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Abstract: Anaphylaxis is an increasingly prevalent problem in westernized countries. Therefore, 

it is of utmost importance that the increasing numbers of patients at risk for anaphylaxis receive 

proper education on the etiology and risk factors as well as appropriate treatment of anaphylaxis 

with epinephrine. The physician’s role is crucial in order to educate the patients and care takers 

on effective measures to prevent anaphylaxis and empower them to take charge of early recogni-

tion and proper management of an anaphylactic reaction to prevent poor outcomes. This review 

summarizes the clinical presentation, triggers, avoidance, and management of anaphylaxis.
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Introduction
Anaphylaxis has been defined as “a serious allergic reaction that is rapid in onset and 

may cause death”.1 In two recent cross-sectional, random-digit telephone surveys in 

a predominantly adult population in the United States, the incidence of anaphylaxis 

was estimated to be probable in 5.1%, and likely in 1.6% of participants.2 In an older 

study, the incidence of anaphylaxis was reported to be 21 per 100,000 person-years, 

and the occurrence rate to be 30 per 100,000 person-years.3 The rate of triggers varies 

between studies and age groups, but food-induced anaphylaxis is the leading single 

cause of anaphylaxis treated in emergency departments in the United States, especially 

in childhood; while drugs and insect venom are more common triggers for adults. As 

an example, food-induced anaphylaxis represents 15%–57% of cases of anaphylaxis 

presenting to the emergency department4 and up to 50%–80% of anaphylactic reac-

tions in children.5,6 It has been estimated that up to 200 deaths are due to food-induced 

anaphylactic reactions,7 while 40–50 fatal stings occur each year in the United States.8 

Admission rates of anaphylaxis showed a fourfold increase between 1990 and 2006 in 

children in the state of New York,9 suggesting that anaphylaxis is on the rise.

Clinical presentation
The majority of reactions occur within 1 hour of exposure, but the onset of symptoms 

may occur a few hours after exposure to the ingested allergen.7  Pathophysiologically, ana-

phylaxis is triggered by allergens binding to allergen-specific  immunoglobulin E (IgE).10 

The allergens bind to high-affinity IgE receptors present on the surface of sensitized 

effector cells such as mast cells (in tissues) and basophils (in peripheral blood). 

Aggregation and cross-linking of the receptor lead to a signaling cascade, triggering 

the release of preformed and newly synthesized mediators from mast cell and basophil 

Jo
ur

na
l o

f A
st

hm
a 

an
d 

A
lle

rg
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/JAA.S48611
mailto:jarvink@mail.amc.edu


Journal of Asthma and Allergy 2014:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

96

Järvinen and Celestin

granules. These mediators exert effects on a host of different 

target organs, leading to the clinical manifestations of ana-

phylaxis. Reactions that clinically resemble anaphylaxis but 

are not mediated by specific IgE antibodies are considered 

to be anaphylactoid. Anaphylactoid reactions such as those 

caused by radiographic contrast material may be difficult to 

differentiate clinically from anaphylactic reactions. They may 

be caused by direct stimulation of mast cells and respond to 

pretreatment regimens consisting of oral glucocorticoids, 

H1 and H2 antihistamines, and adrenergic drugs such as 

ephedrine.11

Systemic reactions cause signs and symptoms in at least 

two organ systems, such as cutaneous (generalized hives, 

angioedema, flushing, or pruritus), respiratory (throat tight-

ness, dysphagia, hoarseness, change in voice, wheezing, 

cough, or difficulty breathing), circulatory (dizziness, 

hypotension, loss of consciousness, or shock), gastroin-

testinal (abdominal pain, nausea, or vomiting), or uterine 

cramping. Less frequently, cardiac anaphylaxis may cause 

vasospasm, tachyarrhythmia, or bradycardia (Table 1). The 

diagnosis of anaphylaxis may be missed in the absence of 

cutaneous symptoms. The clinical presentation may differ 

depending on the etiology. In food-induced anaphylaxis, 

symptoms from the gastrointestinal tract (vomiting, diar-

rhea, and abdominal cramps) are more common, whereas the 

cardiovascular system (hypotension, passing out, and shock) 

