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ABSTRACT

Background: Anaphylaxis events are increasing worldwide, based on studies of single admin-
istrative datasets including hospital admissions, emergency room presentations, and prescription
and medical claims data. Linking multiple administrative datasets may provide better epidemio-
logical estimates, by capturing a greater number of anaphylaxis events occurring at the individual
level. In this linked data study in Western Australia, we combined 4 population-based datasets to
identify anaphylaxis events, factors influencing occurrence, and change in event rates from 2002 to
2013.

Methods: Four linked administrative datasets from the Western Australian Data Linkage System
were used, representing ambulance attendances, emergency department presentations, hospital
inpatient admissions and death registrations. An anaphylaxis cohort was identified using ICD-9-
CM, ICD-10-AM and additional anaphylaxis diagnosis codes, with event rates calculated. We
explored the impact of age, gender, cause, Indigenous status and socioeconomic index on event
rates. Standard Poisson regression models were used to examine the significance of the change in
anaphylaxis event rates over time.

Results: A total 12,637 individuals (mean age 31.8 years, 49.6% female) experienced 15,462
anaphylaxis events between 2002 and 2013 (97.5% in non-Indigenous patients and 59.5%
residing in the area of greatest socioeconomic advantage). Anaphylaxis event rates increased from
15.4 to 82.5/10° population between 2002 and 2013. The greatest increase in anaphylaxis events
was seen in those coded as unspecified anaphylaxis (all ages, males and females combined,
p < 0.001), with the highest rates of unspecified anaphylaxis in males 0-4 years (171.9/10°
population in 2013), and females 15-19 years (104.0/10° in 2013). The average annual percent
increase (95% CIl) for food-related anaphylaxis was 9.2% (6.6-12.0); for medication-related
anaphylaxis was 5.8% (4.5-7.1); and for unspecified anaphylaxis was 10.4% (9.8-11.0); all
p < 0.001. There was a significant increase in ambulance attendance, emergency presentations
and inpatient admissions for anaphylaxis between 2002 and 2013, with emergency presentations
(56.0/10° population), inpatient admissions (43.2/10°), and ambulance attendance (21.6/10°)
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highest in 2013. Only 25 anaphylaxis-related deaths were recorded in the mortality register with

no significant change in rates over time.

Conclusion: Using multiple linked administrative datasets, we identified significantly higher rates
of total anaphylaxis than previously reported, with more than 5-fold increases in anaphylaxis
events between 2002 and 2013. While the combination of 4 population-level datasets provides a
more comprehensive capture of cases, even at the individual dataset level, admission rates for
anaphylaxis in Western Australia are substantially higher than those previously reported for similar

time periods, both in Australia and worldwide.
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INTRODUCTION

Anaphylaxis is defined as a serious allergic re-
action that is rapid in onset and might cause
death.” The public health burden of anaphylaxis is
considered to be increasing worldwide based on
studies of single administrative datasets which
provide deidentified, population-level health
data, such as that from hospital admissions,
emergency room presentations, prescription and
insurance data.*'® Interpretation of such data,
however, is subject to a number of caveats: (a)
the potential for underestimating the burden of
anaphylaxis (due to differences in health seeking
behaviour, those cared for in the community or
who never seek medical attention), (b) the
potential for overestimation (due to an inability to
distinguish between single and multiple episodes
in the same patient), and (c) the potential for
variability in diagnostic accuracy.

Linking multiple administrative datasets has
the potential to circumvent many of these issues,
by capturing a larger number of unique
anaphylaxis events across multiple levels of the
health system, enabling researchers to identify
which records from multiple datasets belong to
the same person and event, and thereby provide
the most comprehensive epidemiological
estimates.™"

The Epidemiology of Anaphylaxis in Western
Australia (EPAWA) study is a multi-phase linked
data study that combined population-level ambu-
lance, emergency department, hospital inpatient
admissions, and mortality datasets to identify the

Western Australian Anaphylaxis Cohort (WAAC)
and determine the epidemiology of anaphylaxis in
Western Australia. Here we report phase 1, with
objectives to: (i) identify the population repre-
senting all anaphylaxis individuals in Western
Australia for the period 1980-2014 (the WAAC); (ii)
determine annual event rates of anaphylaxis for the
common time period across all datasets (2002-
2013), in a subset of the WAAC; and (iii) explore
the impact of age, gender, cause and dataset
source on anaphylaxis event rates, and determine
change in these event rates including fold change
and annual percentage change over time, in the
WAAC subset.

