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However, in the United States, such therapy is not routinely used because it has not been
approved by the U.S. FDA, and the effective dose, treatment schedules, and overall duration of
treatment are not yet determined (43).

The traditionally protein-based IT has a limited scope of efficacy. A number of reagents,
however, termed "DNA-based immunotherapeutics," have been effective in prevention and
reversal of TH-2-mediated hypersensitivity states in mouse models of allergic disease (45,46).
The four basic DNA-based IT modalities used include immunization with gene vaccines,
allergen mixed with immunostimulating oligodeoxynucleotides (ISS-ODN), and physical
ailergen-ISS-ODN conjugates as well as immunomodulation with ISS-ODN alone. As the
Horner et al. review concludes, "If these reagents prove as effective in humans, as they
have Proven to be in rodents and nonhuman primates, then DNA-based immunotherapeutics
are likely to revolutionize the standard of care for the treatment of allergic disease." Creticos
et al. randomized, double-blind, placebo-controlled phase 2 trial of a vaccine consisting of
ragweed-pollen antigen, conjugated to a phosphorothioate oligodeoxyribonucleotide immu-
nostimulatory sequence of DNA (AIC), resulted in long-term clinical efficacy in the treatment
of ragweed allergic rhinitis. In this study, 25 adults allergic to ragr,t'eed received six weekly
injections of the AIC or placebo vaccine. The AIC group had significantly better rhinitis scores
on the visual-analog scale and nasal symptom diary scores than the placebo group during the
first and second ragweed seasons (47).However, for the time being, SCIT remains the standard
of care throughout the United States and most other parts of the world.

FREQUENCY OF lgE SYSTEMIC REACTIONS

The risk of death after the injection of a foreign substance has been known since Lamson's
report in 7929 (48). No other cited studies had reported fatalities; however in 7942, Vance and
Strassman (49) reported seven cases of sudden death following injection of foreign protein, and
james and Austin (50) published an analysis of six instances of fatal anaphylaxis in humans,
following parenteral administration of antigen (penicillin, guinea pig hemoglobin, bee venom,
and ragweed vaccine), citing several single case reports by Sheppe (51) and Blanton and
Sutphin (52), as well as the seven cases of Vance and Strassman by Rosenthal (53), following
penicillin injection.

Rands, a general practitioner in the United Kingdom, published a report of a single
fatality of a 79-year-old female due to nonresponsive bronchoconstriction developing within
five minutes following the injection of her usual maintenance dose of Pollinex (a commercial
pollen vaccine manufactured in Toronto, Canada) given five weeks after the same dose had
been administered without effect (54). This was followed by a report of 26 fatalities due to IT
and the recommendations of tl-re Committee on Safety of Medicine in the United Kingdom (55),
which established preconditions for IT, which resulted in the virtual temporary abandonment
of SCIT in the United Kingdom.

A major objective of this chapter is to compare the retrospective reviews of fatalities
occurring during skin testing and IT made by the Committee on Allergen Standardization of
the AAAAI and by the Paul Ehrlich lnstitute, the German Federal Agency for Sera and
Vaccines (56). These studies analyzed the factors contributing to fatalities occurring during
skin tests or IT, with a view to diminishing and, hopefully, eliminating them.

NON-lgE-MEDIATED ADVERSE REACTTONS

It is appropriate to review reports of some aspects of adverse reactions to IT that are
controversial. The possible role of precipitins, as responsible for adverse reactions, was
addressed by Busse et al. in a study correlating nlternaria IgG precipitins and adverse reactions
(57). Their prospective study revealed that 5 of 23 oltenmrin-sensitive persons had IgG
precipitins before IT and another six developed precipitins during therapy. Only 1 of the 23
experienced a reaction to nlternnrin four to six hours after an injection of altennrin vaccine. They
conclude that precipitins to sltertnrin are conìmon and do not seem to be the basis for
late reactions and their presence is not a contraindication to IT. A contrasting report by Kaad
and Ostergaard suggests that IT of asthmatic children with mold vaccines might be hazardous
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Levinson et al. undertook to determine if long-term allergen IT caused late sequelae,
particularly those reflecting abnormal immunological .esponseÀ (78). Their study, thì first
systematic investigation of potential adverse effects of long-term IT, examined 41 patients
between 18 and 50 years who had received regular IT with three or more allergen vaccines for
five or more years at the Walter Reed Army Medical Center Ailergy Clinic. Tlenty-one age-
and gender-matched atopic individuals served as controls prior to initiatit g r.t.i-t therafy.
The treated individuals showed no increased autoimmut-re, còllagen, vascular, or lymphopró-
liferative disease. Furthermore, long-term allergen IT had no adverse effects on immunblogical
reactivity as assessed by a number of immunological parameters-with a particuiarly
noteworthy absence of immune complexes in the serum of patients undergoing long-term IT. It
is true for at least this study of 47 patients, mostly Caucasian females, of àn urre.ug" age of 30,
treated for allergic rhinitis and asthma for five or more years in the U.S. Army Allergy Clinic.

