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Background: Awareness of the clinical features of anaphylaxis
and its causative triggers is important if recurrent episodes are
to be avoided. The incidence of anaphylaxis in the general pop-
ulation is often underreported, and epidemiologic studies are
few. Because an accurate profile of anaphylaxis could heighten
awareness of this problem, we investigated the epidemiology of
anaphylaxis in the general population of Olmsted County,

Minn.

Objective: The purpose of this study was to describe the epi-
demiology of anaphylaxis in Olmsted County residents from
1983 through 1987.

Methods: This was a retrospective population-based cohort
study. The medical records of 1255 Olmsted County residents
identified by computer-linked, medical diagnostic indices (the
Rochester Epidemiology Study) were reviewed retrospectively
to identify residents whose clinical episodes met the criteria for
anaphylaxis. We determined the incidence and rate of occur-
rence of anaphylaxis, rate of recurrence, prevalence of atopy,
cause of anaphylaxis, frequency of referral to an allergy spe-
cialist, hospital admission rate, and case-fatality rate.

Results: There were 133 residents who experienced 154 ana-
phylactic episodes during the 5-year period: 116 residents had
1 episode of anaphylaxis, 13 residents had 2 episodes, and 4
residents had 3 episodes. The anaphylaxis occurrence rate was
30 per 100,000 person-years (95% confidence interval, 25-35).
There were 110 residents who had a first lifetime episode of
anaphylaxis (that was medically evaluated) during the years
1983 to 1987. The average annual incidence rate of anaphylax-
is was 21 per 100,000 person-years (95% confidence interval,
17-25). Atopy was present in 53% of the cohort, and allergy
consultation was obtained in 52%. A suspect allergen was
identified in 68% of the cohort, most frequently a food, med-
ication, or insect sting. The hospitalization rate was 7%, and 1
patient died.

Conclusion: The incidence of anaphylaxis is less than 1%, and
death rarely occurs. People with atopy experience anaphylaxis

more frequently than people without atopy. Anaphylaxis fre-
quently is not recognized by patients and physicians. (J Aller-
gy Clin Immunol 1999;104:452-6.)
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Portier and Richétcoined the termanaphylaxisto
describe the phenomenon that occurred when a second
vaccinating dose of sea anemone toxin caused a dog’s
death. They wished to distinguish this adverse event from
prophylaxis, which describes protection from vaccina-
tion. Anaphylaxis is an acute, systemic reaction caused
by mast cell-mediator release and is potentially life
threatening. It is a medical emergency. The condition is
identified by multiorgan involvement of the cutaneous,
respiratory, cardiovascular, and gastrointestinal systems
reacting to mast cell degranulation and mediator release
temporally associated with a specific trigger, such as a
drug, food, or insect stingThe termidiopathic anaphy-
laxis describes patients who experience anaphylactic
symptoms with no identifiable etiologyThe termana-
phylactic reactionimplies occurrence of an IgE type |
reaction triggered by an antigen, whereas the tanes
phylactoid reactionmplies a non-lgE-mediated cause,
such as serum complement activation or direct mast cell
degranulation by medications such as vancomycin, nar-
cotic drugs, or radiocontrast agents.

Data on the epidemiology of anaphylaxis are general-
ly available for only selected groups and not for the gen-
eral population. In a retrospective study of all cases of
anaphylactic shock occurring in a hospital catchment
area of 48,000 in a 13-year period, 20 cases were found,
for an incidence of 3.2 cases of anaphylaxis per 100,000
persons per yedrMost estimates are based on reactions
to specific drugs, such as penicillin, glafenine, and
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pathic anaphylaxis occurring in the United States ranged
from 20,000 to 47,000 cases per yeAtopy has been
variably associated as predisposing to anaphyfaids.

