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Applying prevention concepts to anaphylaxis: A call for
worldwide availability of adrenaline auto-injectors

1 | WE URGENTLY NEED TO APPLY
PREVENTION CONCEPTS TO ANAPHYLAXIS

1.1 | Anaphylaxis: a public health issue

Anaphylaxis is currently recognized as a severe, immediate systemic

allergic or hypersensitivity reaction characterized by rapid onset and

the potential to endanger life through respiratory and cardiovascular

compromise.1 Anaphylaxis can be considered a syndrome with a

constellation of features and signs, not pathognomonic of only one

disease. This multi-faceted condition can manifest at any age, and all

healthcare professionals may be faced with it. All anaphylaxis guideli-

nes2-5 consistently highlight the possibility of death during an ana-

phylactic episode.

The estimated annual direct cost of anaphylaxis is $1.2 billion in

the United States of America6 and 4.8 million € in France.7 The esti-

mated annual number of anaphylaxis deaths ranges from 0.12 to

1.12 per million population per year and differs from country to

country.8-10 However, healthcare providers frequently underreport

anaphylaxis because of the unexpected nature of the event, lack of

accurate diagnosis, multi-faceted presentations involving various

organ systems resulting in inappropriate coding and a lack of accu-

rate diagnostic coding of anaphylaxis itself also contributes to under-

diagnosis of non-fatal cases and underestimation of fatalities.9 More

precise classification and coding have proved to enable the accumu-

lation of accurate mortality data10; therefore, the allergy and hyper-

sensitivity subsection of the forthcoming 11th version of the

International Classification of Disease (ICD-11) will support the

determination of more accurate costs of life-threatening anaphylaxis

vs the costs related to preventive measures.

Due to the multi-dimensional clinical presentations, risk of fatal-

ity and the possibility of occurring in any setting, the allergy commu-

nity has designated anaphylaxis as a high priority public health issue.

From a public health point of view, preventing the disease (or injury)

by finding the underlying cause of fatality through death certificates

results in the greatest health gain. In most countries, mortality

statistics are routinely compiled according to regulations and recom-

mendations adopted by the World Health Assembly (WHA). Causes of

deaths are classified and grouped according to the ICD edition in use

at the time, and the information on death certificates is collected using

the international form recommended by the WHO. Although anaphy-

laxis appears to be increasing in frequency, it has never been consid-

ered as an underlying cause of death. Due to under-diagnosis and

under-reporting, published data likely represent “the tip of the ice-

berg.”

1.2 | Prevention in the context of public health

Conceptually, from the World Health Organization (WHO) perspec-

tive, public health is defined as “the science and art of science of

preventing disease, prolonging life and promoting health through the

organized efforts of society”.11 Although nowadays public health

encompasses a wide range of areas including chronic diseases,

science of ageing and the influence of epigenetics, public health

actions generally become necessary when increased morbidity and

mortality and lack of appropriate epidemiologic data are associated

with a specific disorder. In these situations, strategic preventive

interventions at national and international levels are launched.

For anaphylaxis, although the allergy community has made sub-

stantial efforts to develop documents that advocate increased

awareness and optimal management,1-5 there has been no tangible

progress. Up until recently, there had never been a consensus about

the universal language and coding required for use in diagnosis of

anaphylaxis in many different healthcare settings. This was a road-

block to obtaining the accurate morbidity12 and mortality9 epidemio-

logical data required for decision-making about preventive actions

and adequate allocation of resources. Most anaphylaxis research

data have addressed specific populations or triggers, which does not

facilitate a global view from the public health perspective.

The repercussions are clear in clinical practice. In contrast to

chronic respiratory diseases, assigned as non-communicable condi-

tions by the WHO, and therefore considered a high investment pri-

ority in all healthcare settings, anaphylaxis is still not universally

recognized at the same level. The improved recognition of anaphy-

laxis in the ICD-1110,13,14 is a major step forward, but this will not

be in place before 2018 and new data will not be generated before

2020. Regardless of national regulations, one of the main
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consequences is the lack of global availability of adrenaline auto-

injectors (AAIs) as the first-line treatment for this condition (Fig-

ure 1).

