2,000,000) [25–27].

NFRs were evaluated in the most recent AAAAI survey spanning 1990
through 2001. NFRs were defined as anaphylactic events involving signs
of cardiovascular collapse or severe bronchospasm necessitating epinephrine
administration [28], equivalent to grade IV anaphylactic events [29]. The in-
jection reaction rate was estimated at 1.0 event per 1 million injections on
the basis of confirmed NFRs (68 cases) [28], and this rate was approximately
2.5 times greater than that for confirmed FRs. Based on all 273 confirmed
and unconfirmed events reported by 646 respondents in the brief survey,
however, 5.4 near-fatal events were estimated per every 1 million injections.
The average incidence of confirmed NFRs was 4.7 events per year and 23
cases per year for all reported NFRs (confirmed and unconfirmed). In a sep-
arate prospective survey conducted in North America, 20 grade IV anaphy-
lactic events manifested by hypotension and respiratory symptoms occurred
in every 1 million aqueous IT injections administered in a large allergy clinic
population [30]. In an Italian survey of AR and asthmatic patients on stan-
dardized HDM, tree and grass pollen IT with alum-absorbed extracts,
a grade IV anaphylactic reaction rate of 82 per 1 million injections was
documented [31]. Thus, in this study, use of alum-absorbed extracts did
not seem to diminish the risk of severe IT-related anaphylaxis.

Clinical manifestations

Severe anaphylaxis is characterized by bronchospasm, respiratory failure,
or hemodynamic compromise manifested by profound hypotension and car-
diovascular shock. In the most recent AAAAI surveys of fatal (2004) and
near-fatal IT reactions (2006), hypotension was reported by 81% and
88% of respondents, respectively [27,28]. In the initial AAAAI survey
(Lockey and colleagues [25]) shock, syncope, or cardiac dysrhythmia was re-
ported in 69% of 17 reported fatal events.

In a recent AAAAI study, Amin and colleagues [28] evaluated data com-
paring clinical manifestations of near-fatal and fatal anaphylactic reactions
in detail (Fig. 1). Cutaneous manifestations, including urticaria, angioe-
dema, and pruritus, were reported at much greater frequency with NFRs
(70%) versus FRs (29%). The absence of cutaneous signs in most fatal re-
actors was noteworthy and would suggest that the absence of cutaneous
signs may have delayed prompt recognition and treatment of fatal anaphy-
laxis in some cases.

Although upper airway obstruction and bronchospasm were reported
with similar frequencies in fatal and near-fatal reactors, acute respiratory
failure was identified in 94% of FRs compared with 10% of NFRs. All fatal
and near-fatal reactors who developed respiratory failure and required intu-
bation had been previously diagnosed with asthma. It was noteworthy that
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four (57%) of seven patients with NFRs requiring intubation had pretreat-
ment forced expiratory volume in 1 second (FEV1) values of less than 70%
predicted [28].

Factors associated with severe anaphylaxis

Patient characteristics

Fatal anaphylaxis attributable to various causes has been consistently re-
ported to occur with greater frequency among patients with severe or poorly
controlled asthma [25,26,32]. As already mentioned, patients with severe or
uncontrolled asthma are at greater risk for FRs after IT injections [27]. In
the aforementioned recent AAAAI survey, asthma was present in 15
(88%) of 17 fatal reactors compared with 46% in near-fatal reactors [27].
As shown in Fig. 2, asthma was not optimally controlled before death in
most asthmatic patients who went on to have fatal IT reactions but was
poorly controlled in only 10% of asthmatics experiencing NFRs [28]. Fatal
reactors were more likely to have labile asthma and prior emergency depart-
ment visits (54% versus 9%, odds ratio [OR]¼ 12.1, 95% confidence interval
[CI]: 2.6–61.1) and hospitalizations for asthma (61.5%versus 4%,OR¼ 34.7,
95% CI: 5.7–251) relative to near-fatal reactors who survived severe
anaphylaxis (see Fig. 2) [28].

