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How to manage anaphylaxis in primary 
care
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Abstract 

Anaphylaxis is defined as a severe life‑threatening generalized or systemic hypersensitivity reaction characterized by 
rapidly developing airway and/or circulation problems. It presents with very different combinations of symptoms and 
apparently mild signs and can progress to fatal anaphylactic shock unpredictably. The difficulty in recognizing ana‑
phylaxis is due, in part, to the variability of diagnostic criteria, which in turn leads to a delay in administration of appro‑
priate treatment, thus increasing the risk of death. The use of validated clinical criteria can facilitate the diagnosis of 
anaphylaxis. Intramuscular epinephrine (adrenaline) is the medication of choice for the emergency treatment of ana‑
phylaxis. Administration of corticosteroids and H1‑antihistamines should not delay the administration of epinephrine, 
and the management of a patient with anaphylaxis should not end with the acute episode. Long‑term management 
of anaphylaxis should include avoidance of triggers, following confirmation by an allergology study. Etiologic factors 
suspected in the emergency department often differ from the real causes of anaphylaxis. Evaluation of patients with a 
history of anaphylaxis should also include an assessment of personal data, such as age and comorbidities, which may 
increase the risk of severe reactions. Special attention should also be paid to co‑factors, as these may easily confound 
the cause of the anaphylaxis. Patients experiencing anaphylaxis should administer epinephrine as soon as possible. 
Education (including the use of Internet and social media), written personalized emergency action plans, and self‑
injectable epinephrine have proven useful for the treatment of further anaphylaxis episodes.
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Background
Anaphylaxis is defined as a severe life-threatening gen-
eralized or systemic hypersensitivity reaction [1, 2]. All 
anaphylaxis guidelines [1–5] highlight the severity of the 
anaphylactic episode and the risk of death. Since anaphy-
laxis is characterized by rapidly developing life-threat-
ening airway and/or circulation problems, it must be 
managed quickly. However, anaphylaxis is often difficult 
to recognize owing, in part, to the variability of diagnos-
tic criteria, which in turn leads to a delay in administra-
tion of appropriate treatment, thus increasing the risk of 
death. In addition, it hampers reliable epidemiological 
data since medical records are the basis of national and 
international registries.

Primary care physicians have a pivotal role in the pre-
vention and treatment of anaphylaxis. However, few 
studies have covered the management of anaphylaxis in 
primary care. A systematic review on the management of 
anaphylaxis identified a number of gaps at this level, most 
notably a lack of knowledge regarding recognition of the 
reaction, treatment with epinephrine (adrenaline), and 
prescription of epinephrine auto-injectors (EAI) [6]. The 
most common approach to the evaluation of the manage-
ment of anaphylaxis in primary care has been through 
questionnaires and case studies. The results of several 
recent surveys from different countries are based on data 
from general practitioners, paramedics, and, most fre-
quently, paediatricians and do not differ much from one 
study to another. There is still much room for improve-
ment with respect to knowledge about epinephrine as the 
initial treatment of anaphylaxis, intramuscular admin-
istration, doses, and prescription of EAIs [7–12]. Stud-
ies that reviewed healthcare databases in Canada [13, 

Open Access

Clinical and
Translational Allergy

*Correspondence:  alberto@alvarezperea.com 
1 Allergy Service, Hospital General Universitario Gregorio Marañón, Doctor 
Esquerdo, 46, 28007 Madrid, Spain
Full list of author information is available at the end of the article



Page 2 of 10Alvarez‑Perea et al. Clin Transl Allergy  (2017) 7:45 

14] and The Netherlands [15] reported similar findings. 
Interdisciplinary communication and education on ana-
phylaxis are the most frequently proposed solutions.

Awareness of anaphylaxis as a life-threatening medical 
condition has been increasing in various specialties, and 
recent publications indicate that the condition is not as 
uncommon as previously perceived. Epidemiological data 
cite incidence rates ranging from 1.5 to 7.9/100,000 per-
son-years in Europe [16] and 1.6 to 5.1/100,000 person-
years in the United States [17]. However, epidemiological 
data on the morbidity and mortality of anaphylaxis are 
still not optimal. Most studies are biased, mainly because 
of their limited external validity. Variability in methodol-
ogy, selection of specific populations, and the frequent 
use of cumulative incidence rates hamper the extrapola-
tion of results to other populations.

To date, most population-based studies that document 
allergic reactions using the International Classification 
of Diseases (ICD) report inconsistent data [17–20], thus 
hampering determination of the prevalence and inci-
dence of severe allergic reactions, such as anaphylaxis. 
However, studies have calculated the prevalence of ana-
phylaxis using different approaches such as emergency 
department (ED) records or number of EAIs prescribed. 
Studies on the incidence of anaphylaxis in the ED report 
rates ranging from 0.04 to 0.5% of visits [20–28]. This 
remarkable variability is related to differences between 
populations, characteristics of the ED, difficulties rec-
ognizing at-risk and anaphylactic patients, and meth-
odology applied to record the rates. Data on mortality 
are sparse, and publications show considerable variabil-
ity, ranging from 0.04 to 2.7 cases/million/year [29–31]. 
It has been estimated that 1 in every 3000 inpatients in 
American hospitals experience an anaphylactic reac-
tion with a risk of death of around 1%, that is, 500–1000 
deaths annually in the US [32]. Brazilian data suggest that 
the mortality rate of anaphylaxis is 1.1/million/year and 
that reactions are triggered mainly by drugs. In addition, 
deaths typically occurred in hospitals, including both the 
ED and patients who were dead on arrival [31].

Anaphylaxis typically occurs through an IgE-depend-
ent immunologic mechanism and is most commonly 
triggered by foods, stinging insect venom, and medica-
tions, although pathophysiological events such as IgE-
independent immunologic mechanisms and direct mast 
cell stimulation are also involved [2]. Several studies 
have demonstrated the complexity of mast and basophil 
cell signalling and the sensitivity of this system to regu-
lation by specific pathways. A wide variety of molecules 
contribute to the activation of mast cells and the release 
of mediators (IgE, IgG, stem cell factor, complement 
proteins, cytokines, neuropeptides, and opioids), which 
may interact with receptors on the surface of mast cells, 

as summarized by Gurish and Castells [33]. Neverthe-
less, most of their mechanisms are not fully understood 
[34–37].

Diagnosis of anaphylaxis
As anaphylaxis is a rapidly evolving condition affecting 
several systems, clinical diagnosis is based on considera-
tion of the signs and symptoms that appear within 2 h of 
exposure to the allergen or trigger [38]. Rapid diagnosis 
ensures optimal management. The signs and symptoms 
include respiratory distress, hypotension, tachycar-
dia, cyanosis, urticaria, angioedema, nausea, vomiting, 
diarrhoea, and abdominal pain. In general, cutaneous 
manifestations are observed in most cases, followed in 
frequency by cardiovascular and respiratory symptoms 
[39]. Diagnosis is more challenging when cutaneous 
symptoms are absent. Such is the case of hypotensive 
shock with no other symptoms in the context of con-
tact with a known or suspected allergen. Respiratory 
(e.g., inspiratory difficulty, dysphonia, and sialorrhoea) 
and cardiovascular manifestations (e.g., sudden reduced 
blood pressure and tachycardia) are potentially life-
threatening features of anaphylaxis and should be consid-
ered warning signs [1–5].

