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Background: Our institution has published serial studies of adults and adolescents with anaphylactic events. The
first series was published in 1993 and the last was published in 2006. It was our perception that the nature of
anaphylactic episodes had changed over the 2 decades since the last review.
Objective: To determine whether the etiologies and presentations of anaphylaxis have changed during the past
decade in our population.
Methods: Patient charts were identified based on International Classification of Diseases, Ninth Revision codes for
anaphylactic shock. Charts identified were analyzed for clinical symptoms reported, comorbidities, etiology,
investigative testing, and subsequent treatment. These cases were categorized as definitive, probable, or idio-
pathic based on history and results from testing, similar to our prior reports.
Results: We identified 281 possible cases, of which 218 met criteria for anaphylaxis. Of these cases, median age
was 42 years (range 9−78) and 64% were female. In the review of cases, 85 (39%) were determined to have a
definitive etiology, 57 were determined to have a probable etiology (26%), and 76 (35%) were idiopathic. Interest-
ingly, of those with a definitive cause, the most common etiology identified was galactose-a-1,3-galactose,
accounting for 28 cases (33%). Foods were the second leading cause, accounting for 24 cases (28%).
Conclusion: In this follow-up report on anaphylaxis etiology from a single center, the most common etiology
was galactose-a-1,3-galactose. This differs greatly from prior reports from our center. Interestingly, the percent-
age of cases attributed to idiopathic anaphylaxis decreased from 59% in our previous report to 35% in the present
report, which could largely be explained by the number of galactose-a-1,3-galactose cases.
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Introduction

The incidence of anaphylaxis in adults in America appears to be
increasing.1,2 In a public survey that included 1,000 unselected adults,
7.7% reported a history of a anaphylactic reaction. After applying
more stringent diagnostic criteria, it was estimated that 5.1% of this
population had a history of a “probable anaphylaxis” and 1.6% had a
history consistent with the existence of a “very likely” anaphylactic
event.

The investigators concluded that anaphylaxis is probably far more
common than previously recognized, with an estimated prevalence
of at least 1.6%. In addition, it is well recognized that anaphylactic
events are underdiagnosed and under-reported.3
Anaphylactic events in adults have different clinical characteristics
and etiologies than events in children.4 Events in adults are often
more complicated by the presence of comorbidities, especially cardio-
vascular disease and the drugs used to treat these diseases.5 In addi-
tion, events are far more often idiopathic in nature and related to
systemic diseases such as mastocytosis.6,7 Further, in more recent
cohorts, cases also could be related to the relatively new entity
caused by specific immunoglobulin E (IgE) to galactose-a-1,3-galac-
tose (a-gal).8

Recognizing the unique differences between pediatric and
adult cases of anaphylaxis, the allergy and immunology division
at our institution began reporting on a series of adolescents and
adults who developed anaphylactic events.9−13 The first report
appeared in 1993 and the most recent report was in 2006.9,11

Thus, approximately a decade has passed since we looked at this
issue. During that time, as noted earlier, the frequency of anaphy-
laxis has increased. To obtain a better sense of the magnitude of
this increase since 1993 (the date of our first report), we per-
formed a PubMed literature search using the keywords anaphy-
laxis in adults. In 1993, 153 articles were published as detected by
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Table 1
Demographics and Classification of Cohort

Entire cohort Definitive cause Probable cause Idiopathic

n (%) 218 85 (39.0) 57 (26.1) 76 (34.9)
Female, % 64 61 73.7 60.5
Age (y), median (IQR) 42 (30−56) 42 (27−59) 42 (27−57) 43 (32−56)
Concomitant atopic condition, % 73.4 80.0 78.9 61.8

Abbreviation: IQR, interquartile range.
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these keywords. In 2015, 285 such articles were noted, a finding
consistent with epidemiologic studies.