Fig. 1. Clinical manifestations reported by treating physicians during FRs and NFRs to IT in-

jections. (From Amin HS, Liss GM, Bernstein DI. Evaluation of near-fatal reactions to allergen

immunotherapy injections. J Allergy Clin Immunol 2006;117:172; with permission.)
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The association of IT fatalities with poorly controlled asthma is consis-
tent with the findings of the 1986 British CSM report [18]. In a 1990 pro-
spective study of rush IT with a standardized D pteronyssinus extract,
more than 60% of patients with FEV1 values of less than 70% experienced
bronchospasm after IT injections, suggesting that patients with severe air-
way obstruction are at much greater risk [24]. Bernstein and colleagues
[27] reported that FEV1 values less than 70% predicted were reported in
50% of asthmatics who had FRs in whom spirometry data were available.

Practice guidelines have stated that concomitant medical conditions other
than asthma and medications could compromise the ability of patients to
tolerate IT-induced anaphylaxis and that these should be considered as
relative contraindications for administration of IT [4]. Although 5 of 17
patients with FRs reported by Lockey and colleagues had underlying car-
diovascular disease, subsequent surveys have not confirmed this association
[25–27]. There is little evidence to suggest that use of beta-blockers increases
the incidence of systemic reactions to IT [33,34]. Nevertheless, experimental
evidence has been published showing that beta-blockers may enhance hypo-
tensive responses during anaphylaxis and may reduce beneficial adrenergic
responses to emergency epinephrine [10,35]. Lockey and colleagues [25]
identified that 2 of 17 fatal reactors (1973–1984) were receiving beta-
blockers (propanolol and timolol), as was 1 of 17 fatal reactors in the sub-
sequent survey of Reid and colleagues [26]. In the AAAAI near-fatal survey

Fig. 2. Comparison of prior indicators of asthma severity in fatal and near-fatal reactors re-

ported by treating physicians. (FromAmin HS, Liss GM, Bernstein DI. Evaluation of near-fatal

reactions to allergen immunotherapy injections. J Allergy Clin Immunol 2006;117:173; with

permission.)
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(1990–2001), Amin and colleagues [28] reported only 1 patient on low-dose
atenolol (25 mg qd), who had an excellent response to epinephrine during an
NFR and did not require glucagon. Concern has been raised about the the-
oretic risk of concomitant use of angiotensin-converting enzyme (ACE) in-
hibitors [36] in patients receiving IT. Eight cases of IT-related anaphylaxis
have been reported in patients receiving ACE inhibitors, but the relative
risk has not been determined [27,28,36,37].

Previous local and systemic reactions

Based on data from the previous surveys as well as the aforementioned
AAAAI surveys, large local reactions were not found to predict the subse-
quent occurrence of severe systemic reactions reliably [27,28,38,39]. Bern-
stein and colleagues [27] reported that 28.6% (4 of 14) of patients with
FRs reported prior injection-related systemic reactions, and Reid and col-
leagues [26] noted that 36% of IT fatal reactors had experienced prior sys-
temic reactions. Prior systemic reactions were identified in only 9% of those
with NFRs [28].Thus, these data suggest that patients with FRs are likely to
have experienced IT-related systemic reactions previously.

The tendency for the numbers of observed systemic IT reactions to in-
crease during peak allergen seasons was noted in 1957 by Van Arsdel and
Sherman [16]. In AAAAI surveys, 29% to 56% of physicians reported
that FRs and NFRs occurred during their patients’ peak allergy seasons
[28]. Unfortunately, uncontrolled surveys do not allow estimation of the rel-
ative risk of severe anaphylaxis during peak allergen exposure periods.