One of the key challenges in recognizing anaphylaxis 
is that the combination of signs and symptoms is not 
always the same and reactions with mild and moderate 
severity may not be easily recognized as anaphylaxis by 
physicians who are unfamiliar with the condition. There-
fore, the use of validated clinical criteria can be helpful 
when diagnosing anaphylaxis. Previously published crite-
ria (Table 1) have proven to be sufficiently sensitive and 
accurate for the diagnosis of anaphylaxis in the ED [40]. 

Over the last few decades, in vitro and in vivo methods 
have been developed and applied to support the clinical 
diagnosis of anaphylaxis and to reach the etiological diag-
nosis of the reaction [41].

Accurate clinical data in the ED, together with avail-
able in vitro tools, can ensure a correct diagnosis of ana-
phylaxis. The in  vitro diagnosis of anaphylaxis includes 
serial measurement of the mediators released during an 
anaphylactic reaction, namely, tryptase, histamine, chy-
mase, carboxypeptidase A3, platelet-activating factor, 
and other products from mastocytes. Measurement of 
serum (or plasma) tryptase levels is recommended in the 
diagnostic workup of systemic anaphylaxis, although the 
results should be interpreted on an individual basis and 
considering the complete allergy workup [41]. During 
anaphylaxis, serum tryptase peaks 60–90  min after the 
onset of the reaction and, in general, starts to decrease 
after 120 min. Therefore, for the diagnosis of anaphylaxis, 
blood samples should be collected within 1–2  h of the 
reaction and after 24  h in order to detect this decrease 
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[42]. However, normal levels of serum tryptase in the 
first sample do not exclude anaphylaxis. Other biomark-
ers, such as histamine and its metabolites, chymase, car-
boxypeptidase, cysteinyl leukotrienes, prostaglandins, or 
platelet-activating factor, have lower and variable posi-
tive predictive values for a diagnosis of anaphylaxis than 
serum tryptase [42].

The identification of agents which trigger the anaphy-
lactic reaction is essential for prevention of new exposure 
and recurrence. In general, diagnostic testing should be 
performed 3–4  weeks after the acute episode to allow 
time for the recovery of mast cell activity [43, 44]. The 
etiological diagnosis can be supported by serologic 
methods, e.g., allergen-specific serum IgE, with cellular 
tests, which measure the release of basophil mediators 
(leukotrienes, histamine), or with the basophil activa-
tion test, in which the expression of basophil markers is 
analyzed [41]. These techniques offer interesting alter-
natives in the diagnosis of potential triggers of anaphy-
laxis. The basophil activation test provides important 
advantages in patients with anaphylaxis to β-lactams, 
non-steroidal anti-inflammatory drugs, neuromuscular 
blocking agents, and drugs for which there is no tech-
nique to measure specific IgE [45]. Although in vitro tests 
are safer, their sensitivity and specificity remain to be 
determined.

The main in  vivo tests currently used to investigate 
allergy and hypersensitivity reactions are skin tests and 
provocation tests [41], which follow standard methods 
and practice parameters and should be requested, per-
formed, and interpreted by experienced professionals.

Co-factors, or augmenting factors, such as concomi-
tant asthma, exercise, or specific drugs (e.g., non-steroidal 

anti-inflammatory drugs, ACE inhibitors) (Table  2), must 
always be considered. Co-factors may lead to more severe 
reactions or to anaphylaxis with lower doses of allergen. 
Physical exercise is one of the best-known augmenting 
factors in anaphylaxis. In fact, food-dependent exercise-
induced anaphylaxis is considered a distinct clinical syn-
drome [46]. Sensitization to ω-5 gliadin most commonly 
presents as wheat-dependent exercise-induced anaphylaxis 
[47]. In general, the mechanisms underlying the role of co-
factors in anaphylaxis remain poorly understood [48].

Acute management of anaphylaxis
Anaphylaxis is a life-threatening medical emergency, and 
prompt evaluation and intervention are critical for its 
management. All health professionals should be prepared 

Table 1 Diagnostic criteria for anaphylaxis, adapted [1]

PEF peak expiratory flow, BP blood pressure
a Low systolic blood pressure for children is defined as < 70 mmHg from 1 month to 1 year, less than (70 mmHg + [2 × age]) from 1 to 10 years, and < 90 mmHg from 
11 to 17 years

Diagnostic criteria for anaphylaxis

Anaphylaxis is highly likely when any one of the following three criteria is fulfilled

1. Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal tissue, or both (e.g., generalized hives, pruritus or flushing, 
swollen lips–tongue–uvula and at least one of the following

 a. Respiratory compromise (e.g., dyspnea, wheeze–bronchospasm, stridor, reduced PEF, hypoxemia)

 b. Reduced BP or associated symptoms of end‑organ dysfunction (e.g., hypotonia [collapse], syncope, incontinence)

2. Two or more of the following that occur rapidly after exposure to a likely allergen for that patient (minutes to several hours)

 a. Involvement of the skin–mucosal tissue (e.g., generalized hives, pruritus, flushing, swollen lips–tongue–uvula

 b. Respiratory compromise (e.g., dyspnea, wheeze–bronchospasm, stridor, reduced PEF, hypoxemia)

 c. Reduced BP or associated symptoms (e.g., hypotonia [collapse], syncope, incontinence)

 d. Persistent gastrointestinal symptoms (e.g., crampy abdominal pain, vomiting)

3. Reduced BP after exposure to known allergen for that patient (minutes to several hours)

 a. Infants and children: low systolic BP (age specific) or > 30% decrease in systolic  BPa

 b. Adults: systolic BP of < 90 mmHg or > 30% decrease from that person’s baseline

Table 2 Most common co-factors of anaphylaxis

NSAID non‑steroidal anti‑inflammatory drug, ACE angiotensin‑converting 
enzyme

Drugs

 NSAIDs

 ACE inhibitors

 β‑blockers

Alcohol

Physical exercise

Psychogenic stress

Hormonal cycle

Concomitant diseases

 Asthma

 Infections

 Cardiovascular disease

 Mastocytosis
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to identify and treat patients with anaphylaxis. An appar-
ently mild presentation may unpredictably progress to 
fatal anaphylactic shock in minutes [49]. The severity of 
an anaphylactic episode can differ from one patient to 
another, and even in the same patient from one episode 
to another [50].

The management of a patient with anaphylaxis should 
start with the removal of exposure to the known or sus-
pected trigger, if still possible [51], followed by the assess-
ment of patient’s circulation, airway patency, breathing, 
mental status, skin, and, if possible, weight [44] (Fig. 1).

After administration of epinephrine, patients with ana-
phylaxis should be placed supine with their lower limbs 
elevated. They should not be placed seated, standing, 
or in the upright position. In cases of vomiting or dysp-
noea, the patient should be placed in a comfortable posi-
tion with the lower limbs elevated. This should prevent 
distributive shock and empty vena cava/empty ventricle 
syndrome [52].

Help should be requested as soon as possible. Patients’ 
vital signs (blood pressure, heart frequency, and oxygena-
tion) should be monitored continuously or as often as 
possible. When indicated, supplemental oxygen and intra-
venous fluid should be administered and, if necessary, car-
diopulmonary resuscitation should be performed [53].

Biphasic anaphylaxis is defined as recurrence of ana-
phylaxis hours after recovery of the initial symptoms, 
with no further exposure to the trigger [1]. Given that 
biphasic anaphylaxis is not uncommon [21, 54], patients 
overcoming symptoms should undergo monitoring and 
medical supervision in a centre with trained staff, an ED, 
and hospital beds available. The duration of monitoring 
must be tailored to the severity of symptoms [55].