is less often affected in anaphylaxis from other causes.12,13 In 

venom-induced anaphylaxis, systemic reactions from a large 

number of stings may be caused by the toxic effects from 

the vasoactive substances and are clinically indistinguishable 

from acute systemic allergic reactions.14

The clinical presentation, including the onset of symp-

toms, clinical severity, and sequence of symptom progres-

sion, varies between individuals. Reactions may even vary 

in the same individual between episodes, depending on 

the amount of allergen exposed to (eg, amount of food 

or drug, or number of stings), age, consumption of food/

drug on an empty versus full stomach, concurrent illness, 

exercise, and consumption of alcohol or medications.15,16 

Features of anaphylaxis also differ between children and 

adults. More than 90% of adults have cutaneous symptoms 

with anaphylaxis, whereas only 80% of children do.17 

Children more often present with respiratory symptoms, 

whereas adults more frequently experience cardiovascular 

compromise.17

Triggers and their avoidance
Food-induced anaphylaxis
The most common food allergens causing reactions in chil-

dren include milk, eggs, wheat, soy, peanuts, tree nuts, fish, 

and shellfish; whereas allergies to peanuts, tree nuts, fish, 

and shellfish are more commonly found in adults. Peanuts, 

tree nuts, and shellfish are the most commonly implicated 

foods in anaphylaxis, although, milk and eggs have emerged 

among common triggers, especially in children.6,18 In addi-

tion, lipid transfer protein found in fruits such as peach is 

a common trigger of food-induced anaphylaxis in southern 

Europe.19 Lastly, Commins et al20 identified 24 patients 

with a history of delayed onset of anaphylaxis or urticaria 

occurring 3–6 hours after the ingestion of meat, who have 

IgE antibodies to galactose-alpha-1,3-galactose (alpha-gal), 

a carbohydrate commonly expressed on non-primate mam-

malian proteins. The diagnosis of food allergy is based on 

clinical history, measurement of food-specific IgE in the 

serum, by skin-prick testing, and confirmatory oral food 

challenge.

While most cases of pediatric anaphylaxis occur in the 

home,13,21,22 about 20% of the reactions in children occur 

at school.22,23 The first reactions to foods typically occur 

at home, with subsequent reactions occurring outside of 

the home. In comparison with initial reactions, subsequent 

reactions due to accidental ingestion in nut allergy are more 

severe, more common outside the home, and more likely to 

be treated with epinephrine.24 Reactions to foods in adults 

are more likely to happen in a restaurant.25 Food consumed 

from commercial catering accounts for 68% of reactions 

caused by nuts.26

Table 1 Clinical presentation of anaphylaxis

Organ system Signs and symptoms

Cutaneous Pruritus, urticaria, erythema, morbilliform rash, 
angioedema

Ocular Pruritus, eyelid edema and erythema, conjunctival 
injection, oculorrhea

Respiratory tract 
  Nasal 

Laryngeal

 Chest

 
Nose/ear pruritus, rhinorrhea, sneezing, congestion 
Throat pruritus and/or tightness, stridor,  
hoarseness, change in voice, barky cough 
Cough, wheezing, dyspnea, chest tightness, cyanosis

Gastrointestinal 
  Oral

 Lower Gi

 
Pruritus and or edema of the lips/mouth/tongue, 
metallic taste, difficulty swallowing 
Nausea, vomiting, crampy abdominal pain, diarrhea

Cardiovascular Tachycardia, arrhythmia, dizziness, syncope, chest 
pain, hypotension, shock

Neurologic Anxiety, change in behavior, headache, seizure, 
urinary/fecal incontinence, altered consciousness

Other Diaphoresis, uterine contractions in women, 
sense of “pending doom”

Note: Modified from Wang and Sampson.15
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Educating patients regarding dietary avoidance of the 

food(s) known to cause anaphylaxis is challenging but very 

important. Involving a dietician specialized in food aller-

gies in the care of food allergic patients may be especially  

useful. Avoidance measures include reading of the package 

labels and understanding advisory labeling. It is likewise 

important to always ask questions regarding any food to 

be consumed. According to the FALCPA (Food Allergen 

Labeling Consumer Protection Act), since 2006, package 

labels are required by law to identify the eight major aller-

gens (peanuts, tree nuts, milk, eggs, soy, wheat, fish, and 

crustaceans), in plain English. Such precautionary labeling 

(“may contain” and “manufactured on shared equipment/

facility with”) indicates foods that patients with a history of 

anaphylaxis should avoid, but it is not regulated, and therefore 

not all products with potential for cross-contamination are 

similarly labeled.

