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BACKGROUND

Anaphylaxis is an acute, potentially life-threatening systemic allergic reaction with an
increasing burden in the United States and abroad.! During the past decade there have

been significant advances in the understanding of the epidemiology, pathogenesis, acute
management, and long-term prevention of anaphylaxis among high-risk patients.2 These
advances have resulted in improved care for patients with and at risk of anaphylaxis;
however, pressing data gaps and research needs remain that should be addressed to optimize
patient care and clinical outcomes and to reduce the societal burden of this disease.2

To this end, a 25-member multidisciplinary panel of anaphylaxis experts was convened

in 2020 to systematically describe and appraise anaphylaxis knowledge gaps and research
priorities. This study group previously used Delphi methodology to develop consensus
anaphylaxis outcome definitions, including persistent, refractory, and biphasic anaphylaxis
(Box 1) as well as persistent and biphasic non-anaphylactic reactions (Box 2).3 The

panel used similar methodology to develop a consensus severity grading system for acute
allergic reactions to standardize their severity and harmonize language used in clinical
care and research (Fig. 1).% The severity grading system for acute allergic reactions
(SGS-AR) is novel in that it can be used to assess the severity of allergic reactions

on a continuum from mild local reactions to anaphylactic shock. It can also be used

to evaluate reaction severity of initial and biphasic reactions. These studies, including

the perspectives from the multidisciplinary panel, underscore that significant anaphylaxis
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research and knowledge gaps exist that may hinder clinical care and can result in suboptimal
patient outcomes. As such, these same experts sought to systematically outline and

appraise anaphylaxis knowledge gaps and research priorities by asking panelists to generate
knowledge gaps/research priority statements. Panelists were then asked to review and revise
all statements after which they rated the potential impact and feasibility of addressing
statements on a 0 to 100 scale. The panel generated 98 statements across 4 anaphylaxis
themes: Population Science, Basic and Translational Sciences, Emergency Department Care/
Acute Management, and Long-term Management Strategies and Prevention. This study
provides the framework for collaborative scientific pursuits to address these and other
anaphylaxis knowledge and research gaps to improve the care and outcomes of patients with
anaphylaxis.?

The objective of this review is to summarize anaphylaxis data gaps and research needs
consistent with the aforementioned study by Dribin and colleagues, given it is the most
comprehensive, systematic appraisal of anaphylaxis research and knowledge gaps to date.?
Addressing these gaps will result in improved care of patients with or at risk of anaphylaxis
with the ultimate goal of optimizing patient outcomes and lessening the burden of
anaphylaxis on patients, families, communities, and the health care system. Of note, some
anaphylaxis data gaps and research needs do not directly reference anaphylaxis but instead
conditions that predispose to anaphylaxis, such as food, venom, and medication allergy;
this is intentional, given that reducing the risk and burden of anaphylaxis is predicated on
preventing and treating allergic conditions.2:5:6

DISCUSSION

The aforementioned themes align with principal anaphylaxis research and clinical domains.
It will only be possible to address these gaps and improve patient care and clinical outcomes
through integrated research strategies that align expertise in basic science, translational,

and clinical research as well as epidemiology, public health, implementation science,’ drug
development, and bioengineering.

Population Science

Background—The incidence of anaphylaxis is increasing globally, although there does not
seem to be an increase in deaths. It is difficult to assess the true rate of anaphylaxis-induced
deaths for a variety of reasons, including difference in diagnostic codes globally.8 Increasing
cases of anaphylaxis are attributed to nonsteroidal antiinflammatory drugs, monoclonal
antibodies, and chemotherapeutic agents.>-11 Food-induced anaphylaxis has also increased,
particularly in children and adolescents. Between 1.6% and 5.1% of the US population

have had anaphylaxis, and 1% of hospitalizations and 0.1% of emergency department (ED)
encounters result in fatalities.12 ED visits for anaphylaxis doubled among all ages and
tripled in children during the past decade in the United States.13 There is need for an
accurate population database to support disease surveillance, to assess trends in anaphylaxis
across diverse, broad populations and geographies, and to develop targeted interventions to
mitigate disease burden and evaluate the effectiveness of these interventions longitudinally.
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Data gaps and research needs—A review of central data gaps and research needs

for Population Science is described in (Box 3). The 2006 National Institute of Allergy and
Infectious Disease and Food Allergy and Anaphylaxis Network (NIAID/FAAN) anaphylaxis
diagnostic criteria are widely used in clinical practice and research and are retrospectively
and prospectively validated. However, there is a lack of universal consensus whether

or not the NIAID/FAAN criteria should be modified based on new data and proposed
recommendations from the World Allergy Organization.214-19 This includes how to account
for isolated respiratory involvement after a known/suspected allergen exposure in sensitive
patients, mild symptoms (eg, “throat tightness and nausea”) reported in food allergic
patients, and how to define persistent gastrointestinal symptoms associated with the route of
exposure (eg, food ingestion). Refining and achieving an international consensus as to the
definition of anaphylaxis will promote improved disease surveillance globally.?