In addition, it was our belief that not only had there been an
increase in anaphylaxis in the adult and adolescent populations, but
also that the causes of these events had changed. In the approxi-
mately 2 decades since our previous publication, it has been recog-
nized that mast cell-activating disorders, including systemic
mastocytosis, could account for a significant number of events14,15

and, as noted earlier, IgE to a-gal has been found to account for epi-
sodes formerly believed to be idiopathic in nature.16

Because of the increase in frequency of anaphylactic events in
adults and adolescents and the difference in causes that have
occurred during the past 2 decades, we decided to once again review
adult and adolescent patients referred to our clinic during the past 2
decades. Another motivation concerned the limited publications
dealing solely with the clinical features of adults and adolescents
with anaphylaxis, most of which were published from sites outside
the United States.17−25 Also, most of these articles did not deal with
an eclectic series of patients presenting to an allergy and immunology
clinic, but rather focused on specific populations such as those with
events related to drugs,25 vaccines,24 or foods17,21 or patients requir-
ing hospitalization or treatment in the emergency department. Thus,
there was a need for a re-examination of the issue of anaphylaxis in
adults and adolescents referred to an outpatient allergy and immu-
nology clinic.
Methods

This is a retrospective study that was conducted in a private uni-
versity-affiliated allergy and immunology clinic. The patients were
seen from 2006 through 2016. The initial diagnosis of anaphylaxis
was established by 1 investigator (P.L.). Patients’ charts were identi-
fied based on International Classification of Diseases, Ninth Revision
code 995.0 for anaphylactic shock. This was the same coding used in
our previous reports from this center and coding that has been used
consistently in the clinic since that time. This study was approved by
the institutional review board of the University of Tennessee Health
Science Center (Memphis, Tennessee).

The charts of individual patients were reviewed by investigators
(D.P. and A.K.) and analyzed for demographics, clinical symptoms
reported, comorbidities, etiology, investigative testing, and subse-
quent treatment. The abstractors (D.P. and A.K.) consulted with the
investigator (P.L.) who made the initial diagnosis for clarification of
diagnosis and etiology of anaphylaxis, if deemed necessary. The diag-
nosis of anaphylaxis was confirmed using National Institute of Allergy
and Infectious Diseases (NIAID) and Food Allergy and Anaphylaxis
Network (FAAN) criteria. Cases that satisfied the criteria for anaphy-
laxis were included in the study. “Investigative testing” was per-
formed based on history and physical examination. Patients with
suspected food-related, latex-related, or exercise-induced origins
underwent skin prick testing and/or serum specific IgE testing to
foods and/or latex. For suspected cases of a-gal anaphylaxis, a-gal
IgE levels were obtained after testing for beef, lamb, and pork allergy.
For suspected cases of Hymenoptera and fire ant anaphylaxis, skin
testing with or without serum specific IgE was done. Patients without
any suspected trigger were evaluated for systemic mastocytosis using
serum tryptase and urinary histamine. Bone marrow and skin biopsy
examinations were performed as indicated. For select cases, KIT D816
mutational analysis was performed for systemic mastocytosis. We
looked further into the etiology of the cases and categorized them as
definitive, probable, or idiopathic based on history and results from
testing. The etiology is classified as “definitive” when a suspected
trigger is confirmed by diagnostic testing9 and “probable” when a
trigger is not established through clinical examination or diagnostic
testing to meet the “definitive” classification. In accord with our pre-
vious reporting, cases were classified as “idiopathic anaphylaxis”
when they did not fall into any of these categories. We kept these def-
initions the same as in previous studies to observe trends in etiologies
over time.

Descriptive analysis and statistics are displayed. There were no
comparisons requiring statistical software or calculations.
Results

Demographics

We identified 281 possible cases, of which 218 met the criteria for
anaphylaxis.26 Of these cases, the median age was 42 years (range 9
−78) and 64% were female. Only 4 patients were younger than 13
years. Most patients (73.4%) had a diagnosis of a concomitant atopic
disease. Demographics of the total cohort and the classification based
on etiology are presented in Table 1.
Causes

Of the 218 cases, we classified 85 (39.0%) as having a definitive
cause based on history and testing. Of the remaining cases, 57 (26.1%)
were classified as having a probable etiology and 76 (34.9%) were
idiopathic.

When examining those classified as having a definitive cause, we
found that 28 of the 85 cases (32.9%) were attributed to a-gal,
whereas foods accounted for 24 (28.2%). Causes for the remainder of
the 85 cases were attributed to venom (18.8%), exercise (5.9%), sys-
temic mastocytosis (5.9%), medications (4.7%), and other (3.5%). The
various etiologies are presented in Figure 1. Of the food triggers,
shellfish was the most common cause, followed by peanuts, tree nuts,
fish, and milk.