Although most anaphylactic reactions occur as a result 

of ingested food allergens, anaphylaxis to inhaled food aller-

gens has been reported. Published reports have described 

anaphylaxis from inhalation of allergens from fish, shellfish, 

seeds, soybeans, cereal grains, eggs, milk, and other foods 

by airborne exposure (ie, flour in the air and vapors during 

cooking or roasting).27 However, inhalation of or skin expo-

sure to peanut butter in highly peanut-sensitized children has 

not been shown to elicit systemic or respiratory reactions.28

A report from the United Kingdom suggested that food 

allergens were responsible for up to 30% of fatal cases of 

anaphylaxis.26 Unfortunately, most life-threatening or fatal 

anaphylaxis is unpredictable. The most common risk fac-

tors include asthma (any severity, especially when poorly 

controlled), failure to identify a known food allergen in the 

meal, and previous allergic reactions to the food in ques-

tion.6,26,29–31 The majority of fatal food-induced anaphylactic 

reactions are associated with peanuts and tree nuts, with 

seafood, milk, and eggs accounting for the rest.26,31 Adoles-

cents and young adults are the age groups most at risk.26,31  

Lack of timely treatment with epinephrine has been associ-

ated with fatal food-induced anaphylaxis.26,29–31 The time 

interval from the ingestion of the food allergen to fatal 

collapse averages approximately 25–35 minutes (range: 

10 minutes to 6 hours).26

Anaphylaxis from insect stings and bites
Stinging insects belong to the order Hymenoptera, which 

includes three families: Apidae (honeybee, bumblebee, and 

sweat bee), Vespidae (yellow jacket, yellow and white-faced 

hornet, and paper wasp), and Formicidae (fire ant and har-

vester ant). In North America, the yellow jacket is the most 

common cause of allergic reactions, whereas paper wasp is 

the most common trigger in the southern coastal area of the 

United States.32 The worker honeybee can sting only once, 

because it leaves its barbed ovipositor in the skin, whereas 

wasps, hornets, and yellow jackets can sting multiple times. 

Yellow jackets and hornets are highly aggressive, and yellow 

jackets sting mainly in the fall. Paper wasps are less aggres-

sive, but sting when disturbed. Honeybees and bumblebees 

are docile and generally do not sting. Stings of the imported 

fire ant (IFA) are frequent in the southern and south central 

United States. Fire ants build nests in mounds of fresh soil 

that can be 1–2 feet in diameter and elevated at least several 

inches. Fire ants deliver multiple stings by anchoring their 

mandibles and pivoting, thereby forming sterile non-painful 

pseudo-pustules. IFA stings may elicit large local reactions in 

half of the subjects, and anaphylaxis occurs in 0.6%–6.0%.33 

Severe anaphylactic reactions to mosquito stings are sur-

prisingly rare with regard to the worldwide distribution of 

species. The diagnosis of insect-sting allergy is based on the 

clinical history and measurement of specific IgE antibodies 

in the serum and by skin-prick test.

Systemic reactions have also been reported from bit-

ing insects, such as horse flies and deer flies,34 scorpions 

(probably under-reported),35,36 huntsman spiders,37 and 

ticks.38,39 There have been several deaths reported from 

anaphylaxis to Triatoma (kissing bug, conenose bug, and 

assassin bug) found throughout the desert Southwest and 

California. Commercial allergy tests are not readily available 

for biting insects.

Avoidance measures to reduce the likelihood of an insect 

sting include extermination of nests in the immediate vicinity 

of the patient’s home by a professional; avoidance of wearing 

brightly colored or flowery prints, hair sprays, and perfumes; 

avoidance of walking outside without shoes; and wearing 

long pants and long-sleeved shirts and gloves when working 

outside. Bushes, eaves, attics, garbage containers, and picnics 

attract stinging insects, and it is recommended to be extra 

cautious in such situations. Stinging insects are also found in 

flower gardens and in areas where wild flowers are common. 

Striking at a yellow jacket can annoy the insect and initiate 

an attack. Insect repellants are of no use for stinging insects, 

but insecticides approved for use on insects may be utilized to 

kill insects from a distance. Individuals with mosquito allergy 

should avoid mosquito-infested areas such as tall grass, 

bush, wetlands, and swamps, especially at dawn and dusk, 

and wear protective clothing. Personal mosquito repellents, 

such as DEET (N,N-diethyl-m-toluamide), are effective 
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against biting insects. Clothing, bed nets, and camping tents 

should be treated with an insecticide such as permethrin.40 

Triatoma infestation of a bedroom can be controlled by the 

use of readily available insecticides.