There also is a need to evaluate global anaphylactic practice variations, including Emergency
Medical Services protocols, access to and use of epinephrine auto-injectors (EAIs), and

EAI prescription patterns. There is a need to evaluate barriers to patient access to
allergy/immunology care, particularly in research-deficient settings/geographies, and the
long-term management of anaphylaxis and predisposing conditions such as that occurs with
food, medication, and venom allergy. Investigations pursuing this line of research should
account for differences in resource allocation/availability, particularly in resource-limited
communities and countries. This work should support novel, efficacious, cost-effective, and
sustainable community and public health interventions to mitigate the burden of anaphylaxis
by accounting for socioeconomic, infrastructure, and environmental differences.?

Basic and Translational Sciences

Background—There have been exciting advances in the understanding of anaphylaxis
and its pathogenesis during the past decade2%; however, these have not been translated

into reliable or improved bedside care of patients. Promising breakthroughs include
identifying the role of anaphylaxis effector cells (mast cells, basophils, neutrophils,
monocytes/macrophages) and their mediators (histamine, tryptase, platelet-activating factor,
prostaglandins, interleukins, complement) as well as immunoglobulin E (IgE) and non-

IgE pathways.21~24 |n addition, there is now an improved understanding of risk factors,
including hereditary alpha tryptasemia (the only presently known genetic risk factor) caused
by the duplication of alpha tryptase genes at the TPSAB1 gene locus on chromosome 16.
The prevalence in Western populations is believed to be between 4% and 6%.25:26 Mast

cell activation disorders, including mastocytosis, are associated with an increased frequency
of anaphylaxis. Anaphylaxis can be the presenting manifestation that leads to the diagnosis
of clonal and nonclonal mast cell activation disorders.2’-29 Research as to the role of

the intestinal microbiome in protecting infants from developing food allergies, the most
common cause of anaphylaxis in children, has also evolved during the past decade.30:31

Data gaps and research needs—A review of central data gaps and research needs
for Basic and Translational Sciences is described in Box 4.2 Despite the identification
of promising anaphylaxis biomarkers, there is a need to determine how biomarkers, for
example, histamine and tryptase, can be incorporated into routine clinical care and to
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identify novel biomarkers to improve the diagnosis and treatment of anaphylaxis. Although
anaphylaxis is a clinical diagnosis, identifying accurate, easy to obtain biomarkers would
improve and help standardize care, particularly when there is diagnostic uncertainty, for
example, “Is this allergen induced asthma or anaphylaxis?” Biomarkers would also help to
standardize observation periods to monitor for persistent and biphasic reactions by allowing
clinicians to trend biomarker levels and optimize treatment strategies as to if and when
persistent and biphasic symptoms warrant additional treatment with epinephrine. Developing
and translating the use of biomarkers into routine care would be the first step in transitioning
the current model of care to a precision medicine care model that also incorporates host
characteristics, for example, phenotypes, comorbidities, causative agents, and endotypes to
predict and prognosticate management strategies both for short- and long-term care.32 In
addition, identifying novel biological markers/mediators is an important first step to develop
targeted, mechanistic-based therapies to treat refractory anaphylaxis, prevent anaphylaxis
among high-risk individuals, and possibly cure common predisposing allergic conditions
such as food, medication, and venom allergy.2

However, conducting basic and clinical research during human anaphylaxis is difficult
because of the challenge of timely enrolling patients in EDs, collecting serial biospecimens,
and the need to simultaneously collect short- and long-term phenotypic and outcome data.?
An additional challenge is that mature mast cells, the key effector cells of anaphylaxis, are
tissue based and not in the circulation and therefore difficult to obtain during reactions.
Therefore, it is important that scientists with expertise in animal-based research collaborate
with clinical/translational researchers to study human anaphylaxis. Likewise, there is a need
for large prospective studies to facilitate the collection and banking of clinical and biological
data to accelerate scientific discoveries and support grant applications.?