Of the cases with a probable cause, the most common culprit trig-
ger was foods (35.1%), followed by a-gal (26.3%), medications
(22.8%), other (10.5%), and venom (5.3%).
Symptoms

Skin manifestations were the most common, occurring in 96.3% of
cases. This was followed by respiratory symptoms (68.3%), neurologic
symptoms such as syncope or pre-syncope (53.2%), gastrointestinal
symptoms (37.2%), and cardiovascular symptoms (20.2%). By defini-
tion, all reactions had to have at least 2 organ systems involved (none
of our patients had documented hypotension in the absence of other
symptoms). The breakdown of the constellation and frequency of
symptom presentations in the entire cohort is presented in Table 2.



Figure 1. Etiologies of anaphylaxis based on proposed “definitive cause.” Alpha-gal,
galactose-a-1,3-galactose.
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Discussion

The findings presented in this study were obtained by retrospec-
tive analysis of medical records of anaphylaxis cases evaluated from
2006 through 2016. These cases included patients 9 to 78 years old
who were evaluated at a private university-affiliated allergy and
immunology practice. Through this analysis, we identified 218 cases
that fulfilled NIAID and FAAN clinical diagnostic criteria for anaphy-
laxis. Of these 218 anaphylaxis cases, 85 (39%) were determined to
have a definite etiology, 57 (26%) were found to have a probable etiol-
ogy, and 76 (35%) were noted to be idiopathic. Of the cases with a def-
inite etiology, the most common cause was a-gal (33%), followed by
Table 2
Affected Symptoms at Presentation for Entire Cohort

Dermatologic, % 96.3
Respiratory, % 68.3
Neurologic (eg, pre-syncope), % 53.2
Gastrointestinal, % 37.2
Cardiovascular, % 20.2
Symptom constellations, n (%)
D + R 59 (27.1)
D + R + N 33 (15.1)
D + R + G 20 (9.2)
D + N + G 20 (9.2)
D + N 14 (6.4)
D + R + G 13 (6.0)
D + G 11 (5.0)
D + N + C 9 (4.1)
D + C 8 (3.7)
D + R + N + C 8 (3.7)
D + N + G + C 5 (2.3)
D + R + N + G + C 3 (1.4)
D + R + G + C 3 (1.4)
D + R + C 3 (1.4)
R + G 2 (0.9)
R + C 2 (0.9)
R + N + G + C 1 (0.5)
R + N + G 1 (0.5)
D + G + C 1 (0.5)
N + G + C 1 (0.5)
R + N 1 (0.5)

Abbreviations: C, cardiovascular; D, dermatologic; G, gastrointestinal; N, neurologic; R,
respiratory.
foods (28%), venom (19%), exercise (6%), systemic mastocytosis (6%),
and medications (5%). The frequency of anaphylaxis causes in cases of
probable etiology was somewhat similar, with the most common
cause being foods (35%), followed by a-gal (26%), medications (23%),
and venom (5%). Sixty percent of those classified as having a defini-
tive cause had reported more than 1 episode of anaphylaxis to the
same agent. This percentage was smaller than for the entire cohort
(70% had >1 episode) but was not statistically significant.

Compared with previous reports from our center, idiopathic ana-
phylaxis cases decreased from 59% of cases reviewed from 1978
through 2003 to 35% of cases in the present report. This decrease in
idiopathic anaphylaxis cases likely stems from the discovery of an IgE
antibody response to the oligosaccharide a-gal as a cause of anaphy-
laxis to mammalian meat products. This phenomenon was first
described in 200827 and later described as a possible delayed anaphy-
laxis to meats and therefore a more common cause of anaphylaxis in
2009.28 Thus, this was unknown during the period of our previous
anaphylaxis review. With increased awareness and widely available
diagnostic testing for specific IgE to a-gal, a-gal allergy evolved from
an unknown entity to the most commonly identified cause of anaphy-
laxis in our present analysis. When reviewing the specific causative
foods for anaphylaxis in our prior study, beef and pork were identi-
fied in 9% of cases and could have represented an a-gal allergy that at
that time was yet to be discovered. Because a-gal is a delayed ana-
phylaxis, it likely was classified as idiopathic in most cases, because
the history would not have always led to a food as being responsible.
An additional factor that could have contributed to the high fre-
quency of identified a-gal allergy in our study population relates to
the geographic location of our center. IgE antibodies to a-gal are
caused by bites of larval or adult Lone Star ticks, and our center is
located in the central area of geographic distribution of Lone Star ticks
in the United States.29