Pharmacologic treatment of anaphylaxis: 
epinephrine as the drug of choice
Evidence supporting the use of different medications for 
the treatment of anaphylaxis is based on observational, 
epidemiologic, pharmacologic, and animal models, as 
well as on post-mortem studies [56]. The severity of ana-
phylaxis makes epinephrine difficult to assess in prospec-
tive, randomized, double-masked, placebo-controlled 
trials [57].

Epinephrine is the medication of choice for the imme-
diate treatment of anaphylaxis [58] and is the only drug 
that exerts a vasoconstrictor effect, thus reverting airway 
mucosal edema and hypotension [59]. Additionally, it has 
inotropic and chronotropic cardiac effects, bronchodi-
lator activity and a stabilization effect on mast cells and 
basophils [60, 61].

Evidence has shown that delayed injection of epineph-
rine is associated with higher hospitalization and mor-
tality rates [62, 63]. In contrast, prompt pre-hospital 
administration of epinephrine is associated with better 
outcomes [64, 65].

Epinephrine should be injected by the intramuscular 
route in the vastus lateralis muscle (outer thigh) due to 
its vasodilator effect in skeletal muscle, which facilitates 
rapid absorption and pharmacologic effects. In contrast, 
it acts as a vasoconstrictor in the subcutaneous tissue, 
potentially delaying its absorption [66–68].

The dose of epinephrine for the treatment of anaphy-
laxis in a health centre is 0.01 mg/kg when administered 
intramuscularly at a 1:1000 dilution. The maximum dose 
is 0.3  mg for children and 0.5 for teenagers and adults. 
With an EAI, patients weighing between 7.5 and 25  kg 
should receive 0.15  mg, while patients weighing over 
25 kg should receive 0.3 mg [3].

The epinephrine injection can be repeated once or 
twice at 5–15  min intervals in patients who do not 
respond to the first dose, in patients whose reaction is 
progressing rapidly, or in biphasic anaphylaxis [69].Fig. 1 Algorithm for the acute management of anaphylaxis
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A third dose of epinephrine is needed less frequently 
[70, 71]. Lack of response to epinephrine is an indica-
tor of the need for admission to the intensive care unit, 
where the patient can receive further care, such as intra-
venous infusion of epinephrine [72].

Administration of therapeutic doses of epinephrine, as 
used in anaphylaxis, may induce adverse effects, includ-
ing transient anxiety, headache, dizziness, tremor, pallor, 
and palpitations. These symptoms are similar to those 
caused physiologically by increased endogenous epi-
nephrine levels. However, the adverse effects cannot be 
dissociated from the beneficial effects of epinephrine [57, 
60, 61, 73]. Less frequently, usually due to overdosing or 
the administration of an intravenous bolus, epinephrine 
may cause ventricular arrhythmias, pulmonary oedema, 
malignant hypertension, and intracranial haemorrhage, 
although these effects are very rare in children and 
healthy adults [59, 61, 74, 75].

There is no absolute contraindication to epinephrine 
in the treatment of anaphylaxis [50]. However, the risk–
benefit ratio should be assessed in patients with cardio-
vascular disease [76]. The heart is a potential target organ 
in anaphylaxis, and acute coronary syndrome can occur 
during anaphylaxis in the absence of epinephrine [77].

Second-line drugs for the treatment of anaphylaxis
Antihistamines (both anti-H1 and anti-H2) and corticos-
teroids are second-line medications for the treatment of 
anaphylaxis, since they are not life-saving and, therefore, 
should not be used as initial or only treatment [58, 78, 79].

There is no evidence that supports the use of H1-anti-
histamines in anaphylaxis. H1-antihistamines relieve 
itching, flushing, and urticaria, but they do not act on air-
way obstruction or hypotension. Their onset of action is 
slower than that of epinephrine. Moreover, recommenda-
tions for anaphylaxis, including the doses administered, 
are extrapolated from those used in urticaria. A limited 
number of first-generation H1-antihistamines is available 
in parenteral form for use in anaphylaxis. These drugs 
frequently cause mild side effects (e.g., somnolence, 
confusion). Severe adverse effects (e.g., seizures, hypo-
tension, cardiac toxic events) are uncommon. Second-
generation H1-antihistamines are more secure; however, 
they are not available for parenteral use. Nevertheless, 
antihistamines are still the most frequently wrongly used 
drugs for the treatment of anaphylactic reactions in the 
ED [58, 80, 81].

There is evidence that the effect of H2-antihistamines, 
when administered concurrently with H1-antihistamines, 
could be enhanced in skin symptoms, although their role 
in anaphylaxis remains unclear [79, 82].

Corticosteroids are traditionally administered to pre-
vent biphasic or protracted anaphylaxis, although these 

effects have never been proven. Their use in asthma indi-
cates that the onset of pharmacological action may take 
several hours after administration. Therefore, corticoster-
oids have little or no effect on initial symptoms or signs 
[78].

Inhaled beta-2 adrenergic agonists, such as salbutamol 
or terbutaline, may play a role in anaphylaxis by relieving 
bronchospasm, in addition to the effect of epinephrine. 
However, the administration of these drugs should never 
delay the administration of epinephrine [2].

Long-term management of anaphylaxis
Management of anaphylaxis continues after resolution 
of the acute episode. The key to preventing future ana-
phylactic reactions is a confirmed etiological diagnosis 
and the avoidance of triggers. In some cases, long-term 
etiologic treatments may provide protection in case of 
accidental exposures, such as allergen-specific immuno-
therapy in cases of Hymenoptera venom-induced ana-
phylaxis. Finally, the patient should know how to treat 
new symptoms in case they re-appear [2–5, 83].

All patients who experience an episode of anaphylaxis 
should be advised that their specific triggers must be 
identified. Important differences between the etiological 
diagnosis suspected in the ED and the definitive cause of 
anaphylaxis have been reported in recent studies in adults 
and children [28, 84, 85]. The triggers of anaphylaxis can 
be identified by allergy specialists, who will also provide 
information on possible cross-reacting agents and safe 
alternatives, especially in the case of drug hypersensi-
tivity. Such an approach has proven useful for reducing 
the risk of severe anaphylaxis [86]. The tools most com-
monly used by allergists to this end are a detailed history/
documentation of the acute episode, skin tests, detection 
of allergen-specific IgE, and challenge tests. It is usu-
ally accepted that the optimal time for testing is around 
4 weeks after the acute episode [5].

Avoidance of some triggers may impact negatively on 
patients’ quality of life [50]. In these cases, immunomod-
ulatory and/or etiological treatments may be available, 
including drug desensitization [87], insect venom immu-
notherapy [88], food oral immunotherapy [89], and anti-
IgE therapy [90].

Given the unpredictable nature of anaphylaxis, patients 
should be prepared to act whenever necessary, especially 
when health care professionals are not present. Interna-
tional guidelines consider written action plans to be a 
useful tool for optimizing outcome [2–5].

An anaphylaxis action plan is a written document that 
can guide the patient and caregivers in the event that he 
or she experiences an allergic reaction in the community 
(Table 3). The several available action plan models have 
improved outcomes for other allergic diseases, such as 
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asthma, and thus have the potential to reduce the fre-
quency and severity of reactions, as well as the anxiety 
felt by patients and their caregivers [91].

