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KEY POINTS

� Allergic reactions and anaphylaxis occur on a severity continuum from mild and self-
limited to potentially life-threatening or fatal reactions.

� The most common causes of anaphylaxis are food, medications, and stinging insects.

� Rates of anaphylaxis-related emergency department visits and hospitalizations are
increasing though fatal anaphylaxis is rare.
INTRODUCTION

Anaphylaxis is a potentially life-threatening allergic reaction. Since its initial descrip-
tion by Charles Richet and Paul Portier in 1902,1 our understanding of anaphylaxis
has grown in terms of its epidemiology and underlying causes.

ANAPHYLAXIS EPIDEMIOLOGY

The overall global incidence of anaphylaxis is reported to be between 50 and 112 ep-
isodes per 100,000 person-years2 and the global incidence among children has been
estimated to range from 1 to 761 per 100,000 person-years.3 The lifetime prevalence
of anaphylaxis ranges from 0.3% to 5.1%.2,4 Data from Europe reported that more
than a quarter of anaphylaxis cases occurred in those younger than 18 years of age.5

Time Trends

In the United States (US), a retrospective study6 based on administrative claims data
found that emergency department (ED) visits for anaphylaxis increased by 101% be-
tween 2005 and 2014. During that same time frame, hospitalizations for anaphylaxis in
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the US increased by 37.6%.7 This mirrors global trends whereby increasing
anaphylaxis-related hospitalizations have been reported in Europe,8,9 the United
Kingdom (UK),10 and Australia.11 Hospital admission rates differ by country with the
highest rates in Australia and lowest rates in the US and Spain. In the US, less than
20% of anaphylaxis-related ED visits are admitted (observation or hospital ward).7

This is likely due to differences in admission thresholds between countries and the
emergence of observation units, particularly in the US, which may not be coded as
an admission.12

Despite increases in anaphylaxis hospitalizations, anaphylaxis fatalities in the US
have been low and stable at about 0.63 to 0.75 per million adults per year. Overall,
anaphylaxis-related fatalities account for an estimated 1% of hospitalizations and
0.1% of ED visits for anaphylaxis.13 The top 3 causes of fatal anaphylaxis in adults
are medications (38%–58.8%),11,14 insect venom (15.2%-18%),11,14 and foods
(6.7%).11,14 African American ethnicity and older age have been associated with fatal
anaphylaxis, with fatal venom-related anaphylaxis more common in males and
Caucasians.13

Common Triggers

Food is the most common trigger for anaphylaxis-related hospitalizations and highest
in the pediatric population (age <18 years). The most common specific food trigger
varies by age group with cow’s milk more common in infants, peanuts in children,
and shellfish and tree nuts in young adults and adults.15 In the US, ED visits for
food-induced anaphylaxis increased by 214% (P < .001) from 2005 to 2014 with the
highest rates reported in infants and toddlers (age 0–2 years).6 This supports other
studies published in Spain9 and Canada16 whereby rates of anaphylaxis in children
ages 0 to 4 years were 3 times greater than those among older age groups. Pediatric
patients represent a vulnerable patient population as the diagnosis of food induced
anaphylaxis in infants and children can be very challenging. Younger patients also
may not have a prior diagnosis of food allergy and may present either with a subtle
or delayed clinical presentation. Consequently, caregivers and health care providers
must maintain a high level of suspicion when evaluating pediatric patients for reactions
in the context of a food exposure.17

Mediations are another common trigger for anaphylaxis. Adverse drug reactions
occur in up to 10% of the general population and of those 10% are drug hypersensi-
tivity reactions.18 The most common drug triggers in the US are antibiotics (penicillin,
cephalosporins, and sulfonamides), nonsteroidal anti-inflammatory drugs (NSAIDs),
biologics, and immunomodulators.19–21 Medications are the most common cause of
fatal anaphylaxis in the US14 and elsewhere including Brazil, New Zealand, Australia,
and the UK. In contrast to other allergic triggers, rates of fatal medication-induced
anaphylaxis are increasing.14 Data from the UK fatal anaphylaxis registry reported
that many of those with fatal drug anaphylaxis had no prior indication of drug allergy
suggesting that the first reaction can be fatal.22,23