_ Phanuphak and Kohl er (79) described in 6 of 20 .orlr".utive patients the ónset of
polyarteritis nodosa, of vasculitic symptoms that coincided with SCIT fór presumptive atopic
(lgE-mediated) respiratory disease. Compared with 14 other patients with pblyarteiitis nodoìa,
the six on IT had significantly greater skin involvement and peripherai bÍood eosinophils.
There was evidence for circulatory complexes with decreised hemolytic complement,
increased cryoglobulins, or increased Ctq binding in both groups but no ailergen-precìpitating
antibodies.

A possible association between pemphigus vulgaris and allergen injections with cat pelt
vaccine was raised by McCombs et al. (80). Although intriguing, it seems irrelevant since such
therapy today is performed with purified cat allergens.

The conflicting results of studies in patients receiving long-term IT might be explained by
a nonuniformity of detection methods used. This prompted a group of Austialian investigatois
to examine a population of older patients with documented prolonged IT extending over many
years: They examined 35 older patients (mean age 62, range 53-85 years) wÉo received
injections of allergen vaccines for between 2 and 30 years (mean of 13 years) and compared

th"T with an age-matched control group (mean age 64.7, range 42-87 years). Treated paiients
had significantly higher IgG and lower total IgE than controli, but no increased incidence of
paraproteins or evidence of immune complex disease such as urinary abnormalities, increased
Clq binding levels, cryoglobulins, or rheumatoid (sic) fever (81).

FATALITIES

Fatalities, carefully documented, constitute a less controversial measure of adverse effects
related to either skin testing or allergen IT. Since Lamson's first description of death from
anaphyìaxis associated with SCIT (48), six fatalities have been reported related to or associated
with SCIT (49,50,54,82-84). More than 70 deaths (between 1895 and 1964) have been reported
after skin testing, the majority of these associated with antigens such as horse serumlèrived
tetanus or diphtheria antitoxins and pneumococcus antiserum, none of which are currently in
use. Nine of these 70 deaths from skin testing were associated with allergens similai to
allergens used today. No articles on fatalities associated with IT or skin testing have been
published in the United States between 1980 and 1987.

A project defining risk factors for fatalities from skin testing and IT was instituted as a
retrospective study by the Committee on Allergen Standardization of the AAAAI in 1983.
For this project, Lockey and his coworkers composed a 64-item questionnaire designed to
obtain data on fatalities from skin testing and IT. The questionnaire was mailed to the then
3400 members and fellows of the AAAAI and its analysis was published in The lournnl of
Allergy and Clinicnl Immunology in April, 1987 (85). Although +O fatalities had been reporteú
from 7945 to 7984, only 30 (6 fatalities from skin testin g and-24 from IT) had sufficient dàta for
analysis. Tables 1 and 2 summarize the data on fatalities associated with skin testing and IT,
respectively.

- Although all ages were affected (range 7J0), the mean ages of the fatalities following
skin testing or IT were 30 and 34 years, respectively. There *as no gender predilection. Errori
of administration appeared to be responsible for three fatalitieJ and questionable for an
additional three. Ten patients had died after skin tests or IT during a seasónal exacerbation of
the patients' allergic disease, four in patients who had been symptomatic at the time of
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events from January 1990 to June 1995 (92). Thev reported 28 deaths during this time, with an
average of five deaths per year with incompiete data for 79 of the 28 reports. One of the 28
deaths was associated with intradermal skin testing and 27 wtth IT. Fóur of the IT deaths
occurred following home injections or injections given with no physician present, 3 were
associated with an incorrect dose, 19 occurred in individuals with atopic asthma, and 5 deaths
occurred despite postreaction intervention. The age range at the time of death was 12 to
73 years and there was rìo gender predilection. Data in this study are similar to previous
reports of fatalit ies.

The Committee on the Safety of Medicine of the United Kingdom reported in 1986 that
26 deaths from anaphylaxis due to allergen IT had occurred in the Únited Kingdom since 7957.
All died from lT-induced bronchospasm and/or anaphylaxis, 11 of these since 19g0 and 5
during the preceding 18 months. In most of the cases, adequate facilities for cardiorespiratory
resuscitation were not available. Asthma was the indication for treatment in 16 of the 26,
allergic rhinitis in 1, and the indicator was unknown in 9. In two patients, the ultimately fatal
systemic reaction allegedly began more than 30 minutes after injection, resulting in a
recommendation that patients remain in a medical faciiity for two hour after their inJection
(55). Currently, 26 centers throughout the United Kingdom are equipped to perform SCIT in
specialist hospital settings. About 500 courses of SCIT are initiated ànnually, and the minimum
waiting period is now 60 minutes (Durham SR, personal communication,200T; Andersen P,
personal communication, 2007).

In Sweden, introduction of potent mite, mold, and animal dander vaccines was
accompanied by some anaphylactic deaths that prompted the regulatory agency to restrict the
use of these vaccines to physicians and clinics specializing in this issue (97).