We previously estimated that the incidence of anaphy-

laxis is 90 per 100,000, based on emergency department
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Studies of the epidemiology and incidence of anaphy-
laxis are complicated by several factors. The definitions
of anaphylaxis vary and often do not distinguish between
mucocutaneous symptoms alone and more severe cardio-
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I, Definition of anaphylaxis
Abbreviation used o phy ) )

Cl: Confidence interval Identification of anaphylaxis was based on symptoms and signs
of generalized mast cell-mediator release plus mucocutaneous, oral
or gastrointestinal, respiratory, or cardiovascular system involve-
vascular, respiratory, and gastrointestinal symptoms. Furment, as defined below. These criteria were established before the
thermore, surveys of patients can yield false-positive oimedical records review. _ _
false-negative responses, and the extent of anaphylaxis  T0 classify an event as anaphylaxis, we required 1 symptom of
the general population cannot be determined eaifly. generalized mediator release, such as flushing; pruritus or paresthe-
An accurate profile of the epidemiology of anaphylaxis sias of lips, axilla, hands, or feet; general pruritus; urticaria or

Id height f thi diti angioedema; lip tingling or paresthesia; and conjunctivitis or
wou eignten awareness of this conaiion among emer .o g n addition to 1 symptom of generalized mediator

gency department and primary care physicians for thegjease, we required at least 1 of the following additional symptoms
purposes of diagnosis, treatment, and counseling. to be present during the event, involving the oral and gastrointesti-

We conducted a retrospective cohort study of all Olm-nal, respiratory, or cardiovascular system, as discussed below.
sted County residents who experienced episodes of anid. Oral and gastrointestinal: oral mucosal pruritus; intraoral
phylaxis from 1983 through 1987. The main objective  angioedema of buccal mucosa, tongue, palate, or oropharynx;
was to describe the epidemiology of anaphylaxis in a hausea, emesis, dysphagia, abdominal cramps, or diarrhea.
defined general population. Secondary objectives were t- Resp_iratory: rhinitis, stridor, cough,. hoarseness, aphonia, tight-
determine the incidence of anaphylaxis in the population ~ "€sS in the throat, dyspnea, wheezing, hypopharyngeal or laryn-
the rate of occurrence of episodes of anaphylaxis, the rar, 962! €dema, cyanosis. 4 .

L . L . Cardiovascular: chest pain, arrhythmia, hypotension, presyn-

of recurrence of anaphylaxis in the identified cohort, the

- ~ cope, syncope, tachycardia, bradycardia, orthostasis, seizures,
prevalence of atopy in the cohort, the cause of the ane .4 shock.

phylactic event, the signs and symptoms of the anaphy  only 2 exceptions to these criteria could classify an event as ana-
lactic episode, the frequency of subsequent evaluation bphylaxis: isolated laryngeal edema or immediate shock and a syn-
an allergist, the percentage of episodes resulting in hoscopal event after injection of medication or a radiocontrast agent.

pitalization, and the case-fatality rate.

Data collection and analysis

METHODS The medical records of 1255 Olmsted County residents were
Medical record review reviewed individually by the physician investigators who then
Olmsted County, Minn, is isolated from urban areas, and a unitSelected patients who met the criteria for an episode of anaphylax-
record system allows all medical information about each person tdS- All the medical records of patients identified as having experi-
be accumulated in a single file. Records can be accessed by inde€nced an anaphylactic event by the physician investigators were fur-
es to the clinical diagnoses incorporated in what is known as thder reviewed by an experienced nurse abstractor. The physician
Rochester Epidemiology Project. This system provides a computernvestigators then met again with the nurse abstractor to review
linked, medical diagnostic index for all providers of care to Olmsted iNdividual patient records when questions arose regarding symp-
County residents and access to the original medical records of al0Ms or whether an episode qualified as an anaphylactic event. A
Olmsted County resident& The population of Olmsted County has final cohort of patients who had experienced anaphylaxis was iden-
been the source of numerous population-based incidence stugidified. The demographic characteristics, clinical features, associated

and has proved a reliable indicator of disease incidénaéth the allergens, and hospitalization for the first medically evaluated
exception of a higher proportion of the working population _episode in the 1983 to 1987 period were abstracted from the med-
employed in the health care industry (and correspondingly higheic@! record. Results are summarized as means + SD.