Acute Management

Background—Anaphylaxis continues to be underrecognized, misdiagnosed, and
mismanaged,® and this includes the underuse of epinephrine, the first line of therapy to treat
primary and biphasic reactions, and the overuse of “second-line therapies” (antihistamines
and glucocorticosteroids) for which there are insufficient data to support their use.6:33
Likewise, there are no validated data for the use of epinephrine, specifically for persistent
and biphasic reactions. In addition, practice variations exist regarding the lengths of
observation following initial reaction onset and/or treatment with epinephrine to monitor
for a biphasic reaction, nor are there validated clinical criteria to standardize hospitalization
criteria and care. These gaps may contribute to unnecessary hospitalizations, increasing
health care costs, and undo personal and financial strain on patients and families.2-13:34.35

A limitation of conducting rigorous research specific to acute anaphylaxis management,
including the prevalence of and risk factors for biphasic reactions, is the lack of consensus
definitions for adverse anaphylaxis outcomes. To address this gap, a 19-member panel
developed consensus definitions of persistent, refractory, and biphasic anaphylaxis (see
Box 1) as well as persistent and biphasic nonanaphylactic reactions (see Box 2).3
Dissemination and application of these definitions in research and clinical care will serve
as a foundation to optimize and standardize clinical management and patient outcomes for

Immunol Allergy Clin North Am. Author manuscript; available in PMC 2022 June 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dribin and Castells Page 5

future investigations. This project also highlighted the need to develop a consensus severity
grading system for acute allergic reactions, including anaphylaxis and nonanaphylactic
reactions. The same researchers, using Delphi methodology, developed the SGS-AR (see
Fig. 1).4 Validation, dissemination, and application of the grading system will help
standardize the language and outcomes used in clinical care and research and will serve

as a tool to standardize adverse reaction reporting for clinical trials.24

Data gaps and research needs—A review of central data gaps and research needs
for Acute Management are described in Box 5.2 An important first step is to validate the
SGS-AR in different clinical settings, for example, EDs and allergy/immunology centers,
to ensure it can be used universally and is reliable. Successful validation of the SGS-AR
will help harmonize clinical care language and standardize outcomes in observational and
interventional trials. It may also lead to the development of SGS-AR-embedded patient
technologies and result in standardized reporting of acute allergic reactions in non—health
care settings. Validation of the SGS-AR may also have the positive impact of improving
real-time management decisions in non—health care settings for patients and their families,
including when to administer epinephrine or seek emergent medical care.*

There is also a need to improve anaphylaxis diagnostic criteria as discussed in the
Population Science section of this review, which includes modifying diagnostic criteria

to account for signs/symptoms of infant anaphylaxis, which may overlap with normal
infant behavior, for example, crying, irritability, spitting up, and back arching.36 Likewise,
cardiovascular or neurologic signs/symptoms in infants and young children may represent a
more severe/advanced disease state than in adults.#36:37

There is also a need to derive and validate clinical prediction models to standardize ED
observation periods and hospitalization criteria.2 Such models would positively affect the
length of observation periods and potentially prevent unnecessary, costly hospitalizations.
Furthermore, given the importance of timely epinephrine administration, there is a need

to better understand the pharmacodynamics, pharmacokinetics, and the clinical outcomes
of epinephrine administered by different devices and routes. This includes evaluating the
efficacy of noninjectable epinephrine delivery systems, which would may preferable to
patients and families compared with EAls. Furthermore, although delayed epinephrine use is
a potential risk factor for biphasic anaphylaxis, there is a need to determine what constitutes
“delay” and the degree to which it increases the risk of adverse anaphylaxis outcomes,
including fatal, refractory, persistent, and biphasic reactions.2-38:39

Although epinephrine is the first-line anaphylaxis therapy it is often underused and replaced
by second-line therapies, such as H; and Hy antagonists and systemic glucocorticosteroids,
for which there are insufficient data to support their use.8 Therefore, there is a need for
randomized controlled trials to evaluate the efficacy of these therapies at reducing reaction
severity and preventing biphasic reactions. Such a line of investigation is difficult to conduct,
given the obstacles associated with ED enrollment, randomization, and because of the
perceived lack of equipoise, given the routine use of these medications in clinical care.2-33
There is also a need to evaluate how to best standardize and implement anaphylaxis action
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plans for patients and families and to identify best practices for EAI prescription programs
to ensure access to EAIs.2

In summary, there is a need for large, prospective observational and interventional trials to
address research gaps specific for the management of acute anaphylaxis. Such research will
allow investigators to collect accurate longitudinal data using novel techniques and patient-
friendly technologies. In addition, it would be ideal to consent patients to biobank specimens
at the time of study enrollment to accelerate basic and translational research discoveries.
Finally, it is essential to incorporate the perspectives of patients and families when designing
prospective ED-based research to ensure study findings translate into equitable and patient-
centric outcomes.2

Long-Term Management

Background—The long-term management and prevention of anaphylaxis is contingent
on allergen avoidance, drug desensitization, allergen immunotherapy, and appropriate
observation periods for patients at high risk of acute allergic reactions or anaphylaxis.56
Providing a diagnosis of mast cell activation disorders is critical. Despite the benefit of
allergen immunotherapy in mitigating the risk of anaphylaxis, particularly for food allergy,
patients are at risk of immunotherapy-induced anaphylaxis. A central tenet of the long-term
management and prevention is the need for clinicians to appropriately discuss the potential
benefits and risks of different therapies and treatment strategies with patients and families.2

Data gaps and research needs—A review of central data gaps and research

needs for Long-Term Managementis described in Box 6.2 There is a need to

determine immunotherapy best practices, including oral immunotherapy for food allergies.
Immunotherapy protocols must be patient-centered and modified to meet the needs of
patients and families from diverse communities and backgrounds. For example, there is a
potential for maintenance immunotherapy to be available in nonmedical facilities. There
is also a need to evaluate practice differences that contribute to patients being labeled or
delabeled with drug allergy and the underutilization of drug desensitization protocols.?