METHODS
Data source

The Western Australian Data Linkage System
(WADLS) is a system of person-specific linkages
within and between health and non-health data-
sets, maintained by the Western Australian
Department of Health. The data system includes
records from 1969 onwards, and contains over 150
million records spanning more than 50 routinely
linked datasets for the population of Western
Australia."® Data linkage is carried out using
demographic information such as name, date of
birth and address, and wuses probabilistic
matching with manual review where links are

uncertain, to ensure the highest quality of linked
data.”’

The EPAWA study utilised 4 datasets relevant to
anaphylaxis, for which data were available for
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Western Australian Data Linkage System

ICD-9-CM, ICD-10-AM and dataset
specific anaphylaxis diagnosis codes

identify the WA Anaphylaxis Cohort
(WAAC) 1980-2014; n=16,269 individuals
with n=187,351 dataset interactions

HMDC? EDDC?
1980-2015; n=9,146 2002-2015; n=15,456
individuals with 10,585 with 141,855

anaphylaxis only anaphylaxis and other
admissions visits

Deaths?
1981-2016; n=1153
anaphylaxis and other
deaths

Ambulance?
1995-2013; n=8794
individuals with 33,758
anaphylaxis and other
attendances

Datasets merged and then subsetted to

include only anaphylaxis-coded records

WAAC subset 2002-2013
12,637 anaphylaxis-coded individuals representing
21,919 anaphylaxis coded admissions, emergency visits,
ambulance attendances, deaths

Records representing the same anaphylaxis

event across datasets identified and
excluded (n=6,457 records)

WAAC subset 2002-2013
12,637 anaphylaxis-coded individuals representing
15,462 unique anaphylaxis coded events (transfers excluded)
(admissions, emergency visits, ambulance attendances or deaths)

Fig. 1 Identification of the Western Australian Anaphylaxis Cohort, ICD: International Classification of Diseases, CM: Clinical
Modification, AM: Australian Modification, WAAC: Western Australian Anaphylaxis Cohort, HMDC: Hospital Morbidity Data Collection,
EDDC: Emergency Department Data Collection, ® Data for HMDC and EDDC were extracted to end 2015; Ambulance to end 2013; Deaths

to end 2016, in accordance with data available at the time

different time periods: the Hospital Morbidity Data
Collection (commonly known as inpatient admis-
sions; HMDC; 1980-2015), the Emergency
Department Data Collection (EDDC; 2002-2015),
Western Australian Ambulance records (Ambu-
lance; 1995-2013) and Western Australian Death
Registrations (Deaths; 1981-2016). In order to
examine the changing epidemiology of anaphy-
laxis, it was essential to first establish the historical
Western Australian anaphylaxis population using
as broad a time period as possible. In this paper
(phase 1 of EPAWA), we report the identification of
the historical population and then examine
anaphylaxis events in a subset cohort over a suit-
able time period.

Study population

Identification of the Western Australian anaphy-
laxis cohort (WAAC)

Individuals with anaphylaxis recorded in any of
the HMDC, EDDC, Ambulance or Deaths datasets
for the time period 1980-2014 comprised the
Western Australian Anaphylaxis Cohort (WAAC).
Anaphylaxis individuals were identified in each
dataset separately using International Classifica-
tion of Diseases (ICD) anaphylaxis diagnosis codes
for ICD-9-CM (Clinical Modification): 995.0
(anaphylactic shock; includes anaphylactic reac-
tion, anaphylaxis not otherwise specified,
anaphylactic reaction due to adverse event of
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correct medicinal substance properly adminis-
tered), 995.60-995.69 (anaphylactic shock due to
adverse food reaction/s), 999.4 (anaphylactic re-
action to serum) and ICD-10-AM (Australian
Modification): T78.0 (anaphylactic shock due to
adverse food reaction), T78.2 (anaphylactic shock
not otherwise specified), T80.5 (anaphylactic
shock due to serum), T88.6 (anaphylactic shock
due to adverse event of correct drug or medica-
ment properly administered), plus dataset-specific
anaphylaxis codes (local codes in EDDC and
Ambulance datasets). The Ambulance dataset in
particular does not utilise ICD-codes, and as such
no anaphylaxis cause is attributed in coding.
Therefore all anaphylaxis cases from Ambulance
are included in this report as unspecified
anaphylaxis.

