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Abstract

Objective: To describe time trends for hospital admissions due to food
anaphylaxis in the UK over the past 20 years.

Design: Analysis of national UK data relating to hospital admissions and fatality
data for anaphylaxis and prescription data for adrenaline autoinjector devices
in the population as a whole, and by devolved nation.

Setting: United Kingdom, 1998-2018.

Participants: UK population.

Main outcome measures: Time trends, age and gender distributions for
anaphylaxis admissions caused by food and, for comparison, non-food triggers,
and how these compare to fatalities due to food-anaphylaxis.

Results: Food-induced anaphylaxis represented 29.4% of reported
anaphylaxis admissions, and increased significantly from 1.23 (in 1998) to 4.02
admissions per 100,000 population per annum in 2018, an annual increase of
5.7% (95% CI1 5.5 to 5.9); p<0.001. The largest increase was seen in children
(an annual increase of 6.6% (95% CI 6.3 to 7.0), p<0.0001), compared with
adults. There were 152 fatalities identified where the fatal event was very likely
due to food-induced anaphylaxis. The case fatality rate (number of fatalities as
a proportion of hospital admissions) for food anaphylaxis decreased from 0.7%
to 0.19% (confirmed cases, rate ratio 0.931 (95% CI 0.904 to 0.959); p<0.0001)
and 0.30% (suspected cases, rate ratio 0.970 (95% CIl 0.945 to 0.996);
p=0.024). At least 86 (46%) fatalities were triggered by peanut/tree nuts. Cow’s
milk was responsible for 26% of fatalities in young people under age 16 years.
Over the same time period, prescriptions for adrenaline auto-injectors

increased 11% per annum.
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Conclusions: Hospitalisations for food-induced anaphylaxis have continued to
increase since 1998, however, the case fatality rate is decreasing. In school-
aged children, cow’s milk is now the commonest single cause of fatal

anaphylaxis.

What is already known on this topic

e Hospital admissions due to food anaphylaxis are increasing globally, and

doubled between 1998 and 2012 in England and Wales.

e Over the same time-period, the the incidence of fatal anaphylaxis has

remained stable.

What this study adds

e Despite an increase in hospitalisation for food-induced anaphylaxis in the

UK between 1998 and 2018, the case fatality rate has fallen.

e Cow’s milk is increasingly common as a cause of fatal anaphylaxis, and is

responsible for over one quarter of anaphylaxis fatalities in children.

e Prescriptions for adrenaline autoinjectors have increased at almost double
the rate of hospital admissions. The impact of this on fatal outcomes is

unclear.
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Abbreviations

95% ClI 95% Confidence Interval

HES Hospital Episodes Statistics

ICD International Classification of Diseases
ONS Office for National Statistics

PEDW Patient Episode Database for Wales
SEM Standard error of the mean

UKFAR UK Fatal Anaphylaxis Registry
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INTRODUCTION

Food allergy continues to attract significant attention at a public health level and
in the media. It is the commonest cause of potentially life-threatening allergic
reactions (anaphylaxis), a serious systemic hypersensitivity reaction that is
usually rapid in onset and may cause death.” Significant increases in
hospitalisations due to food-anaphylaxis have been reported globally,?
however, it is unclear whether this trend is continuing to increase, and if so,

how this relates to the incidence of fatal reactions.

There is an increasing tendency for mainstream media to report routinely-
collected data relating to food anaphylaxis,® but often with little attempt to
understand the issues and limitations of using such data; this is partly due to a
lack of awareness over the coding systems used, for example admissions due
to “allergy” may include day-case admissions for allergy testing, irrespective of
whether this results in an allergic reaction. As a consequence, these reports

often contrast with the available published data in the scientific literature.