EAIs are the preferred method for administration of 
epinephrine in the community setting. Given that han-
dling of ampoules, needles, and syringes by patients or 
their relatives is often subject to error, the EAI could be 
preferable when commercially available [2–5]. Currently, 
EAIs administer three doses, namely, 0.15, 0.3 mg, and, in 
a minority of countries, 0.5 mg. Self-injectable epineph-
rine may also be used in health care settings [92].

Self-injectable epinephrine should be prescribed to 
patients with a history of anaphylaxis and a high prob-
ability of recurrence, especially when triggered by foods 
or insects and in patients with idiopathic anaphylaxis. 
Patients living in isolated areas without access to medi-
cal services, and patients with mastocytosis, should also 
receive EAIs (Table 4) [2–5].

Specific patients with no history of anaphylaxis should 
also keep an EAI at home. These cases include patients 
with previous generalized skin reactions after exposure 
to trace amounts of food and those who are allergic to 
triggers that are difficult to avoid owing to their ubiquity 
(e.g., peanut, egg, milk) (Table 4) [2–5].

The number of devices prescribed should be consid-
ered. General indications for prescribing 2 or more EAIs 
include high body weight, fear of possible misuse, a his-
tory of biphasic or protracted reactions in the past, and 
concomitant severe asthma (Table 4) [93].

Nevertheless, prescription of an EAI must be based on 
objective data from the medical history after the risk–
benefit ratio has been properly assessed. Carrying an EAI 
has been associated with impaired quality of life [94].

There is growing evidence on the benefits of education 
with the aim of reducing the morbidity and mortality of 
anaphylaxis, although long-term benefits have yet to be 
clarified [95, 96]. Education should begin after the resolu-
tion of the acute episode, before discharge, and ED health 
professionals should be well prepared to provide cor-
rect guidance. Patients should be taught how to recog-
nize anaphylaxis symptoms, when to inject epinephrine 
and seek medical assistance, and how to recognize and 
avoid possible co-factors, which may multiply the risk for 
severe anaphylaxis [50].

In the last few years, Internet and social media have 
become highly accessible information sources for health-
related queries [97]. The few studies that have focused on 
the impact of these technologies in patients with anaphy-
laxis tend to describe the beneficial effects, as in other 
allergic diseases. The use of Internet, social media, and 
mobile applications may play a role in future approaches 
to education in anaphylaxis [98–100].

Anaphylaxis in special populations
Various groups of patients present particularities that 
affect how anaphylaxis should be managed in the ED. 
These particularities should also be taken into account 
when assessing the risk of anaphylaxis and establishing 
preventive measures.

Infants may not be able to describe their anaphylaxis 
symptoms properly, and some signs may be difficult to 
interpret (irritability, crying, somnolence, etc.), thus 
delaying diagnosis and treatment. The clinical criteria for 
diagnosis of anaphylaxis in the ED have not been specifi-
cally validated for use in this age group. The differential 
diagnosis of anaphylaxis in infants must also include 
congenital abnormalities, aspiration of a foreign body, or 
food protein-induced enterocolitis syndrome, which sel-
dom occur later in life [101].

Food allergy is the most common cause of anaphylaxis 
in childhood and has become a common health issue in 

Table 3 Summary of data that should be included in a per-
sonalized anaphylaxis emergency action plan

Patient identification (name, address, date of birth, weight)

Photograph

Specific allergens

Specific co‑factors and risk factors

Instructions on when to use epinephrine, including dosage

Additional medications, including instructions and dosage

Details of contact person

Telephone number of the local emergency service

Physician (allergist, family doctor)

Table 4 Indications for prescription of epinephrine auto-injectors

Cases requiring at least one epinephrine autoinjector device Cases requiring more than one autoinjector device

History of a previous anaphylactic reaction High body weight

Allergy to ubiquitous triggers (peanut, egg, milk) History of anaphylaxis requiring more than one dose of epinephrine

Clinical reactions even to tiny amounts of food, excluding oral allergy syndrome History of protracted or biphasic anaphylaxis

Food allergy and unstable or moderate to severe asthma Fear of possible misuse

Remote from medical help and previous mild to moderate reactions Food allergy and severe asthma

Underlying mastocytosis
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schools [102]. Around 20% of cases of anaphylaxis may 
occur in this setting [103, 104]. Nevertheless, many 
schools are insufficiently prepared to manage anaphy-
laxis [105], with limited availability of emergency action 
plans, epinephrine, and trained school staff, thus delaying 
diagnosis and transfer of patients to the ED, where man-
agement can be hampered by the lack of reliable informa-
tion. In order to improve the management of anaphylaxis 
in schools, individualized measures should include col-
laboration between parents, school personnel, and aller-
gists or paediatricians [106].

Teenagers are at greater risk for anaphylaxis owing to 
the intrinsic characteristics of this age group [98, 107, 
108]. Adolescents tend to have higher risk behaviour and 
thus minimize the consequences of transgressions, thus 
potentially leading them to disregard triggers of anaphy-
laxis. They also try to hide their allergy problems from 
others, avoid EAIs, and seek medical care only at late 
stages of the reaction. These factors may delay the rec-
ognition of an episode of anaphylaxis. Management of 
anaphylaxis in teenagers presenting at the ED may be 
hampered by misinformation (e.g., lessening of symp-
toms, hiding triggers) [109, 110]. The first experiences 
with alcohol may also act as a co-factor of severity [93].

Old age does not seem to increase the risk of anaphy-
laxis [111]. However, it has been associated with a higher 
risk of death, possibly as a consequence of comorbidities, 
polypharmacy, higher risk of hospitalization, and changes 
in the immune system, which lead to a pro-inflammatory 
state [112]. In elderly patients with anaphylaxis managed 
in the ED, age or even a history of cardiovascular disease 
is not an absolute contraindication for the administration 
of epinephrine. Nevertheless, the potential advantages 
and disadvantages must be carefully considered [76].

The prevalence of anaphylaxis, especially idiopathic ana-
phylaxis, is higher in patients with mastocytosis than in 
the general population [113]. NSAIDs and hymenoptera 
venom hypersensitivity are also frequent among these 
patients. Evaluation of patients with mastocytosis in the ED 
must take into consideration that anaphylaxis is particu-
larly severe in these cases, with cardiovascular symptoms 
being very common. In many cases, no eliciting trigger can 
be identified [114, 115]. Patients with underlying mastocy-
tosis should always be prescribed at least one EAI [116].

Conclusions
In summary, anaphylaxis may not be as uncommon as 
previously thought, and epidemiologic publications are 
prone to discrepancies owing to the different methodolo-
gies, target populations, and settings.

Anaphylaxis is not always well recognized, especially if 
hypotension is the only sign. This multisystemic disease 
may present as very different combinations of symptoms, 

and apparently mild signs may unpredictably progress to 
fatal anaphylactic shock. A rapid diagnosis leads to opti-
mal management. Fast intervention is critical. Estimation 
of circulatory, respiratory, and mental status and removal 
of the possible cause should be followed by administra-
tion of intramuscular epinephrine, which is the treatment 
of choice, with no absolute contraindications. Moreo-
ver, the risk–benefit ratio should always be assessed in 
patients with cardiovascular disease. Antihistamines and 
corticosteroids are second-choice medications. An EAI 
should always be prescribed after a suspected episode of 
anaphylaxis.