Stinging insects are a common trigger in both pediatric and adult patient popula-
tions. Systemic reactions to insect stings may affect up to 0.8% of children and 3%
of adults with at least 40 fatal stings per year nationally.24 The most common insect
triggers include hymenopterans (yellow jacket, hornet, wasp, honeybee and imported
fire ant). Venom specific triggers differ by region with wasp more common in Austria,
Germany, and central Europe5 whereas honeybee is more common in South Korea.25

The incidence of insect allergy has increased in some areas and decreased in others,
which experts have attributed to multiple factors including insect migration, climate
change, and the encroachment of humans into new habitats.26 Although insect allergy
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is more common in young adults, fatal anaphylaxis due to insect stings is more likely to
occur in adults older than 45 years of age, likely related to comorbidities and impaired
compensatory mechanisms.27 Similar to drug induced reactions, published data from
the UK fatal anaphylaxis registry22,23 suggest that the initial venom-induced anaphy-
lactic reaction can be fatal.

Differential Diagnosis

Anaphylaxis phenotypes
Castells28 published a new classification scheme for anaphylaxis based on pheno-
typic presentations and on underlying endotypes. The phenotypes are defined by clin-
ical presentation into 4 types: (1) type I-like reactions, (2) cytokine storm-like reactions,
(3) mixed reactions, and (4) complement reactions (Fig. 1). Type I-like reactions pre-
sent with a spectrum of signs and symptoms including pruritus, hives, flushing, short-
ness of breath, vomiting, and cardiovascular collapse and may be due to both
immunoglobulin E (IgE)- and non–IgE-mediated mechanisms. Typical IgE-mediated
triggers include foods, medications, and Hymenoptera venoms. Non–IgE-mediated
reactions may occur through mast cell mediator release via the Mas-related G
protein-coupled receptor X2 (MRGPRX2), a newly described G-coupled receptor
Fig. 1. Pathways of anaphylaxis. Phenotypes of anaphylaxis include type I reactions, cyto-
kine storm-like reactions, and mixed reactions. Endotypes of anaphylaxis include IgE- and
non–IgE-mediated reactions, direct mast cell and basophil activation, cytokine release,
and mixed reactions. Biomarkers include tryptase, histamine, and other mast cell/basophil
mediators, as well as cytokines, such as TNF-a, IL-1b, and IL-6. Desensitization is indicated
in type I reactions and selected cases of cytokine storm and mixed reactions but not in direct
mast cell/basophil release. (From Castells M. Diagnosis and management of anaphylaxis in
precision medicine. J Allergy Clin Immunol. 2017 Aug;140(2):321 to 333.)
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expressed on mast cells. Drugs with tetrahydroisoquinoline (THIQ) motifs, which
include quinolone antibiotics (eg, levofloxacin and ciprofloxacin) along with
neuromuscular-blocking agents (eg, atracurium and rocuronium) have been shown
to directly activate mast cells via the MRGPRX2 receptor. IgG-dependent pathways
is another mechanism of non–IgE-mediated reactions as animal models and human
observational studies have shown that IgG alone and in immune complexes can acti-
vate mast cells and contribute to anaphylactic reactions.29 Rituximab and other
chimeric IgG monoclonal antibodies can trigger histamine and tryptase release poten-
tially supporting the role of IgG in anaphylactic reactions.28

In contrast, cytokine storm-like reactions, the second type of anaphylaxis in the
aforementioned scheme, present with fever, chills, headache, malaise and may be fol-
lowed by hypotension, oxygen desaturation, and myocardial dysfunction. Severe
cases may lead to disseminated intravascular coagulation and multi-organ failure.
Such reactions are due to the release of proinflammatory mediators IL-1b, IL-6, and
TNF-a. Monoclonal antibodies and chemotherapy agents such as oxaliplatin are trig-
gers for these types of reactions. Corticosteroid and COX-1 inhibitor pretreatment do
not prevent severe reactions but have been used to decrease intensity. When reac-
tions present with a combination of type 1 and cytokine storm like reactions (eg, hives,
swelling, fever, chills, hypotension, and desaturations), they are labeled as mixed re-
actions (type 3). Monoclonal antibodies and chemotherapy agents are causes of
mixed reactions.
The fourth anaphylaxis phenotype is due to direct mast cell activation as can occur

with vancomycin or through complement activation by contrast dyes, oversulfated
chondroitin sulfate, and glycosaminoglycans. Patients with this phenotype may pre-
sent with hives, oxygen desaturation, and hypotension.