Other possible contributing factors

The clinic setting in which IT is administered may contribute to fatal ana-
phylaxis. In the first two AAAAI surveys, 47% to 48% of FRs occurred
outside of the prescribing allergist’s office [25,26], and 41% in the most re-
cent survey did so. Bernstein and colleagues [27] noted that 3 (18%) of 17
FRs occurred outside of a medical clinic or at home, whereas 63 (93%) of
68 NFRs occurred in the prescribing allergist’s facility and the remainder
occurred in supervised clinic settings [28]. Delay in onset of injection-related
anaphylaxis could delay prompt initiation of life-saving treatment with epi-
nephrine. In the most recent AAAAI survey (1990–2001), 3 of 17 FRs began
more than 30 to 45 minutes after allergen injections [27]. In previous sepa-
rate surveys, 8% to 13% of FRs to IT began 30 minutes or more after
injections. Due to similar infrequent delayed reactions observed in the
United Kingdom, a 60-minute postinjection observation period was been es-
tablished [40].

In the last AAAAI survey of FRs and NFRs, the mean number of injec-
tions administered by allergy clinics reporting NFRs was 51% greater than
that of clinics reporting no life-threatening IT reactions (P ! .02). The
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reduced likelihood of severe reactions in clinics administering fewer IT injec-
tions could be related to more careful selection and exclusion of high-risk
patients (eg, poorly controlled asthmatics).

Serious allergic reactions to IT injections have been linked to errors in
dosing and administration [41]. In the aforementioned NFR survey, dosing
errors were implicated in contributing to 25% of anaphylactic reactions [28].
In a prospective French study, errors related to allergen extract vials or
doses accounted for 10% of all systemic reactions [42]. Lockey and col-
leagues [25] reported three ‘‘errors’’ of administration in 14 patients with
FRs. Reid and colleagues [26] reported one FR associated with a dosing er-
ror and another FR after intramuscular IT administration. Thus, dosing
and administrative errors seem to contribute significantly to injection-
related anaphylactic events.

In an earlier survey, life-threatening anaphylactic reactions were consid-
ered to occur more frequently during the build-up phase of IT [26]. Accord-
ing to the most recent AAAAI surveys, however, most FRs and NFRs
occurred after injections from maintenance allergen extract vials [27,28].
In a recent prospective multicenter Danish study of 1038 patients receiving
alum-absorbed pollen and indoor allergen extracts, timothy allergen was im-
plicated in all eight severe grade 4 injection-related anaphylactic reactions
[43]. This suggests that pollen extracts are more likely to cause severe ana-
phylactic reactions.

Management of severe reactions

It is recognized that FRs are unpredictable and can occur in patients
without any of the aforementioned underlying risk profiles [44]. Therefore,
prompt recognition and administration of parenteral epinephrine are critical
to successful management of severe anaphylaxis [32,45]. In the most recent
AAAAI survey of 17 patients with FRs, Bernstein and colleagues [27] re-
ported that administration of epinephrine was delayed (R10 minutes) or
not administered in 31% of cases. In those patients with NFRs, 82% of
NFRs were treated within 3 minutes of onset of reactions and 94% of pa-
tients received epinephrine within the first 20 minutes [28]. In earlier surveys,
epinephrine had been knowingly administered to only 18 (75%) of 24 and 12
(70%) of 17 patients with fatal IT reactions [25,40]. Similarly, fatal out-
comes related to severe food-induced anaphylaxis have been associated
with significant delays in administration of epinephrine [32]. It is likely
that epinephrine was administered by means of the subcutaneous route in
early surveys. Interestingly, in the most recent AAAAI survey of NFRs,
31% of patients who experienced NFRs received epinephrine by means of
the preferred and recommended intramuscular route, which achieves higher
plasma epinephrine levels more rapidly compared with the subcutaneous
route [45]. The initial epinephrine dose was adequate (R0.3 mg) in 88%
of NFRs. Antihistamines and systemic corticosteroids were administered
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along with epinephrine in 63% of NFRs but were not administered to 37%
of patients, suggesting that these interventions were much less critical than
epinephrine. Optimal epinephrine treatment for NFRs was likely assured by
administration of IT injections in medically supervised clinic settings in 93%
of cases [28].