Identifying and addressing barriers to early allergen introduction to prevent food allergies,
the most common cause of anaphylaxis in children, is also necessary.? There are practice
guideline variations for such recommendations, which are confusing to families and
clinicians and lead to suboptimal care and patient outcomes. When designing investigations
specific to the long-term management of patients at risk for anaphylaxis, it is imperative

to include patients and families from diverse backgrounds to ensure that study procedures,
outcomes, and interventions result in optimal health outcomes.2

SUMMARY

This article outlines central anaphylaxis data gaps and research needs related to the
following anaphylaxis themes: Population Science, Basic and Translational Sciences,
Acute Management, and Long-Term Management. There is need for multidisciplinary
collaboration among basic, translational, clinical, and population scientists with input from
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patients/families, policymakers, and other stakeholders to address these gaps with the
ultimate goal of reducing the societal burden of anaphylaxis.2
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KEY POINTS

. There are significant anaphylaxis data and knowledge gaps across key clinical
care and research domains—Population Science, Basic and Translational
Sciences, Acute Management, and Long-Term Management—that contribute
to suboptimal patient outcomes.

. Population science: refine anaphylaxis diagnostic criteria and develop reliable
ways to record and measure it using multinational datasets.

. Basic and translational sciences: identify reliable diagnostic, predictive, and
prognostic anaphylaxis biomarkers to standardize and optimize short and
long-term management strategies.

. Acute management: develop clinical prediction models to standardize post-
anaphylaxis observation periods and hospitalization criteria.

. Long-term management: determine immunotherapy best practices including
oral immunotherapy for patients with food allergy.
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Box 1

Clinical criteria for diagnosing persistent, refractory, and biphasic
anaphylaxis

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

Presence of symptoms/examination findings that fulfill the 2006 NIAID/FAAN
anaphylaxis criteria that persist for at least 4 hours.

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

1. Presence of anaphylaxis following appropriate epinephrine dosing and
symptom-directed medical management (eg, intravenous [I1\V] fluid bolus for
hypotension).

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

Biphasic anaphylaxis is highly likely when all of the following 4 criteria are fulfilled: 9

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

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

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

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

aThe diagnosis of persistent anaphylaxis is independent of the management of the initial
reaction. For reactions that do not fulfill persistent anaphylaxis criteria, please refer to
Box 2 (clinical criteria for diagnosing persistent nonanaphylactic reactions).

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

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

dThe diagnosis of biphasic anaphylaxis is independent of the management of the initial
reaction. For reactions that do not fulfill biphasic anaphylaxis criteria, please refer to Box
2 (clinical criteria for diagnosing biphasic nonanaphylactic reactions).

From Dribin TE, Sampson HA, fCamargo CA Jr, Brousseau DC, Spergel JM, Neuman
MlI, Shaker M, Campbell RL, Michelson KA, Rudders SA, Assa’ad AH, Risma KA,
Castells M, Schneider LC, Wang J, Lee J, Mistry RD, Vyles D, Vaughn LM, Schumacher
DJ, Witry JK, Viswanathan S, Page EM, Schnadower D. Persistent, refractory, and

Immunol Allergy Clin North Am. Author manuscript; available in PMC 2022 June 21.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Dribin and Castells

biphasic anaphylaxis: A multidisciplinary Delphi study. J Allergy Clin Immunol. 2020
Nov;146(5):1089-1096; with permission.
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Box 2

Clinical criteria for diagnosing persistent and biphasic honanaphylactic
reactions

Persistent allergic reactions are highly likely when the following criterion is fulfilled.: 2

Presence of symptoms/examination findings that do not fulfill the 2006 NIAID/FAAN
anaphylaxis criteria that persist for at least 4 hours.

Biphasic allergic reactions are highly likely when all of the following 4 criteria are
fulfilled:®

1. New/recurrent symptoms/examination findings do not fulfill the 2006 NIAID/
FAAN anaphylaxis criteria.

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

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

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

aThe diagnosis of persistent allergic reaction is independent of the management of the
initial reaction.

bThe diagnosis of biphasic allergic reaction is independent of the management of the
initial reaction.