Drug-induced anaphylaxis
While foods are the most common cause of anaphylaxis in 

children, drugs are the main cause of anaphylaxis in adults. 

Antibiotics, especially β-lactams, aspirin, or non-steroidal 

anti-inflammatory drugs (NSAIDs) are most commonly 

implicated in drug-induced adult anaphylaxis.41 In spite 

of the high prevalence of drug-induced anaphylaxis in the 

adult population, adequate and reliable skin testing materi-

als to document IgE-mediated reactions are available only 

for penicillin. Consequently, the diagnosis for IgE-mediated 

sensitivity for most drugs relies mainly on the clinical history 

and challenge with the drug in question.

β-lactam antibiotics
Whereas a history of “penicillin allergy” is very common, 

approximately 90% of patients who claim a history of 

“penicillin allergy” are able to tolerate penicillin without 

any problem.42 Yet, patients with a history of penicillin 

allergy should be evaluated by an allergist before penicillin 

is prescribed. About 97% of patients who test negative with 

a mixture of penicillin G and penicilloyl-polylysine can 

be safely treated with penicillin. Patients who test positive 

should be either desensitized or treated with a non-β-lactam 

antibiotic.43

Although cephalosporins and penicillin share a common 

β-lactam ring, the history of penicillin allergy is not a 

 contraindication for the administration of cephalosporins.44 

However, in penicillin skin-test-positive patients, the risk of 

a reaction to a cephalosporin is about 6% compared with 

less than 1% in a referent population.45 Because there have 

been fatalities in patients with a history of penicillin allergy 

who have received cephalosporins without being tested for 

penicillin, all patients with a history of penicillin allergy 

should be evaluated and, if indicated, tested for penicillin 

before receiving cephalosporins. If the skin test is positive, 

then the patient should undergo a graded challenge or be 

desensitized.46

Patients who are skin-test-positive for penicillin can 

safely receive the monobactam aztreonam.47 Aztreonam 

has no cross-reactivity with other β-lactams, except for 

 ceftazidime. On the other hand, patients who are truly 

allergic to  aztreonam can safely receive a β-lactam, except 

 ceftazidime. Both, meropenem and imipenem are well 

tolerated in penicillin skin-test-positive patients who have 

a  negative skin test to imipenem.48 However, patients with 

a history of penicillin allergy with a positive skin test to 

penicillin who require imipenem should receive it by graded 

challenge.

Aspirin and NSAiDs
Most of the reactions associated with aspirin and NSAIDs, 

which may involve the respiratory (rhinorrhea, nasal 

congestion, and asthma), dermatological (hives and 

angioedema), and cardiovascular (arrhythmia, hypoten-

sion, and shock) systems are not IgE-mediated. Therefore, 

it is more appropriate to call them anaphylactoid rather 

than anaphylactic. Because those reactions are not IgE-

mediated, they cannot be diagnosed or confirmed by skin 

testing. They are more likely associated with elevation of 

the levels of cysteinyl leukotrienes due to the inhibition of 

cyclooxygenase enzyme from the eosinophils and mast cells 

of aspirin or NSAID-sensitive patients.49 However, most 

patients who react to ASA (acetylsalicylic acid), a primary 

inhibitor of COX-1, are able to tolerate celecoxib, a selective 

COX-2 inhibitor.50

Chemotherapeutic agents
Currently, one of the most studied chemotherapeutic agents 

associated with anaphylaxis are the platinum-containing 

agents. Both, IgE-mediated and anaphylactoid reactions can 

occur with cisplatin and carboplatinum. A positive skin test 

may indicate the presence of specific IgE antibodies for these 

drugs. Effective desensitization protocols have been put in 

place in recent years, and most patients who have had reac-

tions to and are in need of those drugs to treat their cancer, 

can be effectively desensitized and treated.51

Monoclonal antibodies and biological modifiers
Anaphylactic reactions have been associated with monoclonal 

antibodies and biological modifiers. The risk of anaphylaxis 

with omalizumab is 0.2%. It is recommended that patients 

wait 2 hours after the first three injections of omalizumab, 

which can also be associated with a delayed and protracted 

form of anaphylaxis.52 Patients receiving omalizumab should 

carry an epinephrine autoinjector with them at all times.53

A number of reactions have been described in patients 

receiving infliximab. The majority of reactions are not IgE-

mediated, but due to direct activation of mast cells,54 they can 

be pretreated with steroids, antihistamines, and antipyretics. 