We have previously reported trends in anaphylaxis in England and Wales
between 1992 and 2012.4 In the current manuscript, we extend these data up
to and including 2018, and also include data from Northern Ireland and Scotland
in order to provide a more comprehensive analysis of trends in hospital
admissions in the UK which can be matched to UK fatality data. We explore
time trends in all-cause and specific-cause anaphylaxis events in different age
groups and by gender, and evaluate changes in the case fatality rate for food-

induced anaphylaxis in the UK.
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METHODS

Hospital admissions data for England and the devolved administrations
(Scotland, Wales and Northern Ireland) are collected in the Hospital Episodes
Statistics (HES) database (coordinated through NHS Digital) for England,
Patient Episode Database for Wales (PEDW) (NHS Wales Informatics Service,
NWIS), Information Services Division (NHS Scotland) and Hospital Activity
Statistics (Health-NI), respectively. We extracted data from these datasets
relating to hospital admissions from 1998 to 2018, where the primary diagnosis
was anaphylaxis. Attendances to the emergency department that did not result
in a hospital admission were excluded. The following ICD-10 codes were used:
anaphylactic shock due to adverse food reactions (T78.0); anaphylactic shock,
unspecified (T78.2); other and unspecified allergy (T78.4); and anaphylactic
shock due to adverse effects of correct drug or medicament properly
administered (T788.6). Hospitalizations where a primary T78 code was
associated with a secondary X23 code were classified as being caused by
insect sting—related anaphylaxis. Due to the restrictions on data access,

“children” encompassed young people up to 15 years of age.

Fatal food-induced anaphylaxis data

Deaths in England and Wales are recorded by a medical doctor and these data
are collected by the Office for National Statistics (ONS). Since 1992,
anaphylaxis fatality data have also been collected by the UK Fatal Anaphylaxis
Registry (UKFAR). We updated previously published data from UKFAR* using
Inquest Reports and reports in the national media, using an identical

methodology since the attribution and coding of deaths can be unreliable. For

https://mc.manuscriptcentral.com/bmj
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each death, the probability that it was caused by food-induced anaphylaxis was
assessed; deaths caused by an acute asthma exacerbation were included only
where there was strong evidence that the episode was triggered by an identified
allergen to which the deceased patient had a known allergy. Cases were cross-
checked with cases from the ONS database where sufficient information was
available to determine the likely cause of death. While we included reports of
fatal food-anaphylaxis for residents in Scotland and Northern Ireland, we were

unable to cross-check these with the equivalent databases in these nations.

Adrenaline autoinjector prescriptions

Annual prescriptions data for adrenaline autoinjectors were obtained from: NHS
Digital (for NHS England); Public Health Scotland; NHS Wales Shared Services
Partnership; Health and Social Care Northern Ireland Business Services

Organisation.

Statistical Analyses

Hospital admissions data were expressed per 100,000 population for the
equivalent ONS population estimate for that year. Age-specific rates for hospital
admissions and fatalities were calculated by standardizing to the age
distribution of the population to mid-2009 estimates as reported by ONS.
Poisson regression was used to estimate the rate ratio (and 95% Confidence
Intervals (Cls)) for the annual increase in rates, for the following time periods,
as previously described.* All statistical analyses were run in the programming
language R. A rate ratio of 1.0 implies no annual change in rate, and a 95% ClI

that includes 1.0 indicates the observed rate ratio is not statistically significant.

https://mc.manuscriptcentral.com/bmj

Page 8 of 33



Page 9 of 33

oNOYTULT D WN =

184

185

186

187

188

189

190

191

192

BMJ

We estimated rate ratios for the overall study period (1998-2018), but also the
most recent 5 and 10 year periods in order to assess for possible changes in

time trends.

Patient and public involvement

No patients were involved in setting the research question or the outcome
measures, however input was obtained from representatives from Allergy UK
and the Anaphylaxis Campaign to inform the presentation of the data included

in this report.
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RESULTS

Hospital admissions due to “allergy” increased steadily across all ages since
1998 (supplementary fig 1), from 8.0 to 20.8 admissions per 100,000 population
in 2018, an increase of 160%. The estimated rate ratio (multiplicative increase
of the rate per year over the study period) was 1.039 (95% CI, 1.038 to 1.040;
p<0.0001). However, only 50.7% of these admissions were coded as being due
to (all-cause) anaphylaxis; the remainder also included day cases (for example,
for allergy testing such as food challenges). Limiting the analysis to anaphylaxis
(T78.0,T78.2, T88.6), hospital admissions increased by 174%, from 4.2 to 11.5
per 100,000 p.a., equivalent to a rate ratio of 1.047 (95% CI 1.046 to 1.048,
p<0.0001). Consistent with our previous data, there was no obvious impact
noted following the introduction of maximum waiting time targets in Emergency

Departments introduced by the UK government in 2004.