As public health’s core mission is prevention of injury or disease,

there are many potential strategic interventions (Table 1). In concept,

the levels of prevention follow the natural history of disorders (Fig-

ure 2), and for this reason, the application of the prevention aims

differs in each disease or group of diseases. Here we review preven-

tion concepts and apply them to anaphylaxis in order to support

awareness, to reach a consensus regarding the best management of

this condition and to strengthen the need for global availability of

AAIs as an essential treatment for anaphylaxis (Figure 1). Indeed,

fewer than 35% of the world population have access to AAIs (Fig-

ure 1).

1.3 | Prevention concepts applied to anaphylaxis

Taking the concept of prevention levels and applying it to anaphy-

laxis (Table 1), facilitates understanding that the measures proposed

as primary and secondary preventions are addressed mostly to

asymptomatic conditions, in which the main concerns are identifying

individuals who are at risk and sensitized, or populations at risk and

sensitized. The concepts considered here may depend on the per-

spectives of each specialty. As an example, screening for asthma in

patients with diagnosed allergic rhinitis is secondary prevention mea-

sure for the allergy community, although a primary prevention mea-

sure for other specialties.

The context of primary and secondary preventions addresses

additional questions: How should individuals or populations at risk be

defined? In general, most anaphylaxis guidelines or consensus state-

ments typically uses the term risk factors in cases for which patients

experienced anaphylaxis to better understand underlying pathophysi-

ology and avoid new reactions. Therefore, in the clinical context, it is

applied as a tertiary prevention measure, in contrast to the concepts

used in primary prevention. Most of the risk factors described, such

as age (infancy, adolescence, advanced age), physiologic state (preg-

nancy), concomitant diseases including asthma, cardiovascular dis-

eases and mast cell disorders with or without mastocytosis, and/or

concurrent medications such as beta-blockers and angiotensin-con-

verting enzyme inhibitors2 are considered under tertiary prevention

context. However, each of these risk factors could support individual

specific recommendations, exemplified by the early introduction of

peanut in the diet of children at risk for peanut allergy15 or banning

of powdered latex gloves in hospitals to prevent occupational respi-

ratory allergies and anaphylaxis.16 Therefore, considering the concept

of primary prevention applied to anaphylaxis, individuals or popula-

tions at risk are those presenting with specific risk factor(s) that

increase the susceptibility of sensitization (eg bee keepers have

potential risk of sensitization due to frequency of exposure to Hyme-

noptera venom allergens).17

Secondary prevention actions in the context of anaphylaxis aim to

identify sensitized individuals in order to prevent the development of

allergic disorders. Although validated scientific data are lacking to sup-

port the screening the whole population for sensitization, it might be

appropriate to do so in individuals with known risk factors. An example

of secondary prevention to avoid development of anaphylaxis is the

use of latex-free gloves and latex-free medical settings for patients

with neural tube defects and known latex sensitization.18

Tertiary prevention actions are the most familiar for allergists,

indeed for all physicians, world-wide who are involved in clinical

medicine. A main concern of the allergy community is related to ter-

tiary prevention as it is addressed to existing allergic or hypersensi-

tivity diseases and focuses on their accurate diagnosis and

management in order to avoid new exacerbations or reactions. In

the context of anaphylaxis, whether immunologic or non-immunolo-

gic in aetiology, episodes involve multi-system presentation and can

be potentially fatal. All heathcare professionals should be prepared

to recognize anaphylaxis promptly, manage it properly and provide

recommendations for prevention of the next episode. Patients, too,

should be prepared to recognize and self-treat anaphylaxis promptly.

F IGURE 1 Global availability of
adrenaline auto-injectors (adapted from 34,
38)
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Therefore, AAIs as the first-line treatment should be globally avail-

able in both private and public (eg school) settings and heath net-

works to be used for any individual who develops anaphylaxis.