In the most recent AAAAI survey of FRs and NFRs, intubation was re-
quired for respiratory failure in 88% of FRs compared with only 9% of
NFRs [28]. Among the recently reported cases of severe anaphylaxis after
IT with fatal outcomes, intubation was attempted in 15 patients. In
6 (40%) patients, the establishment of an airway was delayed or unsuccess-
ful. This experience suggests that clinics administering IT must have proce-
dures in place that enable timely establishment of a functioning airway
during life-threatening anaphylaxis. Because many practicing allergists are
inexperienced in performing emergency endotracheal intubation, alternative
approaches, such as laryngeal mask airways (LMAs) or cricothyroidotomy,
may be required to maintain oxygenation.

Preventative measures to reduce immunotherapy-induced

life-threatening anaphylaxis

Recommendations have been proposed in the Joint Council of Allergy,
Asthma, and Immunology practice parameters (PPs) (2003) aimed at pre-
venting severe IT-related anaphylactic reactions and to ensure optimal man-
agement of such reactions [4]. These and other PP recommendations to
reduce the risk of systemic anaphylactic reactions to IT injections are listed
in Box 1. It should be emphasized that these recommendations are largely
based on expert opinion and that scientific evidence is often lacking. The
most recent PPs state that ‘‘Medical conditions that reduce the patient’s
ability to survive a systemic reaction are relative contraindications for aller-
gen immunotherapy’’ [4]. Examples include severe asthma uncontrolled by
pharmacotherapy and significant cardiovascular disease (summary state-
ment 15). This document also acknowledges that there is reasonable evi-
dence (category C) to indicate that patients with severe poorly controlled
asthma are at greater risk for systemic reactions to allergen IT injections
(summary statement 18). In patients with previous systemic reaction(s) to
an injection, the PPs state that ‘‘the dose of vaccine should be appropriately
reduced’’ (summary statement 38). Patients who previously experienced
a systemic reaction that begin more than 30 minutes after an injection
may need to be observed for longer than 30 minutes in the physician’s office
and trained on the use of self-injectable epinephrine.

According to the practice parameter on IT, allergen IT should be admin-
istered ‘‘in a setting where procedures that can reduce the risk of anaphy-
laxis are in place and where the prompt recognition and treatment of
anaphylaxis is assured.’’ The PPs recommend that the office of the physician
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who prepared the patient’s vaccine be the preferred location for the admin-
istration of allergen IT (summary statements 48–50), especially in patients
considered to be at high risk of systemic reactions, and that injections be ad-
ministered under the supervision of appropriately trained physicians and
personnel. The PPs further recommend that injections ‘‘not be administered
at home because of the risk of inadequate recognition and treatment of sys-
temic reactions.’’ A 20- to 30-minute observation period in the physician’s
office is recommended based on evidence that most severe anaphylactic re-
actions begin 20 to 30 minutes after injections.

Box 1. Actions to reduce the risk of anaphylaxis

1. Assess a patient’s general medical condition at the time of
injection (eg, asthma exacerbation).

2. Adjust vaccine dose or injection frequency if symptoms of
anaphylaxis occur and IT is continued.

3. Use appropriately diluted initial vaccines in patients who seem
to have increased sensitivity on the basis of history or tests for
specific IgE antibodies.

4. Instruct patients to wait in the physician’s office for 20 to
30 minutes after an IT injection. Patients at greater risk of
reaction from allergen IT (eg, patients with increased
allergen sensitivity or those who have previously had
a systemic reaction) may need to wait longer.

5. Carefully evaluate any patient with a late reaction (ie, local or
systemic reaction more than 30 minutes after the IT injection).

6. Institute procedures to avoid clerical or nursing errors (eg,
careful checking of patient identification).

7. Recognize that dosage adjustments are usually necessary
with a newly prepared vaccine or a patient who has had
a significant interruption in the IT schedule.

8. Ensure that adequate equipment and medications are
immediately available to treat anaphylaxis, including (1)
a stethoscope, (2) a sphygmomanometer, (3) tourniquets,
(4) syringes, (5) hypodermic needles, (6) large-bore (14-gauge)
needles, (7) epinephrine at a ratio of 1:1000, (8) oxygen,
(9) equipment for administering intravenous fluids, (10)
equipment for establishing an airway, (11) antihistamine for
injection, (12) corticosteroid for intravenous injection, and (13)
vasopressor.