Analysing these data by age group (0-14 years, 15-59 years, 60+ years), a
similar trend was noted although there was evidence of a plateau in adult
“allergy” admissions but not for anaphylaxis since 2014 (Figure 1A).
Anaphylaxis hospitalisations where the trigger was unknown or due to a non-
food trigger are shown in Figure 1B. Across all age groups, age-specific rates
for hospitalisations increased, with rate ratios of 1.065 (95% CI 1.060 to 1.069)
for 0-14 years, 1.041 (95% CI 1.039 to 1.042) for 15-59 years, and 1.050 (1.048

to 1.053) for 60+ years.

Hospitalisations due to food-induced anaphylaxis

https://mc.manuscriptcentral.com/bmj
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Food-induced anaphylaxis represented 29.4% of reported “allergy” admissions,
and significantly increased over the study period from 1.23 to 4.02 admissions
per 100,000 population per annum (estimate rate ratio 1.057 (95% CI 1.055 to
1.059); p<0.001) (supplementary fig 1). The greatest increase in admissions
due to food-anaphylaxis was noted for young people under age 15 years: from
2.6 to 9.2 admissions per 100,000 population p.a. (an increase of 260%),
equivalent to a year-on-year increase of 6.6% (rate ratio 1.066 (95% CI 1.063
to 1.070), p<0.0001). This compares an increase of 178% (rate ratio 1.059
(95% CI 1.056 to 1.062), p<0.0001) for age 15-59 years, 93% increase (rate
ratio 1.021 (95% CI 1.02 to 1.03), p<0.0001) for age 60+ years over the same

time period (Figure 1C).

In 2011, guidance from the National Institute for Health and Care Excellence
(NICE) was published which recommended that children under age 16 years
should be admitted to hospital under the care of a paediatric medical team
following emergency treatment for suspected anaphylaxis.> We therefore
calculated rate ratios for the increase in hospitalisations due to food
anaphylaxis in children for the time periods 1998-2010 (prior to guideline),
2011-2018 and 2014-2018. The rate ratios were 1.057 (95% CI 1.049 to 1.065),
1.091 (95% CI 1.079 to 1.103) and 1.086 (95% CI 1.064 to 1.109) respectively.
This implies that there was a significant increase in hospital admissions after
2011, but also that the rate of increase has continued to persist from 2014
onwards. Therefore, the increase over the last 5 years cannot be attributed to

the impact of NICE guidance.
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Association between gender and anaphylaxis hospitalisation rates

A clear female predominance was seen for non-food triggers of anaphylaxis
admissions throughout the study period (Figure 2A), whereas this was not
apparent for food anaphylaxis (Figure 2B). On further analysis, looking at
gender differences by age, there was a clear male predominance in food
anaphylaxis admissions prior to puberty (M:F ratio 1.6:1), which then reversed
from age 15 years onwards (Figure 2E), consistent with previous data.® The
gender ratio for anaphylaxis admissions due to an “unspecified” trigger in
younger children (Figure 2D) implies that many of these prepubertal cases may

have been due to a food trigger but coded incorrectly.