Also, it has been observed that loading in three separate 

doses given at week 0, 2, and 6 is less immunogenic than 
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administering a single high-loading dose. Also, patients 

who are treated regularly are less likely to have reactions 

than patients who are treated on demand. Finally, patients 

who have no reasonable alternatives to infliximab can be 

successfully desensitized.55

Anaphylaxis to radiocontrast  
media
Adverse reactions to radiocontrast media (RCM) occur in 

5%–8% of the patients who undergo radiological examina-

tions. The reactions to RCM are anaphylactoid in nature. They 

may involve the direct stimulation of mast cells by the osmotic 

load, and at-risk patients can be successfully pre-medicated 

with 50 mg of oral prednisone 13, 7, and 1 hour prior to the 

procedure in addition to 50 mg of diphenhydramine and 25 

mg of ephedrine given orally before the procedure.11 With 

the advent of low osmolar RCM, the incidence of severe 

life-threatening reactions has decreased tenfold, from 1% to 

0.1%.56 The common belief that there is a correlation between 

shellfish sensitivity and susceptibility to RCM is a myth.

Latex-induced anaphylaxis
Anaphylactic reactions to latex are due to the formation of 

IgE antibodies to the antigens of Hevea brasiliensis, the 

source of latex. About 17% of all intraoperative anaphylaxis 

is due to latex, especially among health care workers and 

patients with spina bifida.57 Patients are usually sensitized 

after prolonged contact with latex protein through the wearing 

of latex gloves with powder, latex condom use, or via multiple 

surgical procedures. In contrast to anaphylaxis due to non-

surgical procedures, intraoperative latex-induced anaphylaxis 

is characterized by profound hypotension and cardiovascular 

collapse.58 There are no standardized testing materials to skin 

test patients with latex allergy. A radioallergosorbent test is 

available, but it has variable sensitivity and specificity. When 

it is negative, some practitioners have used a non-approved 

homemade latex extract, which may contain variable amounts 

of latex.59 Patients who are sensitive to latex should avoid 

products containing latex and environments that are not 

latex-free, and carry an epinephrine autoinjector with them 

at all times.

Perioperative anaphylaxis
A number of agents administered in the perioperative period, 

such as muscle relaxants, inducers, antibiotics, volume 

expanders, narcotics, sedatives, and anticoagulants, may 

cause anaphylaxis or anaphylactoid reactions. Neuromuscular 

blocking agents are the most common cause of preoperative 

anaphylaxis and account for two-thirds of the reactions. 

Those reactions are associated with the tertiary or quaternary 

ammonium group, such as pancuronium and vecuronium,60 to 

which specific IgE antibodies have been demonstrated. There 

is a lot of cross-reactivity between muscle relaxant agents61 

and a variety of agents that may be used during anesthesia, 

such as acetylcholine, morphine, and pentolinium. The 

barbiturate anesthesia thiopental is rarely associated with 

anaphylaxis.62

Intraoperative anaphylaxis may be difficult to diagnose 

for a variety of reasons. The patient is unconscious and cannot 

express the typical symptoms associated with anaphylaxis, 

such as itching and flushing. The hives may be covered by 

the surgical drapes, and the observed bradycardia and car-

diopulmonary collapse may be attributed to other causes.63 

There are a number of agents administered to patients before, 

during, and after surgery that have high potential of causing 

anaphylaxis or anaphylactoid reactions. β-lactam antibiotics 

and vancomycin are the most commonly implicated antibiot-

ics during anesthesia. While β-lactams may cause an IgE-

mediated reaction, vancomycin on the other hand primarily 

causes infusion-rate-dependent direct histamine release from 

the mast cells. Therefore, reducing the rate of infusion can 

virtually eliminate vancomycin-related  reactions.64 Also 

opioid narcotics directly stimulate dermal mast cells. Large-

molecular-weight volume expanders such as dextran are 

rarely the cause of intraoperative anaphylaxis.65 Protamine, 

an agent used to reverse the effect of heparin may cause 

both anaphylaxis and anaphylactoid reactions. Finally, most 

reactions ascribed to local anesthetic agents are due to the 

direct effects of the agents rather than through identifiable 

immune mechanisms.