Etiologic factors suspected in the ED often differ from 
the real cause. Nonetheless, since the ED is not the 
appropriate place to study the cause of the anaphylaxis, 
a meticulous allergy workup should be offered. Special 
attention should be given to co-factors, as these may eas-
ily confound the cause of anaphylaxis.

Finally, anaphylaxis is a complex disease that should be 
well recognized and handled by any physician. We stress 
the need for increased awareness of anaphylaxis among 
health professionals, who should receive appropriate 
training to diagnose and manage it.

Abbreviations
ACE: angiotensin‑converting enzyme; BP: blood pressure; EAI: epinephrine 
auto‑injector; ED: emergency department; ICD: International Classification of 
Diseases; NSAID: nonsteroidal anti‑inflammatory drug; PEF: peak expiratory 
flow.

Authors’ contributions
AA‑P participated in the design of the review and drafted the manuscript. LKT 
drafted the manuscript and revised it critically. MLB participated in the design 
of the review, drafted the manuscript and revised it critically. All authors read 
and approved the final manuscript.

Author details
1 Allergy Service, Hospital General Universitario Gregorio Marañón, Doctor 
Esquerdo, 46, 28007 Madrid, Spain. 2 Gregorio Marañón Health Research 
Institute, Madrid, Spain. 3 Hospital Sírio Libanês, São Paulo, Brazil. 4 Division 
of Allergy, Department of Pulmonology, University Hospital of Montpel‑
lier, Montpellier, France. 5 Pierre and Marie Curie Institute of Epidemiology 
and Public Health, Sorbonne Universités, Paris, France. 6 Biomedical Research 
Network on Rare Diseases (CIBERER)‑U761, Madrid, Spain. 

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Funding
The authors declare that no funding was received for the present manuscript.



Page 8 of 10Alvarez‑Perea et al. Clin Transl Allergy  (2017) 7:45 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 26 July 2017   Accepted: 16 November 2017

References
 1. Sampson HA, Munoz‑Furlong A, Campbell RL, Adkinson NF Jr, Bock SA, 

Branum A, et al. Second symposium on the definition and manage‑
ment of anaphylaxis: summary report—Second National Institute of 
Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network 
symposium. J Allergy Clin Immunol. 2006;117:391–7.

 2. Simons FER, Ardusso LR, Bilò M, Cardona V, Ebisawa M, El‑Gamal YM, 
et al. International consensus on (ICON) anaphylaxis. World Allergy 
Organ J. 2014;7:9.

 3. Muraro A, Roberts G, Worm M, Bilò MB, Brockow K, Fernández Rivas M, 
et al. Anaphylaxis: guidelines from the European Academy of Allergy 
and Clinical Immunology. Allergy. 2014;69:1026–45.

 4. Lieberman P, Nicklas RA, Oppenheimer J, Kemp SF, Lang DM, Bernstein 
DI, et al. The diagnosis and management of anaphylaxis practice 
parameter: 2010 update. J Allergy Clin Immunol. 2010;126:442–77.

 5. Simons FER, Ardusso LRF, Bilò MB, El‑Gamal YM, Ledford DK, Ring J, et al. 
World Allergy Organization guidelines for the assessment and manage‑
ment of anaphylaxis. World Allergy Organ J. 2011;4:13–37.

 6. Kastner M, Harada L, Waserman S. Gaps in anaphylaxis management 
at the level of physicians, patients, and the community: a systematic 
review of the literature. Allergy. 2010;65:435–44.

 7. Wang J, Sicherer SH, Nowak‑Wegrzyn A. Primary care physicians’ 
approach to food‑induced anaphylaxis: a survey. J Allergy Clin Immu‑
nol. 2004;114:689–91.

 8. Krugman SD, Chiaramonte DR, Matsui EC. Diagnosis and management 
of food‑induced anaphylaxis: a national survey of pediatricians. Pediat‑
rics. 2006;118:e554–60.

 9. Lowe G, Kirkwood E, Harkness S. Survey of anaphylaxis management by 
general practitioners in Scotland. Scott Med J. 2010;55:11–4.

 10. Erkoçoǧlu M, Civelek E, Azkur D, Özcan C, Öztürk K, Kaya A, et al. 
Knowledge and attitudes of primary care physicians regarding food 
allergy and anaphylaxis in Turkey. Allergol Immunopathol (Madr). 
2013;41:292–7.

 11. Baççioğlu A, Yilmazel Uçar E. Level of knowledge about anaphylaxis 
among health care providers. Tuberk Toraks. 2013;61:140–6.

 12. Gómez Galán C, Ferré Ybarz L, Peña Peloche MA, Sansosti Viltes A, de 
la Borbolla Morán JM, Torredemer Palau A, et al. Intention to prescribe 
self‑injectable epinephrine: are there differences depending on who 
assesses the patient post‑reaction? Allergol Immunopathol (Madr). 
2015;43:286–91.

 13. Chung T, Gaudet L, Vandenberghe C, Couperthwaite S, Sookram S, 
Liss K, et al. Pre‑hospital management of anaphylaxis in one Canadian 
Urban Centre. Resuscitation. 2014;85:1077–82.

 14. Kimchi N, Clarke A, Moisan J, Lachaine C, La Vieille S, Asai Y, et al. 
Anaphylaxis cases presenting to primary care paramedics in Quebec. 
Immun Inflamm Dis. 2015;3:406–10.

 15. Saleh‑Langenberg J, Dubois AEJ, Groenhof F, Kocks JWH, van der Molen 
T, Flokstra‑de Blok BMJ. Epinephrine auto‑injector prescriptions to food‑
allergic patients in primary care in The Netherlands. Allergy Asthma Clin 
Immunol. 2015;11:28.

 16. Panesar SS, Javad S, De Silva D, Nwaru BI, Hickstein L, Muraro A, et al. 
The epidemiology of anaphylaxis in Europe: a systematic review. 
Allergy. 2013;68:1353–61.

 17. Wood RA, Camargo CA, Lieberman P, Sampson HA, Schwartz LB, Zitt M, 
et al. Anaphylaxis in America: the prevalence and characteristics of ana‑
phylaxis in the United States. J Allergy Clin Immunol. 2014;133:461–7.

 18. Tanno LK, Ganem F, Demoly P, Toscano CM, Bierrenbach AL. Undernoti‑
fication of anaphylaxis deaths in Brazil due to difficult coding under the 
ICD‑10. Allergy. 2012;67:783–9.

 19. Tanno LK, Calderon MA, Goldberg BJ, Akdis CA, Papadopoulos NG, 
Demoly P. Categorization of allergic disorders in the new World Health 

Organization International Classification of Diseases. Clin Transl Allergy. 
2014;4:42.

 20. Moro Moro M, Tejedor Alonso MA, Esteban Hernandez J, Mugica Garcia 
MV, Rosado Ingelmo A, Vila Albelda C. Incidence of anaphylaxis and 
subtypes of anaphylaxis in a general hospital emergency department. J 
Invest Allergol Clin Immunol. 2011;21:142–9.

 21. Smit DV, Cameron PA, Rainer TH. Anaphylaxis presentations to an emer‑
gency department in Hong Kong: incidence and predictors of biphasic 
reactions. J Emerg Med. 2005;28:381–8.

 22. Bellou A, Manel J, Samman‑Kaakaji H, de Korwin JD, Moneret‑Vautrin 
DA, Bollaert PE, et al. Spectrum of acute allergic diseases in an emer‑
gency department: an evaluation of one years’ experience. Emerg Med. 
2003;15:341–7.