From Dribin TE, Sampson HA, Camargo CA Jr, Brousseau DC, Spergel JM, Neuman
MlI, Shaker M, Campbell RL, Michelson KA, Rudders SA, Assa’ad AH, Risma KA,
Castells M, Schneider LC, Wang J, Lee J, Mistry RD, Vyles D, Vaughn LM, Schumacher
DJ, Witry JK, Viswanathan S, Page EM, Schnadower D. Persistent, refractory, and
biphasic anaphylaxis: A multidisciplinary Delphi study. J Allergy Clin Immunol. 2020
Nov;146(5):1089-1096; with permission.
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Box 3

Population Science data gaps and research needs

Population Science

There is a need to

1.

10.

Establish international consensus about what constitutes anaphylaxis to
support population research, including disease surveillance.

Evaluate the barriers (eg, geographic, socioeconomic) of patient access

to allergists/immunologists for the long-term management (eg, venom
immunotherapy, oral immunotherapy) of anaphylaxis and related conditions
(eg, food, medication, venom allergies).

Better evaluate for socioeconomic disparities in the risk of, care, and
outcomes of patients with anaphylaxis. There is a need to develop novel
personal and community interventions to target these sectors of the population
and to address these disparities to improve health outcomes for all patients
with anaphylaxis.

Clarify geographic practice variation in anaphylaxis management (eg,
emergency medical service, protocols, access to epinephrine auto-injectors,
prescription patterns for epinephrine auto-injectors).

Evaluate the epidemiology of anaphylaxis severity, fatal anaphylaxis, as well
as persistent, refractory, and biphasic anaphylaxis; this includes evaluating
the association between specific allergens and these outcomes, as well as
individual patient characteristics.

Understand the influence of prior anaphylaxis on quality of life and allergen
avoidance behavior.

Better understand primary care physician’s understanding of anaphylaxis and
specific allergy management.

Identify risk factors for future anaphylaxis severity, including tools that can
identify patients/individuals who are at low risk of future anaphylaxis.

Evaluate the role of epinephrine auto-injectors in public spaces. Assuming
there is a role for epinephrine auto-injectors in public spaces, what is the
best way to implement such programs accounting for location (restaurants,
schools, planes, stadiums) and specific costs (eg, pricing models, cost-
effectiveness)?

Evaluate the long-term follow-up care of patients with anaphylaxis (eg,
proportion of patients who follow-up with allergists/immunologists, have up-
to-date epinephrine auto-injectors, and undergo testing to identify eliciting
allergens), including barriers, facilitators, and strategies for improvement.
Such evaluation would need to be sensitive to the differing resources available

Immunol Allergy Clin North Am. Author manuscript; available in PMC 2022 June 21.
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in different contexts (eg, developed vs developing countries, urban vs rural
areas)

Modlified from Dribin TE, Schnadower D, Wang J, Camargo CA Jr, Michelson KA,
Shaker M, Rudders SA, Vyles D, Golden DBK, Spergel JM, Campbell RL, Neuman

MlI, Capucilli PS, Pistiner M, Castells M, Lee J, Brousseau DC, Schneider LC, Assa’ad
AH, Risma KA, Mistry RD, Campbell DE, Worm M, Turner PJ, Witry JK, Zhang Y,
Sobolewski B, Sampson HA. Anaphylaxis knowledge gaps and future research priorities:
A consensus report. J Allergy Clin Immunol. 2021 Aug 12:S0091-6749(21)01209-4; with
permission.
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Box 4

Basic and Translational Sciences data gaps and research needs

Basic and Translational Sciences

There is a need to

1.

10.

Develop strategies (eg, therapies, early food exposures) to prevent the
development of food allergies in infancy.

Determine whether the basophil activation test can be configured (with
standardized technique, reporting of results, and clinical threshold) to predict
risk for anaphylaxis occurrence, severity, and course.

Evaluate the clinical usefulness of current biomarkers (tryptase, basophil
activation test, urinary histamine, or leukotrienes) in confirming the diagnosis
of anaphylaxis and in predicting future reaction severity, clinical courses,

and informing optimal management strategies (eg, when to administer
epinephrine, observation periods).

Clarify the compensatory mechanisms responsible for anaphylaxis recovery,
the impact of anaphylaxis risk factors and triggers on these mechanisms,

and how timing of epinephrine administration, intravenous fluid, and oxygen
affect these mechanisms before and after the onset of multiorgan involvement.

Determine what other mediators are important in anaphylaxis that may serve
as more reliable biomarkers for identification of anaphylaxis (during the
episode) and risk of anaphylaxis (before the episode).

Develop biomarkers to indicate who is at risk for severe anaphylactic
reactions.

There is a need to explore the role of cytokines, histamine, leukotrienes,
metabolomics, and other factors in the severity and response to allergic
triggers and therapies used to treat allergic reactions.

