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Epidemiology of anaphylaxis

Review Article
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ABSTRACT

Anaphylaxis is a hypersensitivity disease whose main features are the severity, the acute
presentation andthe possible progressionto shockand/orrespiratoryfailure unless the patient
is immediately treated. Its prevalence is not fully known, varying according to the surveyed

areas around the world, and for reasons not fully understood, its frequency and severity are
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increasing. Through epidemiological studies, it is possible to better investigate the disease,

its triggers and associated co-factors, and its prevention. This review addresses the major

epidemiological studies conducted on the topic in recent decades.
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Anaphylaxis is a severe, life-threatening, acute
systemic disease, caused by hypersensitivity reaction.
The first task force to define anaphylaxis happened in
1998" and described the condition as a generalized
reaction with pruritus, urticaria, angioedema,
hypotension, wheezing, bronchospasm, nausea,
vomiting, abdominal pain, diarrhea, uterine cramps
and cardiovascular dysfunction, all together or in a
combination of symptoms. At that time, distinction
between anaphylacticand anaphylactoid reactions was
made, according to participation or not of IgE-mediated
mechanisms, respectively.

This concept, however, was too broad and led
to many diagnostic mistakes and misunderstanding
about the real boundaries of the disease. Therefore,
it is important to keep this in mind when one analyses
older epidemiological reports.
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The first “Symposium on the Definition and
Management of Anaphylaxis,” promoted by The
National Institute of Allergy and Infectious Disease
and the Food Allergy and Anaphylaxis Network
(NIAID/FAAN)Z was held in 2004, and it became clear
the necessity of more reliable clinical parameters
for diagnosis and prompt treatment of anaphylaxis.
Finally, after one year NIAID/FAAN organized a
second symposium to establish a definition and
management procedures for anaphylaxis,3 which
are still currently used, with parameters that are
summarized on Table 1.

From that point on, the term “anaphylactoid” was
finally abandoned, due to the false idea of a less
severe reaction that was implied. Hence, anaphylactic
reactions are all those that meet the diagnostic criteria,
regardless their etiophatogenic mechanisms.4
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The current definition is widely accepted and
it is the basis for many anaphylaxis management
guidelines.>

Despite their worldwide use, the diagnostic criteria
are not absolute. Although their sensitivity is as high
as 95%, its specificity is only approximately 80%, what
means the disease can be overestimated in 20% of
the cases®. Campbell et al. (2012)® described a positive
predictive value of 68.6%, and a negative predictive value
of 98.4%, which means that presence of anaphylaxis
is highly unlikely if the patient’'s symptoms do not
fit the criteria. On the other hand, there may be a
higher probability of mistake if the patient does not
present the symptoms, since there may be a chance
of false diagnosis. The criteria are very useful in
emergency departments, since the risk of not treating
an anaphylactic reaction is higher than overdiagnosing
it. However, it is worth highlighting the importance of
more certain diagnosis and the need for a follow up
evaluation by a specialist.”

Even considering the low positive predictive value,
the biggest problem nowadaysis notoverdiagnosing. On
the contrary, we are still facing the opposite situation.
Huang et al.8 investigated several DIC-9 codes related
to allergic reactions, and crossed them with symptoms
presented by patientsin a Children Hospital Emergency
Room. Codes as “Other adverse food reactions” (995.7)
and “Allergic urticaria”(708.0) have been found later to
actually be anaphylaxis. These authors identified that

Table 1- Diagnostic criteria for anaphylaxis

physicians in Emergency Rooms often underdiagnose
patientswith anaphylaxis without cutaneous symptoms.
Harduar-Morano et al.? also pointed to the lack of a
specific code for anaphylactic reactions in DIC-9 and
estimated that 58% of the cases were underdiagnosed,
especially the ones caused by insect venom. Even DIC-
10 lacks codes related to anaphylaxis, and instead of
a specific term for the disease, it only presents terms
such as“unspecified allergy” (T78.4),“personal history of
allergy to drugs, medication and biological substances”
(288.0to0 291.0), and “anaphylactic shock” (T78.0, T78.2,
T80.5 e T88.6).