Time-trends for anaphylaxis admissions in the UK by devolved nation

Analysing hospital admissions by devolved nation, we observed a significantly
lower rate of admissions per 100,000 in Wales compared to the other devolved
nations for all-cause anaphylaxis (supplementary fig 2). Due to data protection
issues, we were unable to assess the impact of Welsh residents seeking
medical attention in English hospitals, which might explain this finding. With
respect to food-induced anaphylaxis, admissions were higher in England and
Scotland than in Northern Ireland and Wales, although this difference was not
significant. The annual increase in admissions showed evidence of plateauing
in Wales and Northern Ireland, as reflected by the estimated rate ratio for the
year-on-year increase in admissions when considering the period 2014-2018
(Table 1). However, the confidence intervals for these data are wider due to the
lower number of cases of anaphylaxis in Wales (3.7%) and Northern Ireland

(3.2%).
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Fatal food-induced anaphylaxis

Between 1998 and 2018, we identified 152 fatalities where there was a high
level of suspicion that the fatal event was due to food-induced anaphylaxis; in
120 cases, the cause of death at coronial inquiry was for food-induced
anaphylaxis, while in the remaining 32 cases, there was sufficient information
from the inquest and/or other sources that the fatal event had been associated
with exposure to a food allergen to which the individual was allergic. The annual
fatality rate due to food-induced anaphylaxis was 0.009 fatalities per 100,000
population in 1998 and 0.008 fatalities per 100,000 population in 2018 (Figure
3A). The case fatality rate (number of fatalities expressed as a proportion of
hospital admissions for food-anaphylaxis) decreased from 0.70% in 1998 to
0.19% (confirmed cases) or 0.30% (suspected cases) in 2018 (Figure 3B). The
estimated rate ratio was 0.931 (95% CI 0.904 to 0.959; p<0.0001) for confirmed
cases and 0.970 (95% CI 0.945 to 0.996; p=0.024) for suspected fatal food
anaphylaxis. The age distribution for fatal cases demonstrated a peak in the
teenage years (Figure 3C); however, this age was also associated with a peak
in hospital admissions. Assessing the case fatality rate by age group, the
highest fatality rate was seen in teenage years but remained elevated
throughout adulthood (Figure 3D). While those under 5 years were most likely
to be admitted to hospital with anaphylaxis, the rate of fatalities in this age group

was very low.

The triggers for these events are shown in Figure 4. In over one quarter of

cases, the precise food could not be identified. At least 86 (46%) fatalities were

https://mc.manuscriptcentral.com/bmj
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triggered by peanut/tree nut. However, cow’s milk was responsible for 26% of
fatalities in children and 5% of adults, despite allergy to cow’s milk allergy being
uncommon in older children and adults. Since 1992, there has been a
downwards trend in the proportion of deaths due to peanut / tree nuts but an

increase in those due to cow’s milk exposure (Figure 4C).

Prescription of adrenaline autoinjector devices

Time-trends in the prescription of adrenaline autoinjector devices to UK
residents, overall and by devolved nation, is shown in Figure 5. Overall,
prescriptions increased by 336% from 1998 to 2018. The estimated rate ratio
was 1.113 (95% CI 1.112 to 1.113) over the study period, which represents a

year-on-year increase of 11% per annum.
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DISCUSSION

In this analysis of hospitalisations and fatalities due to food anaphylaxis over a
20 year period, we demonstrated that while hospitalisations have continued to
increase across all age groups, fatalities due to food anaphylaxis have not.
Furthermore, over the same time period, the case fatality rate has more than
halved, from 0.7% in 1998 to 0.3% in 2018. These data extend previous findings
reported for England and Wales to encompass the UK population,* and are
consistent with epidemiological trends in hospitalisations for anaphylaxis from

USA and Australia.?

Improvements in the recognition and management of anaphylaxis may explain,
at least in the part, the decrease in case fatality rate despite increasing
anaphylaxis hospitalisations. There is no evidence to suggest that the clinical
criteria used to diagnose anaphylaxis has changed in the UK over the study
period. It is likely that the introduction of national guidance from the NICE in
2011 resulted in a small increase in hospitalisations due to anaphylaxis, but the
year-on-year increase has persisted since. Whether is due to a true increase in
the prevalence of anaphylaxis (rather than a reduction in the threshold to admit
patients presenting with anaphylaxis) is unclear, as the evidence for an
increase in prevalence of food allergy in the UK (and elsewhere) over the same

time period is lacking.”