 23. Brown AF, McKinnon D, Chu K. Emergency department anaphylaxis: 
a review of 142 patients in a single year. J Allergy Clin Immunol. 
2001;108:861–6.

 24. Campbell RL, Luke A, Weaver AL, St Sauver JL, Bergstralh EJ, Li JT, et al. 
Prescriptions for self‑injectable epinephrine and follow‑up referral in 
emergency department patients presenting with anaphylaxis. Ann 
Allergy Asthma Immunol. 2008;101:631–6.

 25. Beyer K, Eckermann O, Hompes S, Grabenhenrich L, Worm M. Ana‑
phylaxis in an emergency setting—elicitors, therapy and incidence of 
severe allergic reactions. Allergy. 2012;67:1451–6.

 26. Cianferoni A, Novembre E, Mugnaini L, Lombardi E, Bernardini R, Pucci 
N, et al. Clinical features of acute anaphylaxis in patients admitted to a 
university hospital: an 11‑year retrospective review (1985–1996). Ann 
Allergy Asthma Immunol. 2001;87:27–32.

 27. Poachanukoon O, Paopairochanakorn C. Incidence of anaphylaxis in the 
emergency department: a 1‑year study in a university hospital. Asian 
Pac J Allergy Immunol. 2006;24:111–6.

 28. Alvarez‑Perea A, Tomás‑Pérez M, Martínez‑Lezcano P, Marco G, Pérez D, 
Zubeldia JMM, et al. Anaphylaxis in adolescent/adult patients treated in 
the emergency department: differences between initial impressions and 
the definitive diagnosis. J Invest Allergol Clin Immunol. 2015;25:288–94.

 29. Turner PJ, Gowland MH, Sharma V, Ierodiakonou D, Harper N, Garcez T, 
et al. Increase in anaphylaxis‑related hospitalizations but no increase 
in fatalities: an analysis of United Kingdom national anaphylaxis data, 
1992–2012. J Allergy Clin Immunol. 2015;135:956–.

 30. Liew WK, Williamson E, Tang MLK. Anaphylaxis fatalities and admissions 
in Australia. J Allergy Clin Immunol. 2009;123:434–42.

 31. Tanno LK, Bierrenbach AL, Calderon MA, Sheikh A, Simons FER, Demoly 
P, et al. Decreasing the undernotification of anaphylaxis deaths in Brazil 
through the International Classification of Diseases (ICD)‑11 revision. 
Allergy. 2017;72:120–5.

 32. Neugut AI, Ghatak AT, Miller RL. Anaphylaxis in the United States. Arch 
Intern Med. 2001;161:15.

 33. Gurish M, Castells M. Mast cells: surface receptors and signal transduc‑
tion. UpToDate. 2017. http://www.uptodate.com. Accessed 1 Oct 2017.

 34. Metcalfe DD, Peavy RD, Gilfillan AM. Mechanisms of mast cell signaling 
in anaphylaxis. J Allergy Clin Immunol. 2009;124:639–46.

 35. Strait RT, Morris SC, Yang M, Qu X‑W, Finkelman FD. Pathways of ana‑
phylaxis in the mouse. J Allergy Clin Immunol. 2002;109:658–68.

 36. Rivera J, Gilfillan AM. Molecular regulation of mast cell activation. J 
Allergy Clin Immunol. 2006;117:1214–25.

 37. Muñoz‑Cano R, Pascal M, Bartra J, Picado C, Valero A, Kim D‑K, et al. Dis‑
tinct transcriptome profiles differentiate nonsteroidal anti‑inflammatory 
drug‑dependent from nonsteroidal anti‑inflammatory drug‑independ‑
ent food‑induced anaphylaxis. J Allergy Clin Immunol. 2016;137:137–46.

 38. Muraro A, Werfel T, Hoffmann‑Sommergruber K, Roberts G, Beyer K, 
Bindslev‑Jensen C, et al. EAACI food allergy and anaphylaxis guidelines: 
diagnosis and management of food allergy. Allergy. 2014;69:1008–25.

 39. Worm M, Edenharter G, Ruëff F, Scherer K, Pföhler C, Mahler V, et al. 
Symptom profile and risk factors of anaphylaxis in Central Europe. 
Allergy Eur J Allergy Clin Immunol. 2012;67:691–8.

 40. Harduar‑Morano L, Simon MR, Watkins S, Blackmore C. Algorithm for 
the diagnosis of anaphylaxis and its validation using population‑based 
data on emergency department visits for anaphylaxis in Florida. J 
Allergy Clin Immunol. 2010;126:98–104.e4.

 41. Tanno LK, Calderon MA, Li J, Casale T, Demoly P. Updating allergy and/
or hypersensitivity diagnostic procedures in the WHO ICD‑11 revision. J 
Allergy Clin Immunol Pract. 2016;4:650–7.

http://www.uptodate.com


Page 9 of 10Alvarez‑Perea et al. Clin Transl Allergy  (2017) 7:45 

 42. Sala‑Cunill A, Cardona V. Biomarkers of anaphylaxis, beyond tryptase. 
Curr Opin Allergy Clin Immunol. 2015;15:329–36.

 43. Simons FE, Frew AJ, Ansotegui IJ, Bochner BS, Golden DB, Finkelman FD, 
et al. Risk assessment in anaphylaxis: current and future approaches. J 
Allergy Clin Immunol. 2007;120:S2–24.

 44. Simons FE. Anaphylaxis. J Allergy Clin Immunol. 2010;125:S161–81.
 45. Mayorga C, Celik G, Rouzaire P, Whitaker P, Bonadonna P, Rodrigues‑

Cernadas J, et al. In vitro tests for drug hypersensitivity reactions: an 
ENDA/EAACI Drug Allergy Interest Group position paper. Allergy. 
2016;71:1103–34.

 46. Ansley L, Bonini M, Delgado L, Del Giacco S, Du Toit G, Khaitov M, et al. 
Pathophysiological mechanisms of exercise‑induced anaphylaxis: 
an EAACI position statement. Allergy Eur J Allergy Clin Immunol. 
2015;70:1212–21.

 47. Palosuo K, Varjonen E, Nurkkala J, Kalkkinen N, Harvima R, Reunala T, 
et al. Transglutaminase‑mediated cross‑linking of a peptic fraction 
of ω‑5 gliadin enhances IgE reactivity in wheat‑dependent, exercise‑
induced anaphylaxis. J Allergy Clin Immunol. 2003;111:1386–92.

 48. Muñoz‑Cano RM, Bartra J, Picado C, Valero A. Mechanisms of anaphy‑
laxis beyond IgE. J Invest Allergol Clin Immunol. 2016;26:73–82.

 49. Dhami S, Panesar SS, Roberts G, Muraro A, Worm M, Bilò MB, 
et al. Management of anaphylaxis: a systematic review. Allergy. 
2014;69:168–75.

 50. Simons FER, Ebisawa M, Sanchez‑Borges M, Thong BY, Worm M, Tanno 
LK, et al. 2015 update of the evidence base: World Allergy Organization 
anaphylaxis guidelines. World Allergy Organ J. 2015;8:32.

 51. Dhami S, Sheikh A, Muraro A, Roberts G, Halken S, Fernandez Rivas M, 
et al. Quality indicators for the acute and long‑term management of 
anaphylaxis: a systematic review. Clin Transl Allergy. 2017;7:15.