An important point is to distinguish between two
definitions often used in several epidemiological
studies. “Incidence” is the total number of new cases
in a certain place and time, indicating how frequently
a population gets a disease, and shows the probability
of new occurrences in the population. “Prevalence” is
the total number of people with that disease, both new
and old cases. Prevalent cases are those previously
diagnosed (old cases) plus the ones that were found
afterwards (new cases).’® Such definitions are crucial
for studying the different levels of the disease in a
population, and for comparing such levels across
different populations. Researching the latter also
requires compatible methodologies. However, studies
aimed at assessing either incidence and/or prevalence
of patients with allergic reactions do not always
consider the methodological variables in sources of

Anaphylaxis is highly likely when at least one of the following 3 criteria are fulfilled

1- Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal tissue,

or both, and at least one of the following:

a. Respiratory involvement (eg, dyspnea, bronchospasm, stridor, hypoxia).

b. Cardiovascular involvement (eg, hypotension, colapse).

2- Two or more of the following that occur rapidly after exposure to a likely allergen

for that patient (minutes to several hours):

. Involvement of the skin-mucosal tissue (eg, generalized hives, itch-flush, swollen lips-tongue-uvula),

a
b. Onset of cardiovascular symptoms,

c. Signs of involvement of the respiratory system,
d

. Persistent gastrointestinal symptoms (eg, crampy abdominal pain, vomiting).

3- Reduced blood pressure after exposure to a known allergen for that patient (minutes to several hours).
Hypotension is defined as a drop in systolic pressure to levels 30% below of the basal value, or < 90 mmHg for adults.

For children, low systolic arterial blood pressure is defined as lower than 70 mmHg for children 1 month to 1 year-old;
lower than (70 mmHg +[2x age]) from 1 to 10 years-old; and lower than 90 mmHg for children 11 to 17 years-old.

Modified from: Sampson HA et al.3
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information. Emergency Rooms, public and private
medical services, hospital admissions, appointments
at allergists’ offices are all valid databases, but with
specific ways of organizing and compiling information.
Given these differences in databases and methods
used, it is not easy to compare and analyze the results
presented in several studies published in this field."" A
systematic review was conducted recently to estimate
the epidemiology of anaphylaxis in Europe. More than
five thousand studies were analyzed, however, only 49
met the criteria for being valid to the comparison study,
which described an incidence varying between 1,5 and
7,9 per 100.000 people per year in that continent.’?

Asitcanbeseen, therearemanychallengesregarding
epidemiological studies on anaphylaxis. Beyond what
has been presented, one needs to consider that the
data of patients who have been admitted in emergency
services and/or have been hospitalized, do not exactly
indicate the incidence in a population, given that only
patients who are registered in the system are being
considered. Therefore, medical databases do notreflect
the reality of prevalence in a given population, since
some people do not ask for medical assistance during
an anaphylactic reaction.

Another way to evaluate the prevalence of
anaphylaxis is through self-injector epinephrine
prescription.’3 Unfortunately, this is impossible where
this kind of medication is not available, as it is the
case of Brazil.

Despitethe methodological difficulties, itis estimated
that 1 in 200 emergency medical appointments is
due to hypersensitivity reactions, from mild urticaria
to severe anaphylaxis.’ Besides, studies show that
there are as many as 50 to 200 anaphylactic reactions
for each 100.000 people, i.e., 2% approximately of a
given population may have had at least one episode
in their lifetime.’>

Another important aspect of epidemiologic studies
refers to the increasing prevalence of the disease over
time.Yocumetal.’®started aninitiative called Rochester
Epidemiology Project, which used medical records of
the population from Omstead County (MN), in the
period from 1983 to 1987 in order to evaluate this
longitudinal perspective. This research was resumed
by Decker et al.'” in the 1990's with an identical
methodology, aiming to provide some further analysis.
Thereby, it was possible to compare the anaphylaxis
prevalence across a period of time, and it was clear
that it is increasing, mainly among children and young
adults. The level was raised from 21 to 49,8 per 100.000
residents.'” Of interest is a study in Wales (UK), where
there was a fivefold increase in prevalence from 1994
to 1999.'8 There are other studies also showing this
trend, especially due to food reactions.1%-2!

Not only the prevalence, but also the severity of
anaphylaxis has been increasing.

In the UK, hospital admissions due to this disease
have increased among all age groups, going from 5 per
million in the period of 1990-1991, to 36 per million in
2003-2004.22 A more recent study has observed that
hospital admissions are still increasing in that region,
and that the disease represents 0.1% of admissions in
intensive care for children, and 0.3% for adults.??