Exercise-induced anaphylaxis
In addition to foods, drugs, and Hymenoptera venom, exercise is another important
trigger for anaphylaxis. Exercise-induced anaphylaxis (EIA) reportedly occurs in up
to 3% of all anaphylaxis cases.30 EIA is subcategorized into (1) drug-dependent exer-
cise-induced anaphylaxis (DDEIA), (2) food-independent exercise-induced anaphy-
laxis (FIEIA), and (3) food-dependent exercise-induced anaphylaxis (FDEIA) with and
without IgE sensitivity. In terms of its natural history, for most patients with EIA the fre-
quency of attacks tends to stabilize (46%) or decrease (47%).31

In cases of FIEIA, exercise is the only trigger with the most common reported exer-
cise activities being running, brisk walking, biking, racquet sports, intense gardening,
and vigorous dancing.30 In DDEIA, the combination of drug intake with exercise trig-
gers anaphylaxis. The most common drug triggers are NSAIDs with cases of cepha-
losporins reported.30

FDEIA is a disorder in which anaphylaxis develops when exercise takes place
within a few hours of ingesting a specific food. Frequently cited food triggers in West-
ern populations include wheat with the major protein epitope omega-5-gliadin, other
grains, and nuts. In Asian populations, wheat and shellfish are most common though
other foods including seeds, vegetables, fruits, meats, cow’s milk, and egg have
been reported.32 Whether exercise increases the absorption of the allergen33 or
lowers the activation threshold of mast cells and basophils34 remains unclear, as
the specific mechanism of FDEIA has not been elucidated. FDEIA is considered a
postprandial event and patients are recommended to avoid exercise for to 4 to
6 hours after eating a known food trigger, to lower exercise intensity after eating,
to avoid exercising in extreme temperatures, and to carry an epinephrine autoinjector
when exercising.32
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Recently, the induction of anaphylaxis has been described with the combination of
food ingestion and nonexercise augmenting factors. These observations have given
rise to the concept of “augmentation factor-triggered food allergy,35” and highlight
the importance of cofactors in facilitating anaphylaxis.32,36 Augmenting factors include
alcohol, menstruation, acute infections, and medications specifically NSAIDs and ant-
acids. As these factors may lower the reaction threshold and increase reaction
severity, cases of anaphylaxis should be evaluated for augmenting factors as they
play an important role in the development of allergic reactions.36

Idiopathic anaphylaxis
When no trigger is identified, anaphylaxis is classified as idiopathic. Idiopathic
anaphylaxis (IA) accounts for up to 30% to 60% of cases of anaphylaxis in adults
and up to 10% of cases in children.37–39 IA occurs more commonly in women than
in men.37 Those with IA have a high frequency of atopy as 48% of IA patients have
food allergy, allergic rhinitis, or other atopic condition.40 It is a diagnosis of exclusion
as systemic mastocytosis and other mast cell disorders need to be ruled out. In addi-
tion, over the last decade, sensitivity to novel allergens such as the oligosaccharide
galactose-alpha-(1,3)-galactose (a-gal) have reclassified previous cases of IA.41

a-Gal anaphylaxis
Sensitization to a-gal has been classically associated with 2 distinct presentations: (1)
immediate hypersensitivity reaction to cetuximab and (2) delayed anaphylaxis to red
meat (noncatarrhine mammalian meat). The unique delayed reaction is thought to
be due to the digestive processes required to expose the carbohydrate moiety.42

Cases of a-gal have been reported in the US and worldwide including Australia, Japan,
Africa, and Europe.43 Sensitization to a-gal occurs via tick bites with the lone star tick
(Amblyomma americanum) being the relevant tick species in the US (Fig. 2).43 In a sin-
gle center retrospective study, a-gal was the most common cause of anaphylaxis. On
a follow-up report from the same center, the percentage of IA cases decreased from
59% in their previous report to 35%, which the authors attributed to the recognition of
a-gal cases.39,41 Additional research is needed to identify additional novel allergens to
further clarify cases of IA.