educational levels), the demographics of Olmsted County resident 1€ incidence of anaphylaxis was calculated by using the num-
generally reflect those of the US white populaién. ber of Olmsted County residents with a first lifetime episode of ana-

The medical records of Olmsted County residents with diag_phylaxis during the specified 5-year period ?n the numerator and the
noses suggesting the presence of anaphylaxis during the years 19number of Olmsted County person-years in the denominator. The
through 1987 were reviewed by physician investigators. The diagoccurrence of episodes of anaphylaxis was calculated by using the
nostic codes searched for by the computer included the following"Umber of episodes of anaphylaxis in Olmsted County residents
anaphylaxis, food allergy, drug allergy, hypersensitivity not other- during the 5-year period in the numerator and the number of Olm-
wise specified, adverse effect of immunotherapy, adverse effect oStéd County person-years in the denominator. The incidence and the
injectable diagnostic agent, subglottic or pharyngeal edema, be@ccurrence rates of anaphylaxs_were adjusted to the 1980 US white
sting allergy, and unspecified allergic reaction. The episodes of anaPOPulation because the population of Olmsted County was approx-
phylaxis identified must have occurred between January 1, 19g3mately 95% white.
and December 31, 1987, and residency in Olmsted County at th
time of the anaphylactic event was verified. RESULTS

Epidemiology of anaphylaxis

The numbers of first anaphylactic events during the 5-

; ; . : . . Zyear study period were distributed as follows: 28 events
antibody, if the medical record contained a diagnosis of allergic . .
rhinitis, bronchial asthma, atopic dermatitis, or eczéseddition- ,(21%) in 1983, 28 events (21%) in 1984, 19 events (14%)
ally, patients were considered atopic if they had a known history oi!n 1985, 27 events _(20%) in 1986, and 31 event$ (23%)
immediate reactions to foods or medications or a history of nasal ol 1987. Anaphylaxis occurred more frequently in July
respiratory symptoms to an aeroallergen documented in the medicthrough September. Fig 1 shows the distribution of the
record. episodes of anaphylaxis by suspected allergen and by

Definition of atopy or the allergic state
Patients were considered to be atopic, or prone to produce Igt



454 Yocum et al J ALLERGY CLIN IMMUNOL
AUGUST 1999

] sting
71 drugl/injection
BE= meal
BN other/unknown

Episodes, no.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

FIG 1. Distribution of first episodes of anaphylaxis (n = 133) by suspected allergen and by month.

month. The peak incidence during the summer monthyears). The anaphylaxis occurrence rate was 30 per
was the result of insect stings, which occurred only from100,000 person-years (95% ClI, 25-35 per 100,000).
May through September.

There was a temporal relationship of a few minutes tc
2 hours between exposure to a suspected allergen ai  Among the cohort of residents who experienced ana-
most of the 133 first anaphylactic events. In 48 of 133phylaxis, 42 (32%) had allergic rhinitis; 44 (33%) had
events (36%), the allergen consisted of an ingestant; ibronchial asthma, and 20 (15%) had atopic dermatitis. In
22 of 133 events (17%), the trigger was oral or parenterthe total cohort 62 (47%) were nonatopic and 71 (53%)
al administration of a medication, allergy immunothera-were atopic.
py injection, or injection of a diagnostic agent or a for- . .
eign protein; and in 20 of 133 events (15%), it was ar>!9NS and symptoms of anaphylaxis
insect sting. Therefore an allergen was suspected by ter Among the 133 residents who experienced anaphylax-
poral association in 90 of 133 anaphylactic events (68%)is, 100% had cutaneous manifestations, 69% had respira-
The implicated foods included fish, shellfish, tree nuts,tory symptoms, 24% had oral and gastrointestinal symp-
eggs, peanuts, and seeds. The suspected medicatiotoms, and 41% had cardiovascular symptoms. The per-
therapeutic and diagnostic agents, and other allergercentages of the cohort that experienced symptoms and
included radiocontrast dye, nonsteroidal anti-inflamma-signs in the 4 target organ systems are shown in Table I.
tory agents, antibiotics, allergy immunotherapy injection, The percentages exceed 100% because the people in the
and human semen. cohort experienced multiple signs and symptoms in the 4
target organ systems.