Adapted from Joint Council on Allergy, Asthma, and Immunology. Allergen
immunotherapy: a practice parameter. Ann Allergy Asthma Immunol 2003;90:
1–40; with permission.
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The authors of the most recent AAAAI survey have suggested similar
and additional specific measures for preventing IT-related anaphylaxis
based on their review of FRs and NFRs (Table 1) [27,28]. Because asthma
represents the highest risk determinant, withholding IT injections is sug-
gested in patients with moderate or severe airway obstruction and in those
whose asthma is not optimally controlled. Patients should be assessed for
worsening asthma by evaluating symptoms and lung function (peak expira-
tory flow rate [PEFR] ) before each injection. Because there is limited benefit
and greater risk in asthmatic patients with FEV1 values less than 70%, risk
and benefit must be considered carefully in individual patients before initi-
ation of IT. Because suboptimal epinephrine dosing was a common feature
in fatal IT reactions, physicians supervising IT administration must adhere
to published anaphylaxis guidelines that recommend adequate and timely
dosing with intramuscular epinephrine (see Table 1). As already mentioned,
because of difficulties in establishing airways in fatal reactors, clinical staff in
a clinic administering IT must be prepared to establish and maintain an

Table 1

Selected findings of immunotherapy surveys with authors’ suggested recommendations for re-

ducing anaphylaxis caused by injection immunotherapy

Study findings Suggested recommendations

Asthma symptoms not optimally

controlled and pretreatment FEV1

!70% predicted

Consider risk versus benefit before initiating IT

Withhold IT if asthma is not well controlled

Assess asthma and PEFR before injections

FRs at home or in unsupervised

clinics

Administer IT in fully equipped clinic by trained

personnel and never at home

Inadequate epinephrine dosing Administer epinephrine at a ratio of 1:1000 IM at

a dose of 0.3–0.5 mg; repeat if needed

If no response to IM dosing, give 1:10,000

epinephrine IV infusion

Difficulty in establishing an airway Clinical staff must be prepared to establish and

maintain an airway when necessary

Prior systemic reactions Reduce subsequent immunotherapy doses

Dispense self-injectable emergency epinephrine to all

patients who continue IT

Consider discontinuation in high-risk patients

Patients depart prematurely from

clinic after injections

All patients should be required to wait 30 minutes in

a medically supervised setting after IT injections

Dosing errors were implicated in 25%

of NFRs

Prevent dosing errors by educating clinic staff

Give injections from patient-specific vials

Use standardized forms and protocols

Routinely check patient identity (eg, name, birth

date) before each injection

Same staff person that prepares IT injection should

administer

Allow only one patient at a time in the injection room

Abbreviations: FEV1, forced expiratory volume in 1 second; FR, fatal reaction; IM, intra-

muscular; IT, immunotherapy; IV, intravenous; NFR, nonfatal reaction.

Adapted from Refs. [27,28,41].
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airway when necessary (eg, cricothyroidotomy). Finally, because of the re-
cently recognized high prevalence of dosing (errors) associated with systemic
reactions, several preventative measures are advocated, including education
of clinic staff, administration of injections from patient-specific vials, routine
checks of patient identifiers (eg, birth date) before each injection, adminis-
tration by the same staff person who prepares the injection, and allowing
only one patient at a time in the injection room [41].

References

[1] von Hertzen L, Haahtela T. Disconnection of man and the soil: reason for the asthma and

atopy epidemic? J Allergy Clin Immunol 2006;117:334–44.

[2] Linneberg A. Changes in atopy over 25 years: allergy epidemic has spread to old age. BMJ

2005;331:352.

[3] Finegold I. Immunotherapyhistorical perspective.AnnAllergyAsthmaImmunol2001;87:3–4.