Non-allergic mimics of anaphylaxis
The differential diagnosis of anaphylaxis is broad and includes flushing syndromes
(pheochromocytoma, carcinoid tumor, medullary carcinoma of the thyroid, and vaso-
vagal reactions), restaurant syndromes (scombroidosis and monosodium glutamate
ingestion reactions), and nonorganic disease (Munchausen stridor, vocal cord
dysfunction, and panic attack).15 A more comprehensive list of nonallergic differential
diagnoses is listed in Box 1.

Diagnostic Challenges

Anaphylaxis is underrecognized and underdiagnosed.44,45 Anaphylaxis is frequently
missed in patients seen in the ED, undergoing anesthesia and surgery, and those
treated with biologic agents such as monoclonal antibodies and chemotherapy.28

This is likely due to the myriad of associated diagnostic challenges and the sponta-
neous recovery of the majority of affected individuals. Anaphylaxis lacks a clinically
useful definition and a reliable, diagnostic biomarker. There exists a disconnect in
how anaphylaxis has been defined traditionally based on IgE, mast cells, and baso-
phils and how the diagnosis of anaphylaxis is applied clinically. In fact, a round table
meeting46 of ED providers concluded, “the traditional mechanistic definition of
anaphylaxis is not useful.”



Fig. 2. Summary of a-Gal sensitization leading to clinical symptoms of red meat allergy. The
southeastern section of the US is where most of the reactions to meat derived from non-
primate mammals (eg, beef, lamb, or pork) have been reported. This region overlaps with
the distribution of the Lone Star tick, Amblyomma americanum. The current hypothesis is
that people are bitten by Lone Star ticks carried by deer into rural and urban areas.
Following a period of time, IgE to a-Gal develops. Once specific-IgE to a-Gal reaches suffi-
cient levels, ingestion of red meat can trigger reactions. (Adapted from Steinke JW,
Platts-Mills TA, Commins SP. The alpha-gal story: lessons learned from connecting the
dots. J Allergy Clin Immunol. 2015 Mar;135(3):589-96; quiz 597.)
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In addition, although there have been numerous national and international guide-
lines published, the lack of consensus between these guidelines compounds current
challenges. For example, a food-induced reaction that results in persistent vomiting
and dyspnea (without bronchospasm) would constitute anaphylaxis under NIAID/
FAAN criteria.47 However, under guidelines published in the UK48 and Australia,49

these presenting symptoms would not meet anaphylaxis criteria given the absence
of mucocutaneous manifestations.50 Refinements to the NIAID/FAAN clinical criteria
were recently proposed by the WAO Anaphylaxis Committee51 but the impact on clin-
ical management is unknown.
In addition, beyond establishing consensus guidelines, efforts to disseminate these

recommendations to address knowledge, and practice gaps are needed. In a cross-
sectional survey of over 3000 paramedics in the US, 98% correctly identified a “classic
case” in which a patient presented with urticaria, itching, and angioedema after expo-
sure to penicillin. However, only 2.9% were able to identify an atypical case without
the usual skin findings or a known allergen exposure.
A lack of available point of care testing represents another diagnostic challenge.

Although anaphylaxis is a clinical diagnosis, the use of biomarkers may support the
diagnosis and assist clinicians in differentiating anaphylaxis from potential mimics.