 52. Pumphrey RSH. Fatal posture in anaphylactic shock. J Allergy Clin 
Immunol. 2003;112:451–2.

 53. Soar J, Pumphrey R, Cant A, Clarke S, Corbett A, Dawson P, et al. Emer‑
gency treatment of anaphylactic reactions—guidelines for healthcare 
providers. Resuscitation. 2008;77:157–69.

 54. Tole JW, Lieberman P. Biphasic anaphylaxis: review of incidence, clinical 
predictors, and observation recommendations. Immunol Allergy Clin N 
Am. 2007;27:309–26.

 55. Lee S, Bellolio MF, Hess EP, Erwin P, Murad MH, Campbell RL. Time of 
onset and predictors of biphasic anaphylactic reactions: a sys‑
tematic review and meta‑analysis. J Allergy Clin Immunol Pract. 
2015;3:408–416e2.

 56. Simons FE, Sheikh A. Evidence‑based management of anaphylaxis. 
Allergy. 2007;62:827–9.

 57. Simons FER. Pharmacologic treatment of anaphylaxis: can the 
evidence base be strengthened? Curr Opin Allergy Clin Immunol. 
2010;10:384–93.

 58. Sheikh A, Ten Broek V, Brown SG, Simons FE. H1‑antihistamines for 
the treatment of anaphylaxis: Cochrane systematic review. Allergy. 
2007;62:830–7.

 59. Simons KJ, Simons FE. Epinephrine and its use in anaphylaxis: current 
issues. Curr Opin Allergy Clin Immunol. 2010;10:354–61.

 60. Kemp SF, Lockey RF, Simons FE. Epinephrine: the drug of choice for 
anaphylaxis. A statement of the World Allergy Organization. Allergy. 
2008;63:1061–70.

 61. McLean‑Tooke APC, Bethune CA, Fay AC, Spickett GP. Adrenaline in the 
treatment of anaphylaxis: what is the evidence? BMJ. 2003;327:1332–5.

 62. Brown SGA. Cardiovascular aspects of anaphylaxis: implications 
for treatment and diagnosis. Curr Opin Allergy Clin Immunol. 
2005;5:359–64.

 63. Anchor J, Settipane RA. Appropriate use of epinephrine in anaphylaxis. 
Am J Emerg Med. 2004;22:488–90.

 64. Fleming JT, Clark S, Camargo CA, Rudders SA. Early treatment of food‑
induced anaphylaxis with epinephrine is associated with a lower risk of 
hospitalization. J Allergy Clin Immunol Pract. 2015;3:57–62.

 65. Xu YS, Kastner M, Harada L, Xu A, Salter J, Waserman S. Anaphylaxis‑
related deaths in Ontario: a retrospective review of cases from 1986 to 
2011. Allergy Asthma Clin Immunol. 2014;10:38.

 66. Simons FE, Roberts JR, Gu X, Simons KJ. Epinephrine absorption 
in children with a history of anaphylaxis. J Allergy Clin Immunol. 
1998;101:33–7.

 67. Simons FE, Gu X, Simons KJ. Epinephrine absorption in adults: 
intramuscular versus subcutaneous injection. J Allergy Clin Immunol. 
2001;108:871–3.

 68. Campbell RL, Bellolio MF, Knutson BD, Bellamkonda VR, Fedko MG, Nes‑
tler DM, et al. Epinephrine in anaphylaxis: higher risk of cardiovascular 
complications and overdose after administration of intravenous bolus 
epinephrine compared with intramuscular epinephrine. J Allergy Clin 
Immunol Pract. 2015;3:76–80.

 69. Manivannan V, Campbell RL, Bellolio MF, Stead LG, Li JTC, Decker WW. 
Factors associated with repeated use of epinephrine for the treatment 
of anaphylaxis. Ann Allergy Asthma Immunol. 2009;103:395–400.

 70. Korenblat P, Lundie MJ, Dankner RE, Day JH. A retrospective study 
of epinephrine administration for anaphylaxis: how many doses are 
needed? Allergy Asthma Proc. 1999;20:383–6.

 71. Järvinen KM, Sicherer SH, Sampson HA, Nowak‑Wegrzyn A. Use of 
multiple doses of epinephrine in food‑induced anaphylaxis in children. 
J Allergy Clin Immunol. 2008;122:133–8.

 72. Bautista E, Simons FER, Simons KJ, Becker AB, Duke K, Tillett M, et al. 
Epinephrine fails to hasten hemodynamic recovery in fully developed 
canine anaphylactic shock. Int Arch Allergy Immunol. 2002;128:151–64.

 73. Simons FER. First‑aid treatment of anaphylaxis to food: focus on epi‑
nephrine. J Allergy Clin Immunol. 2004;113:837–44.

 74. Kanwar M, Irvin CB, Frank JJ, Weber K, Rosman H. Confusion about 
epinephrine dosing leading to iatrogenic overdose: a life‑threatening 
problem with a potential solution. Ann Emerg Med. 2010;55:341–4.

 75. Sicherer SH, Simons FER. Epinephrine for first‑aid management of 
anaphylaxis. Pediatrics. 2017;139:e20164006.

 76. Lieberman P, Simons FER. Anaphylaxis and cardiovascular disease: 
therapeutic dilemmas. Clin Exp Allergy. 2015;45:1288–95.

 77. Triggiani M, Patella V, Staiano RI, Granata F, Marone G. Allergy and the 
cardiovascular system. Clin Exp Immunol. 2008;153:7–11.

 78. Choo KJ, Simons E, Sheikh A. Glucocorticoids for the treatment of 
anaphylaxis: Cochrane systematic review. Allergy. 2010;65:1205–11.

 79. Nurmatov UB, Rhatigan E, Simons FER, Sheikh A. H2‑antihistamines 
for the treatment of anaphylaxis with and without shock: a systematic 
review. Ann Allergy Asthma Immunol. 2014;112:126–31.

 80. Boyce JA, Assa’ad A, Burks AW, Jones SM, Sampson HA, NIAID‑
Sponsored Expert Panel JA, et al. Guidelines for the diagnosis and 
management of food allergy in the United States: report of the NIAID‑
sponsored expert panel. J Allergy Clin Immunol. 2010;126:S1–58.

 81. Park JH, Godbold JH, Chung D, Sampson HA, Wang J. Comparison of 
cetirizine and diphenhydramine in the treatment of acute food‑
induced allergic reactions. J Allergy Clin Immunol. 2011;128:1127–8.

 82. Lin RY, Curry A, Pesola GR, Knight RJ, Lee HS, Bakalchuk L, et al. 
Improved outcomes in patients with acute allergic syndromes who 
are treated with combined H1 and H2 antagonists. Ann Emerg Med. 
2000;36:462–8.

 83. Waserman S, Chad Z, Francoeur MJ, Small P, Stark D, Vander Leek TK, 
et al. Management of anaphylaxis in primary care: Canadian expert 
consensus recommendations. Allergy Eur J Allergy Clin Immunol. 
2010;65:1082–92.

 84. Campbell RL, Park MA, Kueber MA, Lee S, Hagan JB. Outcomes of 
allergy/immunology follow‑up after an emergency department evalua‑
tion for anaphylaxis. J Allergy Clin Immunol Pract. 2015;3:88–93.

 85. Alvarez‑Perea A, Ameiro B, Morales C, Zambrano G, Rodriguez A, Guz‑
man M, et al. Anaphylaxis in the Pediatric Emergency Department: 
analysis of 133 cases after an allergy workup. J Allergy Clin Immunol 
Pract. 2017;5:1256–63.

