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Abstract

Context: Food-induced anaphylaxis is potentially fatal but preventable by allergen avoidance and
manageable through immediate treatment. Considerable effort has been invested in preventing
fatalities from nut exposure among school-aged children, but few population-based studies exist to
guide additional prevention efforts.

Objectives: To describe the epidemiology and trends of food-related anaphylaxis requiring
emergency treatment during a 15-year span in New York City when public health initiatives to
prevent deaths were implemented and to understand the situational circumstances of food-related
deaths.

Design/Setting/Participants: Retrospective death record review and analysis of inpatient
hospital discharges and emergency department (ED) visits in New York City residents, 2000—
2014.

Main Outcome: Vital statistics data, medical examiner reports, ED, and hospital discharge data
were used to examine risk for death and incidence trends in medically attended food-related
anaphylaxis. Potentially preventable deaths were those among persons with a known allergy to the
implicated food or occurring in public settings.
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Results: There were 24 deaths, (1.6 deaths/year; range: 0-5), 3049 hospitalizations, and 4014
ED visits, including 7 deaths from crustacean, 4 from peanut, and 2 each from tree nut or seeds
and fish exposures. Risk for death among those hospitalized or treated in the ED was highest for
persons older than 65 years and for those treated for crustacean reactions (relative risk 6.5
compared with those treated for peanuts, 95% confidence interval = 1.9-22.1). Eleven of 16 deaths
with medical examiner data were potentially preventable. Hospitalizations (2000-2014) and ED
visit rates (2005-2014) were highest for children and those with peanut exposure and increased
across periods.

Conclusions: Deaths from food-related anaphylaxis were rare; however, rates of hospitalization
and ED visits increased. Prevention efforts related to peanut allergies among children should
continue, and additional attention is needed to prevent and treat anaphylaxis among adults,
particularly those with known crustacean allergies where case fatality is highest.
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Food allergies are the most common cause of anaphylaxis outside the hospital setting,12
affecting approximately 9% of the US population.3 Treatment of suspected anaphylactic
reactions with epinephrine immediately upon their onset is crucial to prevent deaths from
food allergies. Carrying a prescribed epinephrine autoinjector has long been recommended
for persons with potentially life-threatening food allergies, in addition to strict avoidance of
foods to which they are allergic.*®

During the past 2 decades, the incidence of food allergies has increased in the United States,
raising public concern.1:26 Life-threatening food allergies among children in schools and
day care settings have been a focus of that concern. This has led to national school-centered
recommendations to reduce exposure to common allergens, especially nuts, and design of
emergency plans that ensure availability and proper use of epinephrine autoinjectors.*” An
additional public health prevention focus has been on helping those of any age with food
allergies avoid inadvertent exposure, including requiring regulated food service
establishments (eg, restaurants) to clearly label foods that contain common allergens and
provide awareness training to food services managers and staff.8 In New York City (NYC),
the Department of Health and Mental Hygiene has supplied epinephrine autoinjectors to
schools since 2004 and required posting of food allergy posters in restaurant kitchens since
2009.9

Given the unpredictability of who may have a life-threatening food-related anaphylactic
reaction and whether they will have immediate access to an epinephrine autoinjector, the
National Academy of Sciences has recommended additional research to “define best
practices regarding food allergy management (e.g., epinephrine storage) at settings where
food is served, ... including restaurants, cafeterias, grocery stores, and commercial
airliners.”8 This is conceptually similar to the strategic placement of external defibrillators,
enabling prompt treatment wherever cardiac arrest may occur. Although at least 1 state has
passed legislation permitting restaurants to stock and administer epinephrine autoinjectors,10
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efforts to mandate that restaurants stock epinephrine autoinjectors have failed in other states.
11,12

During analyses conducted in 2017 and 2018, we examined the epidemiology of severe
food-related anaphylaxis requiring emergency treatment during a 15-year span in NYC
when public health initiatives to prevent deaths were implemented. Specifically, we
described trends in the incidence of food-related emergency department (ED) visits,
hospitalizations, and deaths among NYC residents during 2000-2014. A further objective
was to understand the circumstances of these food-related anaphylactic deaths to guide
prevention efforts.