Box 1

Differential diagnosis of anaphylaxis

Neurologic/autonomic dysregulation
1. Vasovagal and vasodepressor reactions
2. Postural orthostatic tachycardia syndrome
3. Seizure
4. CVA

Cardiovascular
1. Cardiogenic shock
2. Hemorrhagic shock
3. Vasodilatory/distributive/endotoxic shock
4. Capillary leak syndrome (hypovolemic shock)
5. Pulmonary embolus

Endocrine/flushing
1. Carcinoid
2. Pheochromocytoma
3. VIP-secreting tumors
4. Thyroid medullary carcinoma
5. Menopause (flushing, hot flashes)
6. Hypoglycemia

Iatrogenic/drugs
1. Vancomycin (Red Man syndrome)
2. Niacin (flushing)
3. General and spinal anesthetics (hypotension)

Toxic
1. “Restaurant syndromes”

a. Scombroidosis
b. MSG

2. Alcohol
3. Sulfites

Hematologic/malignant
1. Systemic mastocytosis
2. Urticaria pigmentosa
3. Basophil leukemia
4. Acute promyelocytic leukemia with tretinoin treatment

Immunologic
1. Bradykinin-mediated angioedema

Infection
1. Hydatid cyst (Echinococcus granulosus)
2. Sepsis/septic shock

Psychosomatic/functional disorders
1. Panic attack
2. Factitious anaphylaxis

a. Munchausen stridor
3. Undifferentiated somatoform anaphylaxis
4. Vocal cord dysfunction

Abbeeviations: C1, complement 1; C4, complement 4; CBC, complete blood count; CVA, cere-
brovascular accident; EtOH, ethanol; FSH, follicle-stimulating hormone; 5-HIAA, urine 5-hy-
droxy indole acetic acid; LH, luteinizing hormone; MSG, monosodium glutamate; RHC, right
heart catheterization; TTE, transthoracic echocardiogram; VIP, vasoactive intestinal peptide.

Adapted from LoVerde D, Iweala OI, Eginli A, Krishnaswamy G. Anaphylaxis. Chest. 2018
Feb;153(2):528-543.
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The main biomarker currently available is serum tryptase.20 Serum tryptase is
increased 30 minutes following the onset of a reaction, peaks 1 to 2 hours after reac-
tion onset, and remains elevated up to 6 to 8 hours.28 However, although tryptase is
recommended by current guidelines, it is not useful for ED providers as results are
typically not available in time to guide clinical decision-making. In addition, although
its positive predictive value is high (93%), total serum tryptase has a low negative pre-
dictive value.52 Moreover, tryptase is often not elevated in cases of food-induced
anaphylaxis. Additional biomarkers, such as platelet activating factor, chymase, che-
mokine ligand-2, and carboxypeptidase A3, are being studied but are difficult to mea-
sure.53 Future studies are needed to identify additional candidate biomarkers along
with examining the sensitivity and specificity of using combinations of biomarkers.
In addition, the barrier of obtaining timely biomarker results to facilitate clinical deci-
sion making needs to be addressed.

New Advances in Anaphylaxis

Updated anaphylaxis treatment recommendations were published in 2020. Based on
a recently updated Joint Task Force on Practice Parameters (JTFPP),19 routine use of
postevent glucocorticoids and antihistamines is no longer recommended as an inter-
vention to prevent biphasic anaphylaxis. The benefit of glucocorticoids and antihista-
mines in the acute management of anaphylaxis and in the prevention of biphasic
anaphylaxis has not been established.54,55 In addition, studies have raised concerns
Box 2

Clinical criteria for diagnosing persistent, refractory, and biphasic anaphylaxis

Persistent anaphylaxis is highly likely when the following criterion is fulfilled: a

1. Presence of symptoms/examination findings that fulfil the 2006 NIAID/FAAN anaphylaxis
criteria that persist for at least 4 h1

Refractory anaphylaxis is highly likely when both of the following 2 criteria are fulfilled: b

1. Presence of anaphylaxis following appropriate epinephrine dosing and symptom-directed
medical management (eg, IV fluid bolus for hypotension).

2. The initial reaction must be treated with 3 or more appropriate doses of epinephrine (or
initiation of an IV epinephrine infusion). c

Biphasic anaphylaxis is highly likely when all of the following 4 criteria are fulfilled: d

1New/recurrent symptoms/examination findings must fulfil the 2006 NIAID/FAAN
anaphylaxis criteria.1

2. Initial symptoms/examination findings must completely resolve before the onset of new/
recurrent symptoms/examination findings.