[4] Joint Council on Allergy, Asthma, and Immunology. Allergen immunotherapy: a practice

parameter. Ann Allergy Asthma Immunol 2003;90:1–40.

[5] Dolz I, Martinez-Cocera C, Bartolome JM, et al. A double-blind, placebo-controlled study

of immunotherapy with grass-pollen extract Alutard SQ during a 3-year period with initial

rush immunotherapy. Allergy 1996;51:489–500.

[6] Ross RN, Nelson HS, Finegold I. Effectiveness of specific immunotherapy in the treatment

of allergic rhinitis: an analysis of randomized, prospective, single- or double-blind, placebo-

controlled studies. Clin Ther 2000;22:342–50.

[7] Abramson M, Puy R, Weiner J. Allergen immunotherapy for asthma. Cochrane Database

Syst Rev 2003;4:CD001186.

[8] Golden DB, Valentine MD, Kagey-Sobotka A, et al. Regimens of Hymenoptera venom

immunotherapy. Ann Intern Med 1980;92:620–4.

[9] Golden DB, Kagey-Sobotka A, Valentine MD, Lichtenstein LM. Dose dependence of

Hymenoptera venom immunotherapy. J Allergy Clin Immunol 1981;67:370–4.

[10] Moffitt JE, Golden DB, Reisman RE, et al. Stinging insect hypersensitivity: a practice

parameter update. J Allergy Clin Immunol 2004;114:869–86.

[11] Cooke R, van der Veer A. Human sensitization. J Immunol 1916;1:201–9.

[12] Cooke R. Studies in specific hypersensitiveness. III. On constitutional reactions. J Immunol

1922;7:119.

[13] Boughton T. Anaphylactic death in asthmatics. JAMA 1919;1912.

[14] LamsonRW. Sudden death associated with the injection of foreign substances. JAMA1924;

82:1091–8.

[15] Waldbott GL. The prevention of anaphylactic shock. JAMA 1932;98:446–8.

[16] Vanarsdel PP Jr, Sherman WB. The risk of inducing constitutional reactions in allergic

patients. J Allergy 1957;28:251–61.

[17] James LP Jr, Austen KF. Fatal systemic anaphylaxis in man. N Engl J Med 1964;270:

597–603.

[18] CSM update: desensitising vaccines. Br Med J (Clin Res Ed) 1986;293:948.

[19] Frew AJ. Injection immunotherapy. British Society for Allergy and Clinical Immunology

Working Party. BMJ 1993;307:919–23.

[20] Adverse reactions to allergen immunotherapy. Clin Exp Allergy 1993;23(Suppl 3):32–5.

[21] Greenberg MA, Kaufman CR, Gonzalez GE, et al. Late and immediate systemic-allergic

reactions to inhalant allergen immunotherapy. J Allergy Clin Immunol 1986;77:865–70.

[22] Ewan PW, Alexander MM, Snape C, et al. Effective hyposensitization in allergic rhinitis us-

ing a potent partially purified extract of house dust mite. Clin Allergy 1988;18:501–8.



307ANAPHYLACTIC REACTIONS DURING IMMUNOTHERAPY
[23] Bousquet J, Hejjaoui A, Dhivert H, et al. Immunotherapy with a standardizedDermatopha-

goides pteronyssinus extract. Systemic reactions during the rush protocol in patients suffer-

ing from asthma. J Allergy Clin Immunol 1989;83:797–802.

[24] Hejjaoui A, Dhivert H,Michel FB, et al. Immunotherapy with a standardized Dermatopha-

goides pteronyssinus extract. IV. Systemic reactions according to the immunotherapy sched-

ule. J Allergy Clin Immunol 1990;85:473–9.

[25] Lockey RF, Benedict LM, Turkeltaub PC, et al. Fatalities from immunotherapy (IT) and

skin testing (ST). J Allergy Clin Immunol 1987;79:660–77.

[26] Reid MJ, Lockey RF, Turkeltaub PC, et al. Survey of fatalities from skin testing and immu-

notherapy 1985–1989. J Allergy Clin Immunol 1993;92:6–15.