These data represent the largest published series of food-anaphylaxis fatalities

in the literature, and clearly demonstrate that while preschool-aged children

have the highest rate of hospitalisation due to anaphylaxis, the case fatality rate

https://mc.manuscriptcentral.com/bmj
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in this age group is very low. Teenagers are considered to be at highest risk for
fatal reactions,*8 but our data imply that while this is true, the case fatality rate
remains elevated well into mid-adulthood. This challenges the traditional view
that teenagers are more at risk of fatal outcomes due to risk-taking behaviours,®
and supports our hypothesis that there may be a specific, age-dependent
vulnerability to severe outcomes from food-induced allergic reactions in early-

mid adulthood.#

By including published data relating to fatal food anaphylaxis in this analysis,
we observed that over the past 25 years, there has been a decrease in the
proportion of fatal reactions due to peanut/tree nuts (which we attribute to
removal from many confectionery brands and general avoidance by food
businesses), but a concerning increase in those due to cow’s milk, such that
cow’s milk is now the most common cause of fatal food anaphylaxis in children
in the UK. The increase in milk as a cause of severe anaphylaxis has also been
noted in North America and Israel.®-'" Furthermore, in the UK, cow’s milk allergy
is relatively uncommon in adults but was still responsible for 5% of fatal food
reactions. There is increasing awareness amongst food business operators and
the general public over food allergy related to peanut and tree nuts, but not to
cow’s milk.1213 Cow’s milk is ubiquitous in the Western diet, and has a relatively
high protein content so very low levels of exposure may be sufficient to cause
reactions. Allergen control is further complicated by the possibility of
homogenous (where the allergen is equally dispersed throughout the food
product) rather than particulate contamination in food preparation.'* The

majority of children with cow’s milk protein allergy outgrow their allergy in early

https://mc.manuscriptcentral.com/bmj
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childhood,’ but those with persisting milk allergy tend to have other
concomitant atopic diseases including asthma.’? Furthermore, the lower
proportion of food-anaphylaxis reported to milk in older children in the European
Anaphylaxis Registry raises a concern that those reactions which do occur

triggered by milk exposure in older children may be of a greater severity.'®

Strengths and limitations

The use of a national dataset in the context of the UK health system provides
a unique opportunity to draw robust conclusions as to changes in hospital
admissions and outcomes due to food anaphylaxis, compared to other
countries where data collection may be less systematic and not applied to the
entire population. However, our data do have some limitations as previously
discussed elsewhere,?46 including miscoding (both for the eliciting trigger but
also misdiagnosis, with non-anaphylaxis reactions being miscoded as
anaphylaxis). By using the same methods throughout the study period, we were
able to monitor time trends irrespective of the risk of miscoding which is unlikely
to have been affected by time. Unfortunately, we were unable to include cases
of anaphylaxis seen in Emergency departments that did not require

hospitalisation, as these datasets are incomplete and very prone to miscoding.*

Our data highlight some of the potential pitfalls in analysing health datasets in
terms of anaphylaxis admissions. Hospital admissions for anaphylaxis are often
used as a surrogate measure for the occurrence of anaphylaxis, but this is a
false assumption. Gonzalez-Pérez reported that under half of anaphylaxis

presentations in a UK analysis presented to Emergency Departments.'” There

https://mc.manuscriptcentral.com/bmj
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is little evidence that the incidence of food allergy or anaphylaxis has increased
over the past decade in the UK;” our observation that prescriptions of
adrenaline autoinjectors have increased at a year-on-year rate of 11% (despite
anaphylaxis hospitalisations increasing at around half that rate over the same
period) does not imply an increase in prevalence of individuals at risk of
anaphylaxis. At least in the UK, “allergy” admissions include elective day-case
procedures such as oral food challenges. As a result, only approximately 30%
of hospital admissions for “allergy” are due to food anaphylaxis. Due to the
limitations of ICD-10, food-related anaphylaxis reactions will often be coded as
anaphylactic “shock”, despite the fact that “shock” is a rare occurrence in food
anaphylaxis.?#1% Thus, no conclusions can be drawn as to the severity of
anaphylaxis when analysing hospital admissions, unless other considerations
are taken into account (such as admission to intensive care or fatal outcomes).
The introduction of ICD-11 will hopefully address many of the current limitations
of ICD-10,'® although a proposal to include a classification of anaphylaxis by

clinical severity was rejected.’