Management
Epinephrine is the drug of choice for the treatment of ana-

phylaxis1,66,67 and should be injected promptly in the event 

of an anaphylactic reaction or when progression to anaphy-

laxis is likely. It is controversial whether an individual with 

generalized acute urticaria has anaphylaxis.68 Generalized 

acute urticaria itself is not a life-threatening symptom, yet 

in the context of a known exposure to an allergen that has 

previously triggered anaphylaxis, the recommendation 

for an exposure outside of a medical setting is to inject 

epinephrine.69

Epinephrine is a direct-acting sympathomimetic agent 

that increases vasoconstriction, inotropy/chronotropy, and 

bronchodilation and decreases mucosal edema.  Epinephrine 

downregulates mast-cell release of histamine and other 
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mediators of inflammation, unlike other drugs including 

 antihistamines and inhaled bronchodilators used to treat 

symptoms of allergic reactions. By blocking the histamine 

receptors, H1 and H2 antihistamines can prevent the pro-

gression of symptoms, but they do not prevent the release 

of histamine. Therefore, antihistamines alleviate hives and 

rhinorrhea, but have a slow onset of action (1 or more hours), 

and do not relieve respiratory symptoms or shock.67 Inhaled 

bronchodilators may be used as an adjunct therapy for lower 

airway symptoms, but cannot be relied upon in anaphylaxis 

because they do not relieve upper airway constriction or 

shock. Given their slow onset of action, corticosteroids have 

not been evaluated and are unlikely to contribute substan-

tially to the acute treatment of anaphylaxis, although they 

are routinely used to prevent delayed or biphasic allergic 

manifestations.1 If given, the dosing of intravenous corti-

costeroids should be equivalent to 1.0–2.0 mg/kg per dose 

of methylprednisolone every 6 hours. Oral administration 

of prednisone, 1.0 mg/kg, up to 50 mg might be sufficient 

for milder attacks.

Prompt use of epinephrine in the field has been shown 

to decrease the need for hospital admission for anaphylaxis 

in children, whereas delayed administration of epinephrine 

has been identified as a risk factor for fatal food-induced 

anaphylaxis.26,30,31,66,70,71 The recommended dose of epineph-

rine is 0.01 mg/kg (maximum of 0.3–0.5 mg), which can be 

repeated every 5–20 minutes.69,72 Epinephrine is available 

in autoinjectable devices (eg, Epipen® [Mylan Inc, Basking 

Ridge, NJ, USA]/Adrenaclick® [Amedra Pharmaceuticals, 

Horsham, PA, USA]/Auvi-Q® [Sanofi-Aventis, Bridgewater, 

NJ, USA]) containing preset doses of either 0.15 or 0.3 mg 

of epinephrine per injection. The devices are designed for 

self-administration or for administration by a companion 

as a “first-aid” treatment, but patients should seek prompt 

professional treatment immediately following administration 

of epinephrine. Some patients may be relatively resistant to 

treatment. Occasionally, more than one dose of epinephrine is 

needed, and this has been shown to be the case in 10%–19% 

of food-induced anaphylactic reactions in mixed and pediatric 

populations.18,22,73

Advanced care for anaphylaxis should be sought 

promptly after epinephrine injection for first-aid treatment 

of  anaphylaxis. This can be done by calling 911 (or other 

country equivalent) for additional care and emergency 

transport to a hospital/emergency department; subjects with 

anaphylaxis should not be taken to advanced care by private 

car. The observation period needs to individualized, typi-

cally 4–6 hours at a minimum after symptoms have resolved, 

because there are no reliable methods of predicting biphasic 

or protracted anaphylaxis.72 Bronchodilators can aid with the 

bronchoconstriction. Airway patency should be established, 

and patients with respiratory or circulatory compromise 

should receive oxygen and be placed in the supine position. 

Chest pain may be a sign of coronary ischemia or esophageal 

edema. Hypotensive reactions not responding promptly to 

intramuscular epinephrine may require intravenous fluids and 

cautious intravenous administration of diluted epinephrine or 

another vasopressor. Patients on β-receptor blocker therapy 

may be resistant to usual doses of epinephrine and intravenous 

fluids, and may benefit from glucagon.