Apart from the increase in identified a-gal allergy, the other
important difference that could account for the increase in identifi-
able causes of anaphylaxis and a decrease in idiopathic anaphylaxis
cases is the increased recognition and diagnosis of systemic mastocy-
tosis and other mast cell-related disorders. Symptoms associated
with mast cell disorders are widespread and include urticaria, angioe-
dema, flushing, pruritus, respiratory difficulty, hypotension, and gas-
trointestinal distress.30 Anaphylactic episodes occur in 30% to 40% of
patients with mastocytosis and can be recurrent and unpredictable.31

Knowledge about mast cells and mastocytosis has increased during
the past decade, and consensus classification and diagnostic criteria
have been established allowing for improved evaluation and
diagnosis.32

With the exception of a-gal andmastocytosis, the present analysis
showed similar frequencies of anaphylactic causes as found previ-
ously. After excluding a-gal allergy, foods remained the next most
commonly defined cause for anaphylaxis. Among the causative foods,
shellfish was the most common, followed by nuts and fish. After
foods, causative agents in decreasing frequency were venoms, exer-
cise, and medications. Cases of venom allergy were excluded from
review in our prior report, so a comparison cannot be made with the
present analysis. Foods, venoms, and medications consistently have
been found to be the most common etiologies for anaphylaxis in
other recent reviews.33−35 Interestingly, if one were to include a-gal
cases in foods, then foods would have accounted for most cases (61%
of cases considered to have a definitive cause). This would be much
higher than in other studies, especially those evaluating patients in
the emergency department.33−35

Interestingly, medications accounted for a small percentage (5%)
of definitive cases but a larger percentage of probable cases (22%).
This finding likely points to the fact that current testing remains lack-
ing for drug allergy, with no test approved by the Food and Drug
Administration for drug testing beyond penicillin. In addition, drug
challenges were not done in many cases because of the history of
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anaphylaxis. Thus, it is likely that with better testing for drug allergy,
many cases of suspected drug-induced anaphylaxis would be reclassi-
fied as “definitive.”

Analysis of clinical manifestations of anaphylaxis in our cohort
showed that skin manifestations were the most common (96.3% of
cases), followed by respiratory symptoms (68.3%), neurologic symp-
toms (53.2%), gastrointestinal symptoms (37.2%), and cardiovascular
symptoms (20.2%). These frequencies are similar to those found in
our previous review9 and are consistent with those noted in previous
studies.33−35 The consistency of these symptoms across multiple
studies highlights these key clinical features of anaphylaxis, and these
clinical manifestations in turn have been incorporated into the NIAID
and FAAN diagnostic criteria for anaphylaxis.

A number of limitations of our study should be noted. The retro-
spective nature could have limited the number of anaphylaxis cases
identified, and the available data reviewed might not have been suffi-
cient to identify etiologies or other clinical features. All patients
included for study were evaluated at a private university-affiliated
allergy and immunology outpatient practice located in the southeast-
ern United States. Thus, our findings might not be generalizable to
other practice settings. However, for primary anaphylaxis etiologies,
only the high frequency of a-gal allergy found in our cohort appears
to differ from common anaphylaxis etiologies found in other reviews.
Moreover, because most patients were not challenged, one could
argue that some cases were misclassified. Also, we do not have fol-
low-up data for patients with a-gal allergy to see if their symptoms
were alleviated after avoiding mammalian meat.

In summary, we conducted a retrospective analysis of anaphylaxis
cases evaluated over a 10-year period at our private university-affili-
ated allergy and immunology outpatient practice and compared our
findings with those noted in our same practice from a previous 25-
year period. Allergy to a-gal as the most commonly identified cause
of anaphylaxis represented the most striking difference over time.
Increased identification of systemic mastocytosis in our present
review was another important distinction. Epidemiologic studies of
this nature will aid in the evaluation of anaphylaxis to determine a
specific etiology and could decrease the number of cases deemed
idiopathic.
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