Determine why some foods are more likely to induce severe/fatal anaphylaxis
(eg, peanut, cashew, seafood) than others (eg, egg, soybean).

Define clinically meaningful and reliable thresholds to screen/detect specific
allergens in food for patients with life-threatening allergies.

Evaluate how the use of tryptase as a biomarker can be improved (eg, optimal
timing).

Modlified from Dribin TE, Schnadower D, Wang J, Camargo CA Jr, Michelson KA,
Shaker M, Rudders SA, Vyles D, Golden DBK, Spergel JM, Campbell RL, Neuman

MI, Capucilli PS, Pistiner M, Castells M, Lee J, Brousseau DC, Schneider LC, Assa’ad
AH, Risma KA, Mistry RD, Campbell DE, Worm M, Turner PJ, Witry JK, Zhang Y,
Sobolewski B, Sampson HA. Anaphylaxis knowledge gaps and future research priorities:

Immunol Allergy Clin North Am. Author manuscript; available in PMC 2022 June 21.
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A consensus report. J Allergy Clin Immunol. 2021 Aug 12:S0091-6749(21)01209-4; with
permission.

Immunol Allergy Clin North Am. Author manuscript; available in PMC 2022 June 21.
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Box 5
Acute Management data gaps and research needs
Acute Management

There is a need to

1. Validate the severity grading system for acute allergic reactions.

2. Improve the evidence-based practice of the emergency treatment of
anaphylaxis.

3. Conduct a randomized controlled trial to evaluate the efficacy of adjunctive

systemic glucocorticoids in treating anaphylaxis, including reducing initial
reaction severity, and preventing biphasic reactions.

4. Develop tools and strategies to improve anaphylaxis recognition by caregivers
and health care professionals.

5. Develop clinical prediction models to determine if hospitalization is indicated
after initial reaction management and to inform patient-centric periods of
observation.

6. Identify shortcomings of current anaphylaxis action plans used in the
ED, inpatient and outpatient settings, and develop optimal, patient-centered
anaphylaxis action plans for these settings; this includes determining the
minimum number of elements to be included in the action plan to achieve
efficacy.

7. Identify signs and symptoms of anaphylaxis in infants/young children
accounting for:

a. The challenge of recognizing signs and symptoms of anaphylaxis
in nonverbal children (challenges: lack of subjective symptoms;
assessing mental status, eg, inconsolability, lethargy).

b. Differences in cardiovascular involvement in infants/young children
compared with adults (eg, hypotension in children is a late finding
of decompensated shock, and tachycardia may be the only sign of
compensated shock in children).

c. Signs and symptoms of anaphylaxis in infants/young children can
overlap with normal behavior.

8. Develop an anaphylaxis management guideline specific to treatment with
epinephrine that takes into account all patient ages and care settings to
address the following questions:

a. After treatment of anaphylaxis with epinephrine, which
recurrent/new signs and/or symptoms should be treated with
epinephrine versus those that can be monitored without treatment
with epinephrine?

Immunol Allergy Clin North Am. Author manuscript; available in PMC 2022 June 21.
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b. Can mild anaphylactic reactions be safely managed without
epinephrine?

% What constitutes delayed epinephrine administration and the degree
to which this increases the risk for adverse outcomes including
refractory and/or biphasic reactions?

d. What is the optimal timing for repeat epinephrine administration?

9. Develop a model (including information such as past medical history, reaction
severity, response to treatment with epinephrine) to identify patients with
anaphylaxis who can be safely managed at home instead necessitating
emergency care evaluation.

10.  Evaluate the role of alternative epinephrine delivery mechanisms (beyond
currently available epinephrine auto-injectors) to treat anaphylaxis.

Modlified from Dribin TE, Schnadower D, Wang J, Camargo CA Jr, Michelson KA,
Shaker M, Rudders SA, Vyles D, Golden DBK, Spergel JM, Campbell RL, Neuman

MlI, Capucilli PS, Pistiner M, Castells M, Lee J, Brousseau DC, Schneider LC, Assa’ad
AH, Risma KA, Mistry RD, Campbell DE, Worm M, Turner PJ, Witry JK, Zhang Y,
Sobolewski B, Sampson HA. Anaphylaxis knowledge gaps and future research priorities:
A consensus report. J Allergy Clin Immunol. 2021 Aug 12:S0091-6749(21)01209-4; with
permission.
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Box 6

Long-Term Management data gaps and research needs

Long-Term Management

There is a need to

1.

10.

Delabel individuals who are unnecessarily labeled as medication allergic/at
risk of anaphylaxis, particularly to antibiotics, due to vague reactions or
reactions that occurred a long time ago. Use of expensive, broader spectrum
antibiotics, due to incorrect or outdated diagnasis, is very costly and may
promote more antimicrobial resistance.