Conclusions and policy implications

We have demonstrated a fall in case fatality due to food anaphylaxis between
1998 and 2018 in the UK, despite a three-fold increase in hospital admissions
due to food anaphylaxis over the same time. Cow’s milk is increasingly seen as
the culprit allergen for fatal food reactions, and is now the commonest cause of
fatal anaphylaxis in children. More education is needed to highlight the specific
risks posed by cow’s milk to allergic individuals, to increase awareness

amongst food businesses.' Finally, further work is needed to assess the
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evidence for an age-related vulnerability to severe anaphylaxis in young adults,
to improve our ability to risk-stratify food-allergic patients and reduce the risk of

fatal outcomes.
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Table 1: Estimated rate ratios (and 95% CI) for time-trends in hospital
admissions for all-cause and food-induced anaphylaxis, between 1998-2018,

2009-2018 and 2014-2018, by devolved nation.

BMJ

All-cause anaphylaxis

Food-induced

anaphylaxis
1998-2018
e UK 1.047 (1.046-1.048) 1.057 (1.055-1.059)
e England 1.052 (1.051-1.053) 1.061 (1.058-1.063)
e Scotland 1.030 (1.027-1.034) 1.046 (1.040-1.053)
e Wales 1.009 (1.004-1.015) 1.015 (1.005-1.024)
e N. lIreland 1.018 (1.012-1.024) 1.039 (1.027-1.052)
2009-2018
e UK 1.036 (1.033-1.039) 1.063 (1.058-1.068)
e England 1.039 (1.036-1.042) 1.063 (1.057-1.069)
e Scotland 1.011 (1.002-1.021) 1.072 (1.054-1.090)
e Wales 1.014 (0.998-1.030) 1.049 (1.020-1.078)
e N. Ireland 1.033 (1.017-1.050) 1.045 (1.011-1.080)
2014-2018
e UK 1.042 (1.034-1.050) 1.062 (1.048-1.076)
e England 1.047 (1.039-1.056) 1.069 (1.054-1.085)
e Scotland 1.034 (1.007-1.062) 1.038 (0.992-1.085)
e Wales 0.965 (0.924-1.008) 0.981 (0.911-1.056)
e N. Ireland 0.988 (0.945-1.032) 0.991 (0.907-1.082)
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Figure Legends

Figure 1: Time-trends in hospital admissions per 100,000 population since
1998, by age strata, for A “allergy” and all-cause anaphylaxis; B, non-food

anaphylaxis; C, food-related anaphylaxis. Vertical bars represent SEMs.

Figure 2: Impact of gender on hospital admissions for anaphylaxis, for food and
non-food-induced anaphylaxis. Vertical bars represent SEMs. A national 4 hour
target for Accident & Emergency visits was introduced in 2004; NICE guidance
recommending overnight admission for paediatric anaphylaxis was introduced

in 2011.

Figure 3: Fatalities due to food-induced anaphylaxis in UK, 1998-2018. A,
deaths per 100,000 population. B, case fatality rate (with line fitted using linear
regression). C, hospital admissions and deaths by age group. D, case fatality

rate by age group. Vertical bars represent SEMs.

Figure 4: Cause of fatal food-induced anaphylaxis cases by trigger in children

(A) and adults (B) and by 5-year groups (C).

Figure 5: Prescription of adrenaline autoinjectors to UK residents from

1998 to 2018, overall and by devolved nation. Data refers to number of

prescriptions issued (as opposed to number of devices issued).
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Figure 5: Prescription of adrenaline autoinjectors to UK residents from1998 to 2018, overall and by devolved
nation. Data refers to number of prescriptions issued (as opposed to number of devices issued).
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