With bee stings, several chemicals referred to as 

 pheromones are released, exciting further sting responses 

by other bees in the area. These chemicals can be washed 

off with water. After finding the stinger in the skin, it should 

be carefully removed by flicking it upward, away from the 

skin, avoiding compression of the venom sac, which could 

introduce additional venom into the victim.

Biphasic reactions
In addition to uniphasic reactions, although rare, there are 

delayed onset, protracted, persistent, and biphasic reactions. 

The severity of the late-phase symptoms could be either more or 

less prominent than the initial reaction.74 In biphasic reactions, 

symptoms recur after resolution of the initial event in 1–72 hours, 

with most developing within 8 hours; in protracted reactions, 

symptoms do not respond to treatment and may last up to 72 

hours.30,74,75 Biphasic reactions have been reported in 3%–20% 

of anaphylactic reactions in adults and mixed age populations to 

both oral and parenteral agents.75 In the pediatric population, the 

incidence of biphasic reactions has been lower (2%–6%).21,76

Risk factors for a biphasic response include orally adminis-

tered allergens, delayed onset of initial symptoms after antigen 

exposure (.30 minutes), prior β-blockade, delay or inadequate 

amount of epinephrine given for the first response, or the 

requirement of large doses of epinephrine.75 Failure to admin-

ister corticosteroids may predispose to a biphasic response, 

although this has not been conclusively shown. The mechanisms 

of biphasic reactions are improperly understood.74,77

Education
All patients at risk for anaphylaxis from food or Hymenoptera 

should be educated about the signs and symptoms of 

 anaphylaxis. They should be instructed regarding the correct 

use of an epinephrine autoinjector, be provided with written 

instructions on its proper administration, and have an anaphy-

laxis treatment plan. Intramuscular injection of epinephrine 
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into the lateral thigh (vastus lateralis) is the preferred route 

for therapy in first-aid treatment. The injection may be given 

through clothing, avoiding obstructions such as seams or 

items in pockets. Proper storage of the epinephrine, away 

from extremes of temperature and direct sunlight to protect 

the drug from degradation, is also important. Emergency kits 

are no substitute for emergency medical attention and every 

patient should be seen by a medical professional and observed 

under medical supervision for a minimum of 4 hours after 

resolution of the symptoms. It is important to demonstrate 

and return-demonstrate the use of epinephrine autoinjector 

frequently, as it has been shown that patients forget the proper 

technique in as little as 3 months.

With food allergy, it is recommended that autoinjectors 

with 0.15 mg of epinephrine are prescribed for otherwise 

healthy young children who weigh 10–25 kg (22–55 lb) and 

autoinjectors with 0.30 mg of epinephrine for those who 

weigh approximately 25 kg (55 lb) or more.68 In other cases 

for anaphylaxis, the general recommended weight for the 

higher dose of epinephrine is 30 kg (66 lb). For children who 

weigh less than 10 kg (22 lb), the physician and family should 

weigh the risks of delay in dosing or possible dosing errors 

when an ampule/syringe/needle is used against accepting a 

non-ideal autoinjector dose. Up to 16%–35% of anaphylac-

tic reactions of various etiologies, including Hymenoptera 

insect stings, immunotherapy injections, and food allergies 

may need multiple doses of epinephrine.18,22,73,78–80 Some have 

suggested that patients at risk for severe anaphylaxis should 

always carry two doses of epinephrine,79 while others have 

indicated that those with food-induced anaphylaxis,73 or those 

with significant food allergies and asthma should do so.18 

However, at present, there are no official guidelines on when 

to prescribe more than one autoinjectable epinephrine device. 

The second dose of epinephrine should be administered if 

anaphylactic symptoms persist beyond 10 minutes.

It may not be easy to identify which patients will need a 

self-injectable epinephrine device, except for those with a pre-

vious episode of anaphylaxis that was characterized by respi-

ratory or cardiovascular compromise. Skin manifestations 

such as urticaria, angioedema, flushing, or itching occur 

in more than 80% of children with anaphylaxis; however, 

acute generalized urticaria and angioedema alone may not 

necessarily warrant a diagnosis of “anaphylaxis” (a point 

of controversy). Patients with food allergy who should be 

prescribed an epinephrine autoinjector include those with 

a history of a prior systemic allergic reaction, those with 

asthma, or those with a known food allergy to peanuts, tree 

nuts, fish, and crustacean shellfish (ie,  allergens known to be 

associated with more fatal and near-fatal  allergic reactions). 