In the USA, Lin et. al.,2* observed that hospital
admissions due to anaphylaxis in New York have
increased from 17to42 permillion of peopleinagesfrom
zeroto20yearsinthe period of 1994 to 2005. According
to another study in Florida, the levels of emergencies
caused by thisdisease were muchlower thaninnorthern
American states (6-8/1000.000 approximately).2> This
highlights the necessity of regional studies, in order
to find out local factors that intervene, such as solar
exposure which leads to higher levels of D-Vitamin.26

As mentioned above, among the causes for
anaphylaxis, food allergies are the ones that contribute
the most to the observed increase of the disease.
Hospital admissions due to food allergies in Australia
have increased more than 13% in the decade from
1995 to 2005, especially among children under 5 years.
During the same period, hospital admissions due to
other kinds of anaphylaxis increased only by 8.5%, with
emphasis in adults above 35 years.?’ It is curious to
notice that this escalation in frequency and severity
in food allergies and other types of anaphylaxis is
happening simultaneously with an overall decrease in
asthma, which has led many international societies on
the field to create specific study-groups to approach
this issue.28-30

Death caused by anaphylactic reactions is even
hardertobe estimated, giventhatthere are novalidated
post-mortem exams to diagnose the problem. The only
exception is the measurement of serum tryptase level,
which quickly returns to normal parameters after the
anaphylactic episode. Studies calculate that there are
between 0.3 to 0.6 death/million people a year caused
by anaphylaxis, and the most important etiologies are
drugs, followed by insect venom and food.3":32 Another
source indicates the lethality of anaphylaxis to be in
order of 0.65-2%.33 In hospitals and allergy clinics
in Switzerland, levels of anaphylaxis varied between
7.9 and 9.6 cases/100,000 inhabitants, with 3 deaths
registered.34 In Australia, there were 112 fatalities in
the period of 1997 to 2005 and it was noticed that
death caused by drugs had increased when compared
to other causes, which remained stable.3> In Brazil,
Tanno et. al.36 found a ratio of 0.87 death per million
of people a year, level that is too low and probably
affected by under notification.
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The triggers of anaphylaxis are also object of
several epidemiological studies and vary according to
the patient’s age: children, teenagers and young adults
are more vulnerable to food allergies, whereas elderly
people are more prompt to be affected by medication,
insects’ venom and idiopathic anaphylaxis.3” The most
common triggers vary according to the region and to
some population’s habits. In the USA, food products,
particularly peanuts, are the main cause of anaphylaxis,
followed by dried fruits, eggs and dairies for children;
and sea food and fish for adults3. Several studies
worldwide mention food products as the main etiologic
agentforanaphylaxis.3%4>Food allergies are alsorelated
to a higher occurrence of anaphylaxis.*¢ Besides food
per se, there are other substances contained in food
products, which can be hard to identify, and may be
the real cause of allergic reaction, such as mites,*7-4?
parasites (Anisakis simplex),%° food additives,>' and
foods that cross-react with other already identified
products.52 Insect venoms, particularly those from
the Hymenoptera class, are also an important cause
of anaphylaxis.>®> Whenever there is mastocytosis or
mastocyte activation syndrome, the insect venom
may lead to even worse reactions, which are harder
to treat.>* Other causes of anaphylaxis are related to
drugs such as: antibiotics (particularly beta-lactams
ones), analgesics and anti-inflammatory medications,
anesthesia medications and even apparently harmless
substances such as folic acid and vitamins.>> Other
examples of drugs causing severe reactions of
hypersensitivity are monoclonal antibodies (cetuximab,
infliximab and omalizumab);56-58 immunotherapy and
allergy skin tests,>9-60 infectious diseases prevention
vaccines, or their excipients such as gelatin, dextran
and egg traces,® radiological contrast media,®? latex,3
cold,®4 physical exercise, 5> seminal fluid®® and many
less common agents such as: glue, seeds, mold and
cleaning products'7:37, Finally, it has been recently
described a new trigger of anaphylaxis occurring in
patients with specific IgE antibody to galactose-a1,3-
galactose (a-Gal), a carbohydrate presentinnon-primate
mammalian proteins. Such patients may develop late
anaphylaxis after eating red meat.%” Table 2 shows the
main triggers of anaphylactic reactions.58

Giventhefactthatsensitization depends on exposure
to triggers as well as to genetic factors not yet fully
understood, itis possible to assume that many regional
allergen also not identified yet may be important to
some groups of patients depending on their habits
and exposure.