 86. Altman AM, Camargo CAJ, Simons FER, Lieberman PPL, Sampson 
HA, Schwartz LB, et al. Risk factors for severe anaphylaxis in patients 
receiving anaphylaxis treatment in US emergency departments and 
hospitals. J Allergy Clin Immunol. 2014;127:461–7.

 87. Castells MC. A new era for drug desensitizations. J Allergy Clin Immunol 
Pract. 2015;3:639–40.

 88. Alfaya Arias T, Soriano Gómis V, Soto Mera T, Vega Castro A, Vega Gutiér‑
rez J, Alonso Llamazares A, et al. Key issues in hymenoptera venom 
allergy: an update. J Invest Allergol Clin Immunol. 2017;27:19–31.

 89. Nurmatov U, Dhami S, Arasi S, Pajno GB, Fernandez‑Rivas M, Muraro A, 
et al. Allergen immunotherapy for IgE‑mediated food allergy: a system‑
atic review and meta‑analysis. Allergy. 2017;72:1133–47.



Page 10 of 10Alvarez‑Perea et al. Clin Transl Allergy  (2017) 7:45 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 90. El‑Qutob D. Off‑label uses of omalizumab. Clin Rev Allergy Immunol. 
2016;50:84–96.

 91. Wang J, Sicherer SH. Guidance on completing a written allergy and 
anaphylaxis emergency plan. Pediatrics. 2017;139:e20164005.

 92. Campbell R, Bellolio M, Motosue M, Sunga K, Lohse C, Rudis M. Auto‑
injectors preferred for intramuscular epinephrine in anaphylaxis and 
allergic reactions. West J Emerg Med. 2016;172:775–82.

 93. Niggemann B, Beyer K. Adrenaline autoinjectors in food allergy: in for a 
cent, in for a euro? Pediatr Allergy Immunol. 2012;23:506–8.

 94. Pinczower GD, Bertalli NA, Bussmann N, Hamidon M, Allen KJ, Dunngal‑
vin A, et al. The effect of provision of an adrenaline autoinjector on 
quality of life in children with food allergy. J Allergy Clin Immunol. 
2013;131:238–41.

 95. Brockow K, Schallmayer S, Beyer K, Biedermann T, Fischer J, Gebert N, 
et al. Effects of a structured educational intervention on knowledge 
and emergency management in patients at risk for anaphylaxis. Allergy. 
2015;70:227–35.

 96. Salter SM, Vale S, Sanfilippo FM, Loh R, Clifford RM. Long‑term effective‑
ness of online anaphylaxis education for pharmacists. Am J Pharm 
Educ. 2014;78:136.

 97. Lee K, Hoti K, Hughes JD, Emmerton LM, Platt T. Interventions to assist 
health consumers to find reliable online health information: a compre‑
hensive review. PLoS ONE. 2014;9:e94186.

 98. Gallagher M, Worth A, Cunningham‑Burley S, Sheikh A. Strategies for 
living with the risk of anaphylaxis in adolescence: qualitative study of 
young people and their parents. Prim Care Respir J. 2012;21:392–7.

 99. D’Amato G, Vitale C, Mormile M, Vatrella A, D’Amato M. The impact 
of social and digital media on asthmatic adolescents. Pediatr Allergy 
Immunol. 2016;27:650–1.

 100. González‑de‑Olano D, Botella‑Padilla I. Respiratory allergy buzz on the 
Internet. J Allergy Clin Immunol Pract. 2017;5:187–8.

 101. Simons FER, Sampson HA. Anaphylaxis: unique aspects of clinical diag‑
nosis and management in infants (birth to age 2 years). J Allergy Clin 
Immunol. 2015;135:1125–31.

 102. Muraro A, Roberts G, Clark A, Eigenmann PA, Halken S, Lack G, et al. 
The management of anaphylaxis in childhood: position paper of the 
European academy of allergology and clinical immunology. Allergy. 
2007;62:857–71.

 103. Sicherer SH, Mahr T. American Academy of Pediatrics Section on Allergy 
and Immunology. Management of food allergy in the school setting. 
Pediatrics. 2010;126:1232–9.

 104. Muraro A, Clark A, Beyer K, Borrego LM, Borres M, Lødrup Carlsen KC, 
et al. The management of the allergic child at school: EAACI/GA2LEN 
Task Force on the allergic child at school. Allergy. 2010;65:681–9.

 105. Polloni L, Lazzarotto F, Toniolo A, Ducolin G, Muraro A. What do school 
personnel know, think and feel about food allergies? Clin Transl Allergy. 
2013;3:39.

 106. Muraro A, Agache I, Clark A, Sheikh A, Roberts G, Akdis CA, et al. EAACI 
Food Allergy and Anaphylaxis Guidelines: managing patients with food 
allergy in the community. Allergy. 2014;69:1046–57.

 107. Monks H, Gowland MH, MacKenzie H, Erlewyn‑Lajeunesse M, King R, 
Lucas JS, et al. How do teenagers manage their food allergies? Clin Exp 
Allergy. 2010;40:1533–40.

 108. MacKenzie H, Roberts G, Van Laar D, Dean T. Teenagers’ experiences 
of living with food hypersensitivity: a qualitative study. Pediatr Allergy 
Immunol. 2009;21:595–602.

 109. Sampson MA, Muñoz‑Furlong A, Sicherer SH. Risk‑taking and coping 
strategies of adolescents and young adults with food allergy. J Allergy 
Clin Immunol. 2006;117:1440–5.

 110. Gallagher M, Worth A, Cunningham‑Burley S, Sheikh A. Epinephrine 
auto‑injector use in adolescents at risk of anaphylaxis: a qualitative 
study in Scotland, UK. Clin Exp Allergy. 2011;41:869–77.

 111. Ventura MT, Scichilone N, Gelardi M, Patella V, Ridolo E. Management 
of allergic disease in the elderly: key considerations, recommendations 
and emerging therapies. Expert Rev Clin Immunol. 2015;11:1219–28.

 112. González‑de‑Olano D, Lombardo C, González‑Mancebo E. The difficult 
management of anaphylaxis in the elderly. Curr Opin Allergy Clin 
Immunol. 2016;16:352–60.

 113. González De Olano D, De La Hoz Caballer B, Núñez López R, Sánchez 
Muñoz L, Cuevas Agustín M, Diéguez MC, et al. Prevalence of allergy 
and anaphylactic symptoms in 210 adult and pediatric patients with 
mastocytosis in Spain: a study of the Spanish network on mastocytosis 
(REMA). Clin Exp Allergy. 2007;37:1547–55.

 114. Prieto‑García A, Álvarez‑Perea A, Matito A, Sánchez‑Muñoz L, Morgado 
JM, Escribano L, et al. Systemic mastocytosis presenting as IgE‑medi‑
ated food‑induced anaphylaxis: a report of two cases. J Allergy Clin 
Immunol Pract. 2015;3:456–8.

 115. Schuch A, Brockow K. Mastocytosis and anaphylaxis. Immunol Allergy 
Clin N Am. 2017;37:153–64.

 116. Gülen T, Ljung C, Nilsson G, Akin C, Nilsson G, Noel P, et al. Risk factor 
analysis of anaphylactic reactions in patients with systemic mastocyto‑
sis. J Allergy Clin Immunol Pract. 2017;44:1179–87.