Determine how risk perceptions influence quality of life for patients at

risk for anaphylaxis and determine what anaphylaxis outcomes matter most
to patients. These patient-oriented outcomes are key to evaluating the
effectiveness of current and novel anaphylaxis therapies and management
strategies.

Evaluate the impact of device cost and pragmatic device limitations as a
barrier to effective anaphylaxis treatment in the community.

There is a need to understand barriers to self-injectable epinephrine carriage
and use and how these barriers can be addressed.

Determine best practices for oral immunotherapy in patients with food
allergy.

Understand how the health literacy of patients from diverse racial,

cultural, and socioeconomic backgrounds affects their understanding of and
application of written anaphylaxis action plans to provide anaphylaxis self-
management.

Develop validated decision aids (eg, use of therapies/strategies to prevent
anaphylaxis) to address the needs of patients/families from diverse racial,
cultural, and socioeconomic backgrounds.

Identify and address barriers to early allergen introduction to prevent food
allergies that lead to risk of recurrent anaphylaxis.

Understand the psychological impact of anaphylaxis and anaphylaxis
therapies on patients and caregivers and develop novel interventions and/or
strategies to address them.

Understand the unwarranted geographic practice variation in the
underutilization of drug desensitization, particularly in high-risk populations
(eg, patients with cystic fibrosis treated with B-lactam antibiotics, patients
treated with carboplatin).

Modlified from Dribin TE, Schnadower D, Wang J, Camargo CA Jr, Michelson KA,
Shaker M, Rudders SA, Vyles D, Golden DBK, Spergel JM, Campbell RL, Neuman
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MI, Capucilli PS, Pistiner M, Castells M, Lee J, Brousseau DC, Schneider LC, Assa’ad
AH, Risma KA, Mistry RD, Campbell DE, Worm M, Turner PJ, Witry JK, Zhang Y,
Sobolewski B, Sampson HA. Anaphylaxis knowledge gaps and future research priorities:
A consensus report. J Allergy Clin Immunol. 2021 Aug 12:S0091-6749(21)01209-4; with
permission.
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CLINICS CARE POINTS

There have been promising advances in the care of patients with or at risk of anaphylaxis,
including the long-term management and prevention of common predisposing allergic
conditions. Despite these advances, significant data gaps and research needs remain.
These needs include the need to refine anaphylaxis diagnostic criteria; identify

accurate and reliable diagnostic, predictive, and prognostic biomarkers; standardize
postanaphylaxis care, for example, observation periods, hospitalization criteria; and
determine allergen/immunotherapy best practices. Addressing these and other gaps
through multidisciplinary research collaborations will result in improved clinical care
and optimal outcomes for patients with or at risk of anaphylaxis.

Immunol Allergy Clin North Am. Author manuscript; available in PMC 2022 June 21.
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Severity grading system for acute allergic reactions

Grading system application is INDEPENDENT of whether reactions fulfill NIAID/FAAN anaphylaxis diagnostic criteria”

(e.g. a reaction can be either Grade 5 anaphylaxis or a Grade § non-anaphylactic reaction)

Severity grades™ Clinical criteria (sub-grading system)
Life Cardiovascular’
AN € . MILD: Symproms - weak, dizzy, pre-syncope, palpitations, bhurred vision; fnfants - tachycardia not related to other causes
threatening 5 ANY__SWW; : B e such as crying, discomfort, or medications
ailergic Cardio , Neurologic, Resp v MODERATE: hypotension, syncope (collapse); Jnfants - mottling, cyanosis
reactions SEVERE: anaphylactic shock, candiac arrest; Inflnis - hypotension
5 Neurologic'
mi,Modemle' . . MILD: Symproms - confusion, drowsy, sense of impending doom; fnfants - persi and planed irmitabily
4 Cardiovascular, Neurologic, Respiratory inconsolability, crying, or decreased activity
OR MODERATE: GCS (Glasgow Comma Scale; hitps://swww mdeale com/gla I <) 13-14; Inflants -
Severe: Mucosal/angioedema lethargic )
SEVERE: GCS <13, seizure; Infants - new onset hypotonia
5| ANYMild: Resptratury
Cardiovascular, Neurologic, Respiratory % Symptoms - chest tightness, dyspnea; Signs - new onset cough
7 Mild te: MODERATE: new onset p cough, i d WOB, h
2 Ski E AT e, SEVERE: respiratory failure
n, Gasti 2 Larwgsal
Mild 3 MILD: Symy - throat tigh or di Signs - voice change; fnfants - barky or croup like cough, hoarse cry
lieroi 1 Mild: MODERATE: stndor w/o increased WOB
faren Skin, Gi i inal, Mucosal/angioed SEVERE: stridor with increased WOB (partial or upper airway ot ion)
reactions = Lo ey