[27] Bernstein DI, Wanner M, Borish L, et al. Twelve-year survey of fatal reactions to allergen

injections and skin testing: 1990-2001. J Allergy Clin Immunol 2004;113:1129–36.

[28] Amin HS, Liss GM, Bernstein DI. Evaluation of near-fatal reactions to allergen immuno-

therapy injections. J Allergy Clin Immunol 2006;117:169–75.

[29] Position paper: immunotherapy. (EAACI)TheEuropeanAcademyofAllergology andClin-

ical Immunology. Allergy 1993;48:7–35.

[30] Tinkelman DG, Cole WQ 3rd, Tunno J. Immunotherapy: a one-year prospective study to

evaluate risk factors of systemic reactions. J Allergy Clin Immunol 1995;95:8–14.

[31] Nettis E, Giordano D, Pannofino A, et al. Safety of inhalant allergen immunotherapy with

mass units-standardized extracts. Clin Exp Allergy 2002;32:1745–9.

[32] Sampson HA, Mendelson L, Rosen JP. Fatal and near-fatal anaphylactic reactions to food

in children and adolescents. N Engl J Med 1992;327:380–4.

[33] Muller UR, Haeberli G. Use of beta-blockers during immunotherapy for Hymenoptera

venom allergy. J Allergy Clin Immunol 2005;115:606–10.

[34] Hepner MJ, Ownby DR, Anderson JA, et al. Risk of systemic reactions in patients taking

beta-blocker drugs receiving allergen immunotherapy injections. J Allergy Clin Immunol

1990;86:407–11.

[35] Forfang K, Simonsen S. Effects of atenolol and pindolol on the hypokalaemic and cardio-

vascular responses to adrenaline infusion. Eur J Clin Pharmacol 1989;37:23–7.

[36] Simons FE, Roberts JR, Gu X, et al. Epinephrine absorption in children with a history of

anaphylaxis. J Allergy Clin Immunol 1998;101:33–7.

[37] Tunon-de-Lara JM, Villanueva P,MarcosM, et al. ACE inhibitors and anaphylactoid reac-

tions during venom immunotherapy. Lancet 1992;340:908.

[38] Kelso JM. The rate of systemic reactions to immunotherapy injections is the samewhether or

not the dose is reduced after a local reaction. Ann Allergy Asthma Immunol 2004;92:225–7.

[39] Tankersley MS, Butler KK, Butler WK, Goetz DW. Local reactions during allergen immu-

notherapy do not require dose adjustment. J Allergy Clin Immunol 2000;106:840–3.

[40] Committe on Safety ofMedicines. CSMupdate. Desensitising vaccines: new advice. Current

Problems in Pharmacovigilance 1994;20:5.

[41] Aaronson DW, Gandhi TK. Incorrect allergy injections: allergists’ experiences and recom-

mendations for prevention. J Allergy Clin Immunol 2004;113:1117–21.

[42] Vervloet D, Khairallah E, Arnaud A, et al. A prospective national study of the safety of

immunotherapy. Clin Allergy 1980;10:59–64.

[43] Winther L, Arnved J, Malling HJ, et al. Side-effects of allergen-specific immunotherapy:

a prospective multi-centre study. Clin Exp Allergy 2006;36:254–60.

[44] Simons FE. Apparent lack of response to epinephrine in anaphylaxis. J Allergy Clin Immu-

nol 2005;115:640 [author reply-1].

[45] Simons FE, Gu X, Simons KJ. Epinephrine absorption in adults: intramuscular versus

subcutaneous injection. J Allergy Clin Immunol 2001;108:871–3.


	Anaphylactic Reactions During Immunotherapy
	Historical background
	Incidence of systemic, fatal, and near-fatal immunotherapy reactions
	Clinical manifestations
	Factors associated with severe anaphylaxis
	Patient characteristics
	Previous local and systemic reactions

	Other possible contributing factors
	Management of severe reactions
	Preventative measures to reduce immunotherapy-induced life-threatening anaphylaxis
	References