Tlre Paul Ehrlich Institute in Germany reported 40 fatalities between 7977 and 7994, with
complete data available for 20 reports in Germany and 8 reports elsewhere in Europe. For 23 of
the 28 reports analyzed, it was not possible to rule out erroi on the part of the physician and/or
inadequate information given to the patient as factors contributory to the fatal outcomes (56).
Three cases with permanent hypoxic brain damage as a result of anaphylactic shock were also
reported. Semidepot preparations, which are not used in the United States, were involved in
most of the adverse and fatal reactions. Mite allergen vaccines were used in 18 of the cases
reported.

There are 4l fatalities identified from SCIT in Bernstein et al. AAAAI physician member
survey of fatal reactions and near-fatal reactions (NFRs) from 1990 to 2001 (92). The estimated
fatality rate is 1 per 2.5 million injections, (average of 3.4 deaths/yr), similar to the results in the
previous AAAAI physician member surveys (85,92,96). One skin test fatality was confirmed in
a young woman, with allergic rhinitis, moderate persistent asthma, and food allergy, who had
a fatal anaphylactic reaction after application of prick-puncture tests to 90 food aniigens (93).

ANAPHYLAXIS ASSOCIATED WITH SKIN TESTING AND SCIT

The study by Van Arsdel and Sherman (1) supports the general safety of IT for the control of
IgE-mediated allergic diseases in that over 1 million ailergen vaccine injections given to
8700 patients from 1935 to 1955 had been administered without a fatality. Hepnèr et al.
prospective study on IT, reported in 7987, that 25 out of 2989 patients, over a seven-month
period, experienced systemic reactions and there were no fatalities (6). On the basis of annual
studies from a panel of 2000 physicians in the United States, the National Disease and
Therapeutic Index indicated that in each of the five previous vears, 7 to 70 million allergen
injections had been given (98). Since so many injections are administered yearly, the risk óf a
fatal reaction is low. Lockey et ai. reported that 45 (7.4%) of 3236 patients who had a clinical
history of Hymenoptera hypersensitivity and were skin tested had systemic hypersensitivity
reactions during skin testing, and eight of these (0.25% of the subjects tested) were severe (99).
Of 1410 patients placed on IT, 171 experienced 327 systemic reactions, of which 28 reactions
(9%) were severe but not fatal (100). These studies illustrate that IT with a standardized
vaccine, used as indicated, in individuals with an allergic disease that may be life threateninp;,
induces a low incidence of adverse reactions, most of which are mild to moderate.

The systemic reaction rate to skin testing is significantly lower than the rate of reactions
to SCIT, but it is not negligible. Lin et al. reported only two patients with systemic ailergic
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Bukantz et al.

PRECAUTIONS FOR SKIN TESTING AND IMMUNOTHERAPY

The following guidelines are suggested:

1. Always begin with a percutaneous procedure for skin testing (i.e., prick-purlcture).

Z. When poss"ible, do not use p-adrenèrgic blocking agents concomitantly during skin

testing or IT.
3. Keep patients under observation for at least 30 minutes or even longer for those at

greatest risk since most fatal systemic reactions begin within that time (115).

4. úlh"r, SCIT is prescribed, give the patient written and/or verbal guidelines outlining

methods of IT and the importance of adherence to these guidelines to prevent an

adverse reaction (see chap. 32).
5. Inform patients receivinglT of its potential risk and obtain informed consent.

6. Administer IT in an officé or clinicai setting with a physician present and with optimal

care available for the treatment of a systemic reaction.
T. Monitor patients to assure they are waiting a proper time in the facility where they

receive their IT.
8. Provide adequate instructions to another physician who may give th-e injections

elsewhere from vials of vaccine taken from the prescribing physician's office or clinic

(see chaP. 32).

The safety of allergen IT has been reviewed in detail by Norman and Van Metre (119)'

EQUIPMENT RECOMMENDED FOR SETTINGS WHERE
ALLERGEN IMMUNOTHERAPY IS ADMINISTERED

The following equipment are recommended by the Joint Task Force on Practice Parameters (115):

1. Stethoscope and sphygmomanometer.
2. Tourniquàts, syringei, hypodermic needles, large-bore needles (14 gauge).

3. Aqueous epinephrine HCL 1:1000 w/v.
4. Equipment to administer oxygen by mask.
5. Equipment to administer intravenous fluids.
6. Antihistamines for injection (second-line agents for anaphylaxis, but H1 and H2

antihistamines work better together than either one alone).

7. Corticosteroids for intravenous injection.
B. Vasopressors.
9. Equipment to maintain an airway appropriate for the supervising physician's expertise

and skill.

The prompt recognition of systemic reactions and the immediate use of epinephrine are

the mainstays of therapy 020-722).

SALIENT POINTS

. physicians who administer allergen IT should have the appropriate equipmer-rt and

personnel to treat a systemic reaction.
. No allergen vaccine can be considered completely safe for a given patient allergic to tl'rat

vaccine.
o The risk of a fatal reaction can be reduced and even eliminated by the careful selection

and monitoring of allergic patients on IT, by using improved biologically stanclardized

vaccines and by skilled and timely treatment of systemic reactions'
o The wait perioà of 30 minutes is adequate for most patients, but should be extended

for high-risk patients.
o patients at highest risk for allergen IT are patients with asthma, especiallv unstable

asthma.
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