Prevalence of atopy

Incidence of anaphylaxis

There were 133 Olmsted County residents who expef redauency of allergy consultation
rienced anaphylaxis during the 5-year period: 116 resi Allergy consultation was obtained in 52% of the ana-
dents had 1 episode of anaphylaxis, 13 residents had phylaxis cohort. Allergy skin tests were performed in
episodes, and 4 residents had 3 episodes, for a total 31% to penicillin, Hymenoptera venom, aeroallergens,
154 episodes. The entire cohort was composed of 6and foods. In vitro allergen-specific IgE antibody testing
females and 67 males; the patients’ mean age was 29was performed in 9% of the cohort to penicillin,
19 years (range, 6 months to 89 years). One hundred ttHymenoptera venom, aeroallergens, and foods. Overall,
Olmsted County residents had a first lifetime episode 053 of the 133 patients (40%) in the anaphylaxis cohort
anaphylaxis during the study period, and 23 residentunderwent either skin testing or RASTSs.
(17%) had experienced an episode of anaphylaxis befol ] .. .
1983 (1961 through 1982). The average annual incidencl'k’s')'tz“I admission and case-fatality rates
of anaphylaxis was 21 per 100,000 person-years (95¢ Among the anaphylaxis cohort, 9 of 133 (7%) were
confidence interval [CI], 17-25 per 100,000 person-admitted to the hospital. The diagnosis of anaphylaxis
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was made in 6 patients at admission. The diagnosis (TABLE I. Symptoms and signs associated with anaphy-
anaphylaxis was not made either at admission or at dislaxis

missal in 3 patients. The length of hospitalization was 2.1 Patients (N = 133)
+ 2.3 days. One death occurred in the emergency depa_rsymptom or sign N 9%
ment, for a case-fatality rate of 0.91%. The cause of this
death was acute laryngeal edema that occurred durin

Cutaneous

exercise. The fatality rate for all episodes of anaphylaxic ~ “ricana S 55
during the 5-year period was 0.65% (1 in 154) Angioedema 4 56
' ’ Pruritus 73 55

Flushing 48 36
DISCUSSION Conjunctivitis or chemosis 30 23

Respiratory

We believe this is the first study to examine the over- Dyspnea 57 43
all incidence of anaphylaxis in a defined community. Throat tightness 37 28
This report is unique in that we have identified essential- Wheezing 34 26

ly all anaphylactic events in the medical records of Olm- Rhinitis 22 17
sted County residents during a 5-year period. We includ Laryngeal edema 9 7
ed all anaphylactic episodes of defined cause and idic _Hoarseness 9 !

pathic cases. This approach distinguishes the preseOraI and gastrointestinal

S . . Intraoral angioedema 20 15

study from previous reports that investigated narrow sub Emesis 12 9
types of anaphylaxiz8.12The incidence of anaphylaxis Nausea 12 9
reported here is surely an underestimate because it is fr Abdominal cramps 11 )
quently unrecognized and undiagnosed by physicians Dysphagia 7 5
and milder episodes, although potentially fatal, do not Oral pruritus 5 4
prompt patients to seek medical ctte. Diarrhea 1 1