Essential is aligning international and national efforts for increas-

ing awareness and availability of generic devices of AAIs. As an

example, in 2013, President Obama signed the School Access to

Emergency Epinephrine Act into law. This federal legislation provides

a financial incentive for states to enact their own laws requiring

schools to keep student non-specific epinephrine auto-injectors in

case of an emergency.19 Nearly every state has passed legislation

regarding stocking undesignated epinephrine auto-injectors in K-12

schools. As another example, the state of Florida passed a law to

allow public facilities such as amusement parks, sports leagues,

camps, city parks, restaurants and other businesses to maintain a

large number of epinephrine auto-injectors for emergency treatment

of anaphylaxis.20

2 | STRATEGIC INTERVENTIONS TO
PREVENT ANAPHYLAXIS: ACHIEVEMENTS
AND UNMET NEEDS

2.1 | Preventive measures for anaphylaxis: past/
current initiatives

Conceptually, appropriate preventive actions should occur at both

individual and population levels (Figure 2) and most of them are

given (or taken) concurrently. Most population interventions have

historically focused on primary and secondary prevention measures

(Table 1). The allergy community has been promoting anaphylaxis

awareness to both health professionals1-5 and the general public.

Meanwhile, actions to strengthen standard international definitions,

notification tools, classification and coding to support obtaining more

accurate morbidity and mortality10 anaphylaxis data are ongoing.

This is exemplified by the efforts taken to have an improved classifi-

cation of allergic and hypersensitivity conditions in ICD-11 revi-

sion,9,10,12,13,21-31 which resulted in the construction of a pioneer

section entitled “Allergic and hypersensitivity conditions,” in which

anaphylaxis is one of the main headings.13,14 The construction of the

new section dealing with anaphylaxis means that the latter will now

be recognized as a clinical condition requiring specific documentation

and management.

The goals of tertiary prevention include reducing the negative

impact or progression of an already-established condition and reduc-

ing complications and the risk of new reactions. In higher income

countries, great achievements have been reported in many countries

at individual and population levels (Table 1) in the past by improving

awareness, diagnostic work-up and management methods. As an

example, allergen immunotherapy (eg peanut immunotherapy for

patients allergic to peanut), which aims specific immune modulation

to modify the natural history of the disorder, is therefore considered

a tertiary prevention measure. However, we still observe discrepan-

cies in lower income and lower-middle income countries, where

some supplementary diagnostic tools, such as the tryptase measure-

ments, and high priority medications are not available.32–34

2.2 | The role of adrenaline (epinephrine) as a
preventive measure

Adrenaline (epinephrine) is listed as an essential medication for the

treatment of anaphylaxis by the WHO.35 It is a life-saving non-selec-

tive adrenergic agonist. Its a1-adrenergic vasoconstrictor activity

prevents and relieves laryngeal oedema, hypotension and shock. Its

b1-adrenergic activity produces inotropic and chronotropic effects,29

increasing the force and rate or cardiac contractions. Its b2-activity

includes bronchodilation and decreased release of mediators of

inflammation. Its effects are time-dependent, mandating a recom-

mendation for prompt administration.

Criticism related the availability of AAIs as public heath measure

can be considered as it only benefits individuals who can also access

a correct diagnosis, afford and maintain a safe unexpired supply of

the devices. Nevertheless, according to the United States Internal

Revenue Service, from the prevention perspective, medications are

preventive care when taken by a person who has developed risk fac-

tors for a disease that has not yet manifested itself or not yet

become clinically apparent, or to prevent the recurrence of a disease

from which a person has recovered.36 Therefore, the indication of

F IGURE 2 General application of prevention concepts to allergic and hypersensitivity conditions
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adrenaline (epinephrine) would be as both a secondary and a tertiary

preventive measure (Table 1).

As adrenaline (epinephrine) is the only medication documented

to prevent hospitalization and fatalities in anaphylaxis, as a clear,

critically important tertiary prevention measure, its availability in

some countries is taken for granted and it is widely available in the

community for first-aid treatment. However, it is not readily avail-

able in the majority of countries (Figure 1) in which best manage-

ment of patients with anaphylaxis is therefore impossible. Lack of

availability of this first-aid medication for immediate injection in an

anaphylactic reaction increases the risk of progression to a severe

episode and death.