Terms: Symproms: patient and'or faunl) reported symptoms, not observed by clinicians; Sigas: clinical
andfor examination findings; Infants: signs and symptoms of allergic rescnr.ms in nfants and young

children may overlap with normal behavior. & 3 gic or CV symp may
represent increased reaction severity in infants and young children

Definitions
Hypotension:
Pediatric: systolic BP < 5th percentile for age or < 2 standard deviations below normal for age or
systolic BP < 70 mm Hg from 1 month to 1 year, < (70 mm Hg + [2 X age]) from 1 to 10 years, and <
90 mm Hg from 11 to 17 years. Hypo(ensmn 15 a late phase sagn in young clhuldren; consider use of HR
and other CV symptoms in infants, Do not delay for of BP.
Adult: estimated or caleulated mean arterial pressure (MA.P—I 3[syslohc BP]+2J3[d|aslohc BP]) < 65;
or systolic BP < 90 mm Hg or > 30% decrease from baseline
1P shock: anaphylaxis with an IV P mfusion to maintain a MAP > 65
mmHg or systolic BF > 90 mm Hg among adults, and age appropriate BPs among children (see pediatne
definitions of hypotension above)
work of ing (WOB): use of accessory muscles, nasal flanng or grunting
(infants), age defined tachypnea that is not brief or self-resolved
Hypoxemia: Sp02 < 92%«1 TOOm a:r

iy Y failure: imp ining use of non-invasive and/or nvasive
ventilatory support (bag mask ventilation, h13h flow nasal canuu.la :cnnm:ms positive airway pressure,
bi-level positive airway pressure, mechanical ventil P B

MILD: wheezing wio mcreased WOB
MODERATE: wheezing with increased WOB
SEVERE: bronchospasm with mimmal or no air on I AND 1 1 WOB
Mucosal/angioedema (see Figure E1in the online repository for example images of mucosal/angioedema sevenity)
MILD: Symproms - mouth tingling, itchy mouth or throat, metallic taste; Signs - facial swelling, conjunctival mjection,
chemosis, nasal congestion, rhinorrhea, throat clearing, lip swelling, mild tongue, soft palate, and/or wvula swelling
(anatomical landmarks preserved); lrg,ﬁmxs - tongue thrusting or pulling, repetitive lip, ear or eye rubbing
MODERATE: drooling, moderate tongue, soft palate, and/or uvula swelling (anatomical landmarks obscured); Jnfemts -
marked mcrease i drooling
SEVERE: severe tongue, soft palate, and/or uvula swelling plete loss of ical landmarks)
Skin
Pruntus
MILD: Symptams - pruritus, skin discomfort; Signs - I scratching, localized scratching or ions (< 50%
body surface area [BSA])
MODERATE: i scratching,
Urticaria, rash
MILD: localized urticana (< 50% BSA), localized erythema (< 50% BSA)
MODERATE: generalized urticania (> 50% BSA), flushing, generalized erythema (> 50% BSA)
Gastrointestinal
MILD: Symptams - nausea, abdominal pain'", Signs - 1-2 episodes of emesis or diarrhea; Jnfants - new onset spitting up,

d scratching or excoriations (> 50% BSA)

MODERATE: - frequent or conti nausea or abdonunal pain, di d due to GI symp Signs - 23
episodes of emesis or diarrhea or 2 of each

Fig. 1.

Severity grading system for acute allergic reactions. @ The severity grading system is
designed for use across the spectrum of acute allergic reactions as depicted by the

vertical arrow (mild to life-threatening reactions), whether they fulfill NIAID/FAAN
criteria for anaphylaxis or not. P For patients with multiple symptoms, reaction severity

is based on the most severe symptom; symptoms that constitute more severe grades

always supersede symptoms from less severe grades. The grading system can be used to
assign reaction severity at any time during the course of reactions; reactions may progress
rapidly (within minutes) from one severity grade to another. The grading system does not
dictate management decisions; reactions of any severity grade may require treatment with
epinephrine. ¢ Patients with severe cardiovascular and/or neurologic involvement may have
urinary or stool incontinence. However, the significance of incontinence as an isolated
symptom is unclear, and it is therefore not included as a symptom in the subgrading system.
d Abdominal pain may also result from uterine cramping. (£rom Dribin TE, Schnadower D,
Spergel JM, Campbell RL, Shaker M, Neuman MI, Michelson KA, Capucilli PS, Camargo
CA Jr, Brousseau DC, Rudders SA, Assa’ad AH, Risma KA, Castells M, Schneider LC,
Wang J, Lee J, Mistry RD, Vyles D, Pistiner M, Witry JK, Zhang Y, Sampson HA. Severity
grading system for acute allergic reactions: A multidisciplinary Delphi study. J Allergy Clin
Immunol. 2021 Jul;148(1):173-181; with permission.)
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