Our criteria for anaphylaxis included symptoms andCardiovascular

signs of generalized mast cell-mediator release an Tachycardia 36 21
symptoms of another target organ involvement. This Eresytncope 125? 1115
excluded purely cutaneous reactions, such as urticari S;’Egozzs'on 4 3
and pruritus, and ensured that the process was truly sy Shock 7 5
temic. The anaphylaxis cohort did not experience trivial Chest pain 4 3
symptoms: 54% had throat tightness and wheezing; 329 Bradycardia 2 2
had intraoral angioedema, emesis, and abdomina Orthostasis 2 2

cramps; and 34% had presyncope, hypotension, syncop
and shock. One patient died.
We report the incidence of anaphylaxis as 21 cases per
100,000 person-years. A previous retrospective study ofien, such as food, medication, diagnostic agent, or
all cases of anaphylactic shock in a hospital catchmenymenoptera stings, in 58% of the cohort; thus most
area reported 3.2 cases per 100,000 inhabitants pet yeaanaphylactic events probably resulted from an allergen.
The difference in incidence between these studies may bidowever, causation could not be proved (by rechallenge)
that we included all cases of anaphylaxis, mild to severefor ethical reasons. In a previous, retrospective report on
and did not limit cases to shock alone. 179 patients with anaphylactic episodes, a cause was sus-
A retrospective study by the National Office of Vital pected in 66%, and only 19% were thought to be idio-
Statisticd” of fatal envenomations in the United States pathic? In that report, 79% of the patients were seen by
estimated an average death rate of 0.28 per 1,000,00en allergist compared with 52% of our patients. Immedi-
persons per year from Hymenoptera stings alone. Ouate treatment with epinephrine, instruction in the self-
case-fatality rate was 0.65%. administration of epinephrine, and immediate referral to
A previous study found that atopy did not predisposean allergist are recommended for all patients who expe-
Boy Scouts to an increased risk of Hymenoptera alfergy.rience anaphylaxi3? A thorough allergy history and
In 1975, the Penicillin Study GroBipeported no correla-  selective skin and allergen-specific IgE antibody tests are
tion between penicillin reactions and family or personalthe most important subsequent diagnostic tools.
history of atopy. However, it has been reported that asth- Idiopathic anaphylaxis is a diagnosis of exclusion,
matic people experience significantly more severe reacalthough it can be characterized by some unique symp-
tions to Hymenoptera stings than do nonatopic peéple. toms, such as the triad of syncope, abdominal symptoms,
The prevalence of atopy in a European white populatiorand onset during sleép.There were no characteristic
is 20%19 We found that 53% of Olmsted County resi- features in the history or physical examination that dis-
dents with an anaphylactic episode were atopic. Thusinguished anaphylaxis because of other/unknown causes
atopy appears to be more prevalent among persons expfgem those related to known triggers (Fig 1). The per-
riencing anaphylaxis than in the general population. centage of idiopathic anaphylaxis in our series (32%) is
We found a temporal relationship to a suspected allersimilar to that reported in another recent review (3¥s).
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Patients who experience recurrent anaphylaxis should k 4
seen immediately after each episode so that an accure
recall of items ingested, medications taken, and event ™
preceding the episode can be recorifed.

There are few data in the literature to compare with 6.
our case-fatality rate of 0.65% among all anaphylaxis
episodes. The fatality rate from penicillin anaphylaxis
reported by the US Public Health Service was 0.015% t
0.020%#4 The International Rheumatic Fever Study
Group2 reported a 0.2% incidence of anaphylaxis in 8.
1790 patients who received monthly intramuscular injec-
tions of benzathine penicillin. There were 2736 patient- o
years of observation and 1 patient death, for a case-fate

ity rate of 0.05%#2 Our case-fatality rate was based on 10.

only 1 death. Nevertheless, our case-fatality rate was 3
times greater than the US Public Health Service repor
and 13 times greater than that reported by the Interne
tional Rheumatic Fever Study Gro#p.

In summary, this is the first report of anaphylaxis from

all causes in a defined general population. We found a'*

incidence rate and occurrence rate of 21 and 30 pe

100,000 person-years, respectively. Of the anaphylaxiia.

cohort, 53% were atopic. An allergy consultation was

obtained for 52%, and an allergen was identified in 58%1>:

of the patients. Anaphylaxis is frequently unrecognizec, .

12.
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