Adrenaline is the key measure to prevent fatal anaphylaxis.

Although considered rare, the under-notification of anaphylaxis

deaths is a well-recognized challenge. A relevant reason for this is

the difficulty of coding anaphylaxis fatalities under the previous

WHO ICD editions.9 Recent publication demonstrated considerable

increase in sensitivity and accuracy of anaphylaxis vital statistics data

when ICD-11 was used,31 opening perspectives to reach quality ana-

phylaxis mortality statistics to support argumentation for the need of

world-wide AAIs availability.

Information about the natural history of anaphylaxis is greatest

in relationship to specific triggers or populations. Lack of uniform

data regarding the natural history of anaphylaxis hampers our under-

standing of which sensitized and exposed individuals will eventually

develop anaphylaxis and does not permit identification of patients

who are most likely to present with severe reactions in initial or sub-

sequent episodes. For this reason, adrenaline is considered to be

both a secondary and a tertiary preventive measures (Table 1). Most

of the adrenaline indications are based on clinical criteria taking in

account concepts related to previous history of reaction or sensitiza-

tion, severity of the reaction, allergy work-up and possibility of

avoiding allergen/trigger exposure, among others.

2.3 | Adrenaline auto-injector availability: a matter
of life or death

AAIs are commercially available in many devices in doses suitable

for most, but not all, adults and children. The availability of AAIs for

use in the first-aid treatment of anaphylaxis is limited to only 32%

of all 195 world countries (Figure 1). In some countries in which

AAIs are not available through official distribution networks, they

are available through distribution by special licence arrangements,

through distribution on a “named-patient” basis, or through the so-

called suitcase trade. This latter, unofficial, source is unreliable

because of the possibility of interruptions in the supply, and ship-

ping and storing AAIs under conditions outside the recommended

temperature range, leading to increased possibility of degradation of

the adrenaline (epinephrine) content. Although not ideal, in specific

situations, where AAIs are not available through official distribution

networks, some patients and families can afford to order them

online from an international pharmacy or travel to another country

to purchase them.33

A recognized limitation as a public heath measure is the lack of

direct evidence to show that AAIs improve quality of life. Indeed,

although it has been shown that the burden of treatment with AAIs

does not impair quality of life,37 there is little evidence of adrenaline

improving quality of life presumably because most clinical consulta-

tions provide diagnostic reassurance at the same time as the

prescription.

In high-resource countries, there is an increased focus on post-

discharge management after successful treatment of anaphylaxis.2

Where resources are limited, post-discharge management is severely

compromised by lack of availability and affordability of AAIs.2 The

key issues leading to the lack of availability include cost but also

national regulations, lack of regional evidence about the value of epi-

nephrine and the limited accurate data about the epidemiology of

anaphylaxis morbidity and mortality data. For these reasons, regional

and international allergy academies support the initiatives to narrow

these gaps. It is important that physicians play a role in educating

patients and other clinicians about anaphylaxis and the need for

AAIs. The availability of generic AAIs can become a reality due to

combined actions with patients, parents and lawmakers. As a suc-

cessful example, there was a congressional inquiry in United States

as to why the steep increase in epinephrine in a short amount of

time, from $100 in 2007 to over $600 in 2016. This congressional

inquiry led to the availability of generic AAI soon afterwards.

More than reviewing and applying prevention concepts to ana-

phylaxis, in this manuscript, we have tried to increase awareness and

call for the global availability of AAIs for best management of ana-

phylaxis to prevent undue morbidity and mortality. Objective and

accurate data related to anaphylaxis fatalities, impact in quality of

life and cost are essential requirements to start the discussions with

regulators for the availability of AAIs in affordable prices in different

settings of the health system. Physicians must collaborate with law-

makers, patients and pharmaceutical companies to make this possi-

ble. We here flag a strong public health, societal and academic need

for prevention and optimal care of allergic patients and best practice

of allergology.
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