Methods

Data

Data concerning deaths were obtained from Department of Health and Mental Hygiene’s
Office of Vital Statistics. We requested a list of deaths with any cause or contributing cause
using the /nternational Classification of Diseases, Ninth Revision (/CD-9) code of 995.0
(anaphylactic shock) or 999.4 (anaphylactic shock because of serum) or /nternational
Classification of Diseases, Tenth Revision (ICD-10) codes of T50.9, T63.2, T63.4, T63.6,
T63.9 (T63.x referring to animal or insect stings), T78.0 (food), T78.2 (anaphylactic shock),
T80.5 (serum), and T88.6 (correct substance properly administered), consistent with
previous studies of deaths.13-15 All death certificates that listed anaphylaxis were reviewed
for possible food exposure. A case of fatal food-related anaphylaxis was defined as a death
in an NYC resident during 2000 to 2014, with a death certificate that used /CD-9or ICD-10
codes listed previously and was consistent with food-related anaphylaxis based on literal text
data from death certificate cause of death fields. To obtain details about circumstances
related to these deaths, we linked death certificates to investigative reports from the NYC
Office of the Chief Medical Examiner. Reports were reviewed for additional details,
including known allergy to the suspect food, location food was consumed, acute symptoms,
medications given before ambulance arrival, and medical status at ambulance and ED arrival.

We obtained inpatient hospital discharges during 2000 to 2014 and ED visit data not
resulting in hospitalization during 2005 to 2014 (no ED data were available before 2005)
from the New York State Statewide Planning and Research Cooperative System database.16
A medically attended case of food-related anaphylaxis was defined as an inpatient
hospitalization or an ED visit among NYC residents treated in an NYC hospital with a
primary /CD-9, Clinical Modification(/CD-9-CM) diagnosis coded 995.60-995.69. These
1CD-9-CM codes are consistent with those used in other published studies of food-related
anaphylaxis hospitalizations!®17:18 and include anaphylactic shock attributable to
unspecified food (995.60) and 9 broad categories of specific foods, including 995.61
(peanuts), 995.62 (crustaceans), 995.63 (fruits and vegetables), 995.64 (tree nuts and seeds),
995.65 (fish), 995.66 (food additives), 995.67 (milk products), 995.68 (eggs), and 995.69
(other specific food). Patients admitted to the same hospital after ED discharge and patients
admitted to a different hospital after ED discharge on the same day were de-duplicated.

J Public Health Manag Pract. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Poirot et al.

Page 4

Statistical analysis

Results

Deaths were examined by demographic features, implicated food item, and other exposure
categories. We defined 2 categories of potentially preventable deaths. These included public
health preventable, defined as deaths that occurred from exposure in a restaurant or other
public setting where an available epinephrine autoinjector might have been lifesaving. The
second category was medically preventable, defined as deaths among persons who had a
previously known allergy to the food leading to fatal anaphylaxis for whom a prescription of
an autoinjector might have been life-saving. As a surrogate for the risk of death among
persons with anaphylaxis who required emergency medical attention, we calculated the ratio
of deaths to the total number of hospitalizations plus ED visits.

Hospitalization and ED visit rates were calculated and categorized overall and by age group
(0-4, 5-17, 18-34, 35-64, and =65 years), sex, causative allergen category with peanuts as
the reference group, and period (2000-2003, 2004-2010, and 2011-2014). Periods selected
for analysis were derived on the basis of when NYC started supplying epinephrine
autoinjectors to schools (2004) and when national guidelines for prevention of anaphylaxis
in schools were published (2010).47 For ED visits, 2 periods were analyzed, 2005 to 2010
and 2011 to 2014, because there were no ED visit data before 2005. Rates were age-adjusted
using direct standardization based on US Census Bureau 2000 datal® or stratified by age
group and expressed as the number of anaphylaxis events per 1 000 000 person-years.
Nonoverlapping confidence intervals (CIs) were used to determine whether rates were
different between groups. Analyses were performed using SAS 9.2 (SAS Institute Inc, Cary,
North Carolina).

This study was deemed exempt from human sub-jects research by the institutional review
boards at the Centers for Disease Control and Prevention and the New York City Department
of Health and Mental Hygiene.