In addition, consideration should be given to prescribing an 

epinephrine autoinjector for all patients with food allergy 

having IgE-mediated reactions, because the severity of any 

subsequent reactions is unpredictable. In venom anaphylaxis, 

self-injectable epinephrine should be prescribed for a child 

who has experienced generalized acute urticaria after an 

insect sting, because of the 10% risk of a more severe reac-

tion from a future sting.81 Some “high-risk” circumstances 

may justify prescription of self-injectable epinephrine in the 

absence of previous anaphylaxis in individuals with con-

firmed allergy to venom. These include history of asthma, 

likely repeat exposures, and living in remote areas far away 

from emergency medical care.72

Approach to effective care also requires a comprehensive 

plan involving schools, camps, and other youth organizations, 

as well as education of supervising adults in regards to proper 

recognition and treatment of anaphylaxis. It is paramount to 

educate patients about the potential for severe reactions, even 

in the absence of previous severe reactions, although it has not 

been shown that each following reaction would be more severe 

than the preceding one (a common misbelief). Wearing a medi-

cal identification bracelet or necklace is also recommended. 

Lastly, the anticipation of unforeseen accidental exposures 

together with the knowledge of potential fatal outcome of an 

anaphylactic reaction has a significant impact on quality of life, 

which needs special attention in some patients.82

Specific therapies
venom immunotherapy
Venom immunotherapy (VIT) is recommended for patients 

who have experienced a systemic reaction after an insect 

sting and shown evidence of specific IgE to venom aller-

gens.81 However, VIT is generally not necessary for children 

16 years of age and younger who have experienced only a 

systemic cutaneous reaction (generalized hives) without 

other systemic manifestations to Hymenoptera, but might 

be considered for children who have experienced one to fire 

ants.81 VIT is available with all five available Hymenoptera 

venom extracts. Immunotherapy with whole body extract of 

IFA is also available and has shown efficacy in clinical stud-

ies, although it is variable in allergen content.14

VIT has been shown efficacious in preventing a sub-

sequent systemic sting reaction in 95% of stinging-insect 

sensitive patients.81 Injections are generally administered at 

weekly intervals until a maintenance dose is achieved, and 

typically 4-week intervals can thereafter be applied. VIT is 

usually continued for at least 3–5 years. The major risk of VIT 
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as with other types of immunotherapy is anaphylaxis, with an 

incidence of up to 12%.83 Large local reactions occurring at 

the injection site are more common and can be treated with 

oral antihistamines as needed.

Future therapies for food allergy
Currently, the only treatment for food-induced anaphylaxis 

is strict dietary avoidance. Therapies to prevent food-

induced anaphylaxis are under vigorous investigation. 

Promising therapies under investigation can be divided 

into allergen-specific and non-specific ones. Non-specific 

therapies for food-induced anaphylaxis under investigation 

include anti-IgE antibody, which increases the threshold 

dose for peanuts in peanut-allergic individuals,84 and  Chinese 

herbal medications, which have been shown to prevent 

peanut-anaphylaxis in an animal model;85 human studies are 

underway.  Allergen-specific therapies include oral, sublin-

gual, and epicutaneous immunotherapy (desensitization),86 

which may be combined with anti-IgE antibody therapy 

for improved safety and efficacy, although this remains to 

be seen.87 Allergen-specific therapies mostly in preclinical 

trials include mutated recombinant proteins, which are 

engineered in their IgE-binding activity, native and mutated 

allergens coadministered with bacterial adjuvants to generate 

maximum immune response, gene therapy, and peptide 

immunotherapy.86

Conclusion
Anaphylaxis is an increasingly prevalent problem in 

westernized countries. It is underdiagnosed, under-reported, 

and undertreated.88 Therefore, it is of utmost importance that 

the increasing numbers of patients at risk for anaphylaxis 

receive proper education on the etiology and risk factors, as 

well as appropriate treatment of anaphylaxis with epinephrine. 

The physician’s role is crucial in order to educate the patients 

and caretakers on effective measures to prevent anaphylaxis 

and empower them to take charge of early recognition and 

proper management of an anaphylactic reaction to prevent 

poor outcomes.
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