Beyond causal factors, there are other concomitant
reasons that can be decisive for the occurrence and
severity of the disease. They are:

- Allergy and atopy: allergic diseases poorly treated,
particularly asthma, are one of the main risk factors

for people who develop anaphylaxis, not only for
patients with IgE dependent mechanisms, but also
for those with non-IgE immunological reactions, e.g.
radiologic contrasts and physical exercise.6%-70

- Socio-economic factors: the incidence of anaphylaxis
is higher in wealthier populations, which cannot be
explained by their better access to medical services
and health insurance systems."!

- Gender: despite having a higher incidence in male
children, anaphylaxis generally affects more women
than men, because progesterone increases both
histaminerelease and sensitivity ofthe targetorgans
to inflammatory cell mediators.”"

- Age: it is hard to diagnose anaphylaxis in small
children given their inability to express themselves
properly. Teenagers are more likely to be exposed
to different triggers, whilst elderly often use several
medications. All these factors can enhance the risk
of anaphylaxis.*

- Occupation: workers that are exposed to certain
triggers can have a higher incidence of the disease,
such as health professionals in case of anaphylaxis
to latex.”’

Some clinical conditions also interfere in a higher
incidence and more severe forms of anaphylaxis, such
as psychiatric diseases, thyroid dysfunctions, alcohol
and drugs abuse, acute viruses, menses and emotional
stresses. Others can be chronic diseases, particularly
cardiovascularandrespiratory onesand theirtreatment
medication, such as beta-blockers and angiotensin
converting enzyme inhibitors.7274

It has been noticed that between 10 to 20% of
anaphylactic patients may have biphasic reactions,
characterized by a second manifestation generally 4
to 6 hours after the first one.”> However, this second
occurrence can happen as late as 78 hours after the
first manifestation.

One of the most intriguing questions refers to the
relevant and predictive factors which can be usedto foresee
an anaphylactic reaction, and to determine the chances
of a given patient to incur in a new episode.

Until nowadays, no testin vivo orin vitro was able to
determine whether a patient will suffer an anaphylactic
reaction. Neither the size of the papules in puncture
allergic tests, nor serum IgE level corresponds directly
to the severity or the prediction of an anaphylactic
reaction.’®

Even though some individuals might have a higher
likelihood to incur in an anaphylactic reaction (such as
in mastocytosis orin cross-sensitivity reactions like fruit-
latex syndrome) the safest and most efficient way to
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Table 2-  Causes of anaphylaxis

Foods

North America: cow's milk, egg, peanut, tree nuts and fish. Red meat (galactose alpha-1,3 galactose)
Europe: fruits

Middle East: sesame

Asia: wheat, chickpea, and rice

Insects

Stinging: Hymenoptera (Apidae and Vespidae) and Formicidae (ant)

Biting: kissing bugs, mosquitoes, and ticks

Medications

Antibiotics: penicillin, cephalosporins, and quinolones
Antiviral agents

Antifungal agents

NSAIDS*

Chemotherapeutics and biological agents
Oversulfated chondroitin sulfate in heparin

Vaccines (gelatin, egg)

Mast cell disorders
Mast cell activation syndrome
Mastocytosis

Others
Radiocontrast media and fluorescein dye

Perioperative agents: neuromuscular agents, antimicrobials, latex, opioids, colloid plasma expanders, protamine, chlorhexidine,

and blood transfusions

Allergen skin testing and allergen-specific immunotherapy
Natural rubber latex

Seminal fluid

Airborne allergens (rare)

Idiopathic anaphylaxis

Exercise-induced (likely associated with concomitant food intake)

* NSAIDs = Nonsteroidal Anti-Inflammatory Drugs.
Modified from Samant SA et al.68

identify people underriskis through awell-documented
history of a previous anaphylactic reaction. However,
many patients do not have such a previous episode.
Even atopy, which is a well-documented risk factor for
the disease, is not linearly correlated with anaphylaxis,
provided that there are much more atopic individuals
without anaphylaxis than the opposite.’6-77

In Brazil research on epidemiology of anaphylactic
reactions are still scarce. Apparently, the etiologic
agents do not differ much from those described in
international studies, with medication, food and insects
venom being the most common causes.40.78

Thereisa pressing need to further study thisissuein
our country, especially if one considers the restrictions
imposed on those who suffer from this disease by
not having access to carry self-injection epinephrine,
a medication that is not yet available here.

Studying the patterns of anaphylaxis in our
environment will certainly contribute to a better
understanding of this disease, as well as to a clearer
comprehension of regional differences in morbidity
and mortality factors. Such research will also
demonstrate theimportance of continuing education
tothe medical classandtheinclusion of this knowledge
in the curriculum of all medical schools.
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