During the study period, there were 24 deaths, 3049 hospitalizations, and 4013 ED visits not
resulting in hospitalization among NYC residents attributable to food-related anaphylaxis

(Table 1). Age-adjusted rates for hospitalizations were 26.2/1 000 000 person-years (95% CI
= 25.4-27.0) and 50.9/1 000 000 person-years (95% CI = 49.5-52.3) for ED visits (Table 2).

The annualized rate of food-related anaphylaxis deaths per 10 million population was 2.0
(range: 0-6.1 deaths per 10 million population). Implicated foods in the deaths included
crustaceans (7 deaths [29%]), peanuts (4 deaths [17%)]), tree nuts or seeds (2 deaths [8%]),
and fish (2 deaths [8%]) (Table 1). Other foods listed were milk, chickpeas, and chocolate (1
death each). The food exposure was not spec-ified in 6 reports. Median age of decedents was
47 years (range: 6-84 years); risk for death was highest among people aged 65 years and
older (2.1 deaths for every 100 hospitalizations and ED visits) and lowest among adults aged
18 to 34 years (0.1 deaths for every 100 hospitalizations and ED visits). All seafood-related
deaths (crustaceans and fish) occurred among adults (aged =18 years) with a median age of
65 years. Of 7 deaths that occurred among children (aged <18 years), 4 were related to
peanuts and tree nuts or seeds. Crustaceans had the highest allergen-specific risk for death at
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1.8/100 hospitalizations, 6.5 times higher (95% CI = 1.9-22.1) than that for peanuts (Table
1).

Peanuts were the most common allergen implicated in hospitalizations (27.1%) and ED
visits (20.2%). Age-adjusted rates of both hospitalizations and ED visits were highest for
peanuts, followed by fish, and tree nuts and seeds (Table 2). Higher rates were most
commonly associated with younger age (Table 3). Rates of hospitalizations for peanuts, tree
nuts and seeds, milk products, and eggs were highest among persons aged 0 to 4 years; rates
of hospitalizations for crustaceans and fish were highest among persons aged 5 to 17 years.
Rates of ED visits for peanuts, tree nuts and seeds, milk products, and eggs were highest
among persons aged 0 to 4 years; rates for crustaceans and fish showed less variation by age.

Rates of hospitalizations increased from 16.5/1 000 000 person-years during 2000 to 2003 to
34.0/1 000 000 during 2011 to 2014. Emergency department visit rates increased from
35.6/1 000 000 person-years during 2005 to 2010 to 73.8/1 000 000 during 2011 to 2014.
Across the 3 periods, rates of hospitalizations increased for events related to peanuts,
crustaceans, fruits and vegetables, tree nuts and seeds, and milk products (Table 4). Across
the 2 periods with available ED data, ED visit rates increased for events linked to peanuts,
crustaceans, fruits and vegetables, tree nuts and seeds, food additives, and milk products.

Epidemiology and potential preventability of deaths

Sixteen of 24 deaths were investigated by the medical examiner, including 5 crustacean-
related cases, 2 peanut-related cases, and 1 seafood-related case. Of these, 11 (69% of 16
and 46% of all 24 deaths) were potentially preventable, including 2 public health preventable
(1 nursing home and 1 restaurant), 5 medically preventable, and 4 medically and public
health preventable (all 4 with restaurant exposure). Nine (56%) persons were known to be
allergic to the implicated food they ingested; 3 had a known previous anaphylactic reaction.
Two additional persons had previous less severe reactions, including 1 with hives and 1 with
lip swelling. None had documentation that epinephrine was received at the time of the
reaction before the arrival of medical personnel; only 1 was known to have an epinephrine
autoinjector but did not have it at the time of exposure. Of the 5 restaurant exposures, 4
people were exposed to foods to which they knew they were allergic (2 to shrimp, 1 to
lobster, and 1 to seafood). Of the 5 deaths that were not preventable, 4 occurred at home to
people not known to be allergic to the suspect food, and 1 was a child with a known peanut
allergy who died after peanut exposure at school despite being given a dose of epinephrine.