3. There cannot be allergen reexposure before the onset of new/recurrent symptoms/
examination findings.

4. New/recurrent symptoms/examination findings must occur within 1–48 h from complete
resolution of initial symptoms/examination findings.

a The diagnosis of persistent anaphylaxis is independent of the management of the initial
reaction.

b Refractory anaphylaxis is not dependent on the duration of symptoms/examination findings.

c Appropriate epinephrine dosing: 0.01 mg/kg IM epinephrine, maximum single dose 0.5 mg.
Also includes manufacturer recommended dosing for epinephrine auto-injectors.

d The diagnosis of biphasic anaphylaxis is independent of the management of the initial
reaction.

From Dribin TE, Sampson HA, Camargo CA, Jr., et al. Persistent, refractory, and biphasic anaphy-
laxis: A multidisciplinary Delphi study. J Allergy Clin Immunol 2020;146(5):1089-96.



Fig. 3. Severity grading system for acute allergic reactions. aFor patients with multiple symptoms, reaction severity is based on the most severe symp-
tom; symptoms that constitute more severe grades always supersede symptoms from less severe grades. The grading system can be used to assign re-
action severity at any time during the course of reactions; reactions may progress rapidly (within minutes) from one severity grade to another. The
grading system does not dictate management decisions; reactions of any severity grade may require treatment with epinephrine. bPatients with severe
cardiovascular and/or neurologic involvement may have urinary or stool incontinence. However, the significance of incontinence as an isolated symp-
tom is unclear, and it is therefore not included as a symptom in the subgrading system. cAbdominal pain may also result from uterine cramping. (From
Dribin TE, Schnadower D, Spergel JM, et al. Severity grading system for acute allergic reactions: A multidisciplinary Delphi study [published online
ahead of print, 2021 Jan 19]. J Allergy Clin Immunol. 2021;S0091-6749(21)00047-6.)
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regarding the harmful effects of glucocorticoids.56 The most recent European Acad-
emy of Allergy and Clinical Immunology guidelines57 have moved antihistamines
from second line to a third line measure to treat cutaneous anaphylaxis symptoms.
The role antihistamines and glucocorticoids in the acute management of anaphylaxis
will need to be further clarified.12

In addition, the JTFPP also recommends an extended observation for those with
risk factors for biphasic anaphylaxis or increased risk of anaphylaxis fatality (eg,
resolved severe anaphylaxis, those requiring more than one dose of epinephrine, car-
diovascular comorbidity, lack of access to epinephrine or emergency medical ser-
vices, or poor self-management skills). Data are lacking regarding the optimal
observation duration that is cost-effective.
To address the use of inconsistent definitions for anaphylaxis outcomes, a multidis-

ciplinary panel proposed consensus definitions for persistent, refractory, and biphasic
anaphylaxis as well as a severity grading system for acute allergic reactions58,59

(Box 2 and Fig. 3). Validation with subsequent dissemination and application of these
definitions and grading scale will aid in standardizing the terminology used to describe
anaphylaxis outcomes and severity. Consistent diagnosis will advance anaphylaxis
clinical care and outcome research.

SUMMARY

Since its initial description 120 years ago, our understanding of anaphylaxis has
grown. The discovery of novel allergens such as a-gal and recently updated guidelines
exemplify the progress made in improving our understanding and management of
anaphylaxis. However, as anaphylaxis continues to be underrecognized and under-
diagnosed, it is likely that anaphylaxis is far more common than previously and
currently reported. Efforts to address deficiencies such as the need for biomarkers
and establishing international consensus definitions and guidelines are necessary to
improve the diagnosis and management of anaphylaxis.

CLINICS CARE POINTS

� Rates of anaphylaxis-related ED visits and hospitalizations are increasing.

� Triggers for anaphylaxis include food, medications, Hymenoptera, exercise, and a novel
allergen a-gal.

� Recognition of anaphylaxis endotypes provides insight into underlying mechanisms
responsible for anaphylaxis phenotypes.

� The diagnosis of anaphylaxis is challenging due to the lack of a universally accepted
definition, lack of consensus between published guidelines, and lack of available point of
care testing.

� Recent practice guidelines have recommended against the routine use of systemic
corticosteroids and antihistamines to prevent biphasic anaphylaxis and have
recommended an extended observation for those with increased risk of a biphasic reaction
or anaphylaxis fatality.
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