Discussion

This study is one of few population-based studies of food-related anaphylaxis deaths, ED
visits, and hospitalizations in the United States and the only study from the perspective of a
public health department. There are multiple findings relevant to the prevention of
anaphylaxis deaths in NYC. First, the frequency and rate of deaths during the 15-year study
period were low, averaging fewer than 2 deaths per year, with the absolute number per year
lower in the most recent 4 years (2011-2014) compared with the preceding 7 years (2004—
2010). This trend occurred in the context of an increasing frequency of hospitalizations and
ED visits for anaphylaxis, an increase primarily driven by increases in hospitalizations and
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ED visits for peanut and other nut-related allergies. Second, higher numbers and rates of
death occurred among adults than children. Deaths among adults were more often associated
with crustacean ingestion than peanuts and other nuts, and the ratio of deaths to ED visits
and hospitalizations was much higher for crustaceans than peanuts or nuts. Third,
approximately half and possibly most deaths were preventable. Among deaths with
sufficient information, most victims knew that they were allergic to the food they ingested
but did not have an epinephrine autoinjector at the time of the reaction; approximately half
ingested the suspect food in a public setting. Few did not know that they had a food allergy
and were exposed at home where no immediate potential help was available; only 1 person
was administered epinephrine before medical personnel arrived. These findings indicate that
current prevention efforts directed at schools and day cares and emphasizing accidental nut
exposure are working (ie, more public awareness and a lower threshold for seeking treatment
of those with suspected reactions to peanuts and nuts). However, prevention efforts should
also focus on prevention and treatment of anaphylactic reactions in adults, especially those
with known crustacean or seafood allergies.

The low death rate reported in this study is consistent with those of other US studies using
coded death data.13-1% Two national studies examining trends in deaths from anaphylaxis
during overlapping periods (1999-20091° and 1999-201014) similarly found stable rates of
food-related anaphylaxis. These other studies were unable to provide information about
whether the statistically insignificant halving of the death rate in NYC since 2010 had
occurred else-where. Food-related anaphylaxis deaths attributable to specific foods were not
distinguished in these studies; thus, the relative importance of deaths from crustacean
exposure compared with peanuts and other nuts was not reported.

In this study, trends in rates of hospitalizations and ED visits per 1 million population for
food-related anaphylaxis were similar to those reported in 1 US national study covering
1999 to 2009.1° Both studies reported increasing trends in food-related hospitalizations and
ED visits overall and from major food allergens. In both studies, the leading causes and
largest increases in hospitalizations and ED visits were from peanut and nut exposure. The
relative exposures to peanuts and crustaceans among cases nationally were similar to those
in NYC in comparable periods, with slightly higher prevalence of each nationally. Together,
the national and NYC data support the hypothesis that increased public awareness that
peanuts and nuts can cause fatal anaphylaxis has led to more people seeking treatment when
they have a suspected allergic reaction.

Although case fatality rates were highest from crustacean exposure, rates of hospitalizations
and ED visits were highest for peanut and other nut exposures. This is likely attributable to
the national focus of prevention efforts on peanut and other nut exposures among children
rather than anaphylaxis deaths among adults.*’ We found that approximately 50% to 70% of
all deaths were potentially preventable; most were medically preventable because most
involved persons with known food allergies who did not carry an epinephrine autoinjector.
Multiple deaths occurred in public settings (eg, restaurant or nursing home) among persons
without known food allergies and might have been preventable had there been epinephrine
autoinjectors on-site.
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The public health effort to prevent anaphylaxis deaths in the United States has primarily
focused on several areas that include (1) increasing public aware-ness of possible food
allergens in packaged food (ie, labeling); (2) increasing public and food service
establishment workers’ awareness of possible food allergens in food prepared and served in
licensed food establishments; and (3) making epinephrine autoinjectors available in schools
and day care centers.*:”8 The findings from our study have several additional implications
for NYC and possibly other jurisdictions that include (1) improvements in alerting clinicians
and the public to the need for adults with allergies to the most common causes of
anaphylaxis, to avoid those foods, and to be prescribed and carry an epinephrine autoinjector
whenever eating is anticipated; and (2) potential benefit to having undesignated epinephrine
autoinjectors available in public places where food is served, especially licensed food
service establishments. The latter has been receiving growing attention in parts of the United
States with a bill passed that facilitates this on a voluntary basis in Florida.1% Also, bills
were introduced in 2 states that required restaurants to have an epinephrine autoinjector on
hand,1:12 but neither bill passed. Finally, a recent white paper was published that addressed
concerns and possible solutions.8 A barrier to wider availability of epinephrine autoinjectors
is cost. The retail price can be as high as $700, out of range of the $24 estimated by others20
that could make personal autoinjectors cost-effective in preventing peanut-related deaths in
children. Also, requiring nondesignated epinephrine autoinjectors be made widely available
in food service establishments would be an educational challenge. At a minimum, it would
require both recognition on the victim’s part that he or she might be having an anaphylactic
reaction and that an epinephrine injection was needed immediately, and that the person who
administered epinephrine would do so correctly. An educational effort targeted at food
service establishments would also need to include posting information on the menu or
another prominent place that an epinephrine autoinjector is available.

This study has multiple limitations. First, detailed information on circumstances of death
was available only for 16 of 24 people, but even that information was not systematically
collected. Developing guidelines for those who investigate and certify deaths could improve
the quality and standardization of information collected. Second, a substantial percentage of
hospital and ED discharge diagnoses for food-related anaphylaxis specified no particular
food item. The likelihood exists that the percentages of specific food items are higher than
presented. Third, incidence rates for hospital and ED discharges and deaths are likely
underestimates of the true burden of food-related anaphylaxis, because anaphylactic
reactions can mimic other signs and symptoms (eg, asthma, cardiac events, and shock).
Furthermore, only the principal discharge diagnosis was used to classify hospitalizations and
ED visits; events may have been indicated in a secondary diagnosis. Fourth, this study
cannot shed light on the possible preventability of hospitalizations and ED visits for food-
related anaphylaxis among survivors as data on setting of exposure and timing to treatment
were not readily available. Finally, data are specific to NYC. Other public health agencies
are encouraged to conduct their own analyses of death, hospitalization, and ED data to
determine where there might be opportunities to prevent the limited number of deaths per
year from food-related anaphylaxis.

J Public Health Manag Pract. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Poirot et al.

Page 8

Conclusions

Deaths from food-related anaphylaxis are rare. In NYC, adults are at much higher risk than
children for whom prevention efforts centered on peanuts and other nuts appear to be
effective. At least half of fatal reactions in adults might have been prevented among those
with known food allergies. This is especially true for deaths that involved crustaceans. By
having and adhering to a strict plan to avoid those foods, recognizing symptoms of
anaphylaxis, and having immediate access to epinephrine autoinjectors, these deaths might
have been averted. Clinicians need to assure adults and children with food allergies to take
food allergies seriously, avoid foods to known allergens, and carry a prescribed up-to-date
epinephrine autoinjector. Given the low incidence of food-related fatalities and the high cost
of epinephrine autoinjectors, it might not be feasible for public health agencies to make
epinephrine autoinjectors available in public places other than schools and day care centers,
except voluntarily and as permitted by local law.
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Implications for Policy & Practice

Current efforts to prevent deaths from food-related anaphylaxis in children,
including education in school and day care settings and ensuring epinephrine
autoinjector availability on-site, appear to be effective.

Current efforts to prevent such deaths in adults need enhancing. Most deaths
from food-related anaphylaxis in New York City occurred in adults who
ingested a food to which they knew they were allergic, especially crustaceans,
and did not have an epinephrine autoinjector available.

More attention needs to be paid to ensuring that adults with potentially life-
threatening food allergies have a strict plan to avoid those foods, are
prescribed an epinephrine autoinjector, carry it with them at all times when
eating is anticipated, and know the indications for using it.

Deaths from food-related anaphylaxis are rare. Given the large number of
food service establishments and high cost of epinephrine autoinjectors, it
might not be feasible for public health agencies to make epinephrine
autoinjectors available in public places other than schools and day care
centers, except voluntarily and as permitted by local law.

Other public health agencies are encouraged to conduct their own analyses of
death and hospital and ED discharge data to determine where there might be
opportunities to prevent deaths from food-related anaphylaxis.
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