Linked records (all anaphylaxis-coded records
for each individual in the WAAC, plus all other
non-anaphylaxis records for those individuals)
were extracted in accordance with the time pe-
riods available (as above), for EDDC (n = 141,855),
Ambulance (n = 33,758) and Deaths (n = 1153).
For HMDC, only anaphylaxis-coded records were
extracted (n = 10,585). Collectively these records
represent the combined health encounters of the
WAAC (n = 16,269 individuals for the period
1980-2014 with a total 187,351 health records for
the period 1980 up to 2016); Fig. 1.

Study cohort

Anaphylaxis events in the WAAC subset, 2002-
2013

The common time period for which all datasets
were available was 2002-2013. Therefore, the most
comprehensive anaphylaxis estimates from the
WAAC will exist within this time period. Anaphy-
laxis records from this time period were identified
separately in each dataset using the ICD anaphy-
laxis diagnosis codes above, and Ambulance-
specific anaphylaxis problem codes. We searched
symptom and principal diagnosis fields in datasets
from the EDDC, principal and secondary di-
agnoses fields in HMDC, and all listed cause of
death codes in Deaths. Text fields in Ambulance
and Deaths were also searched for the “anaph”
substring. The 4 datasets were merged, with only
anaphylaxis  records included in analysis
(n = 12,637 individuals representing 15,462

anaphylaxis events for the period 2002-2013);
Fig. 1.

Individuals across this time period may have
experienced an anaphylaxis event that resulted in
a transfer from one part of the health system to
another. In order to prevent double counting, re-
cords pertaining to the same anaphylaxis event
existing in more than 1 dataset (eg, attendance by
ambulance then visit to emergency; emergency to
hospital; transfer from one hospital to another;
death after interaction with ambulance, emer-
gency or inpatients), were identified as transfer
duplicates, and removed. In this case, the first re-
cord in the sequence was retained as that identi-
fying the event. Please see the Supplemental
Appendix for explanation of identification of
transfer records and removal of duplicates.

We considered anaphylaxis events against key
variables gender, age, anaphylaxis cause type,
Indigenous status, and the Socio-Economic In-
dexes for Areas (SEIFA). The SEIFA used was the
Index of Relative Socio-Economic Advantage and
Disadvantage (IRSAD), which is a general measure
of peoples’ access to material and social re-
sources, and their ability to participate in society.
This index ranks areas on a continuum from most
disadvantaged to most advantaged and repre-
sents the collective socio-economic characteristics
of the people living in an area.”® The IRSAD scores
from the 2011 Australian census were used,
grouped into quintiles for analysis, with quintile 1
representing the most disadvantaged area and
quintile 5 representing the least disadvantaged
area.

Where possible, missing values for variables
(such as age or gender) in any dataset were ob-
tained from values existing in the other linked
datasets. Where the patient only had an age or
gender record in 1 dataset and the missing values
could not be obtained, the record was excluded
from analysis (representing a total of 40 events in
this study).

Analysis

Demographic variables (gender, age, Indige-
nous status, and SEIFA) were described as mean
and standard deviation (SD), or count and per-
centage for all years 2002-2013. Annual anaphy-
laxis event rates (expressed as the number of
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Year
Category
2007 2013 Total 2002-2013
Anaphylaxis events® | n 303 1155 2060 15,462
Age (years) mean (SD) | 33.9 (23.4) | 32.9 (22.0) | 32.3(22.0) 31.8 (21.6)
Min age (years) 0 0 0 0
Max age (years) 90 99 100 100
Gender
Female 'n (%) | 139 (46.0) | 555(48.1) |1043(50.9) | 7642 (49.6)
Cause®
Food n (%) 41 (13.5) 57 (4.9) 164 (8.0) 1020 (6.6)
Medication n (%) 52 (17.2) 187 (16.2) | 315(15.3) 2595 (16.8)
Unspecified n (%) 202 (66.7) | 904 (78.3) | 1575 (76.5) 11,756 (76.0)

Indigenous Status

Not Indigenous | n (%) | 292 (96.7) | 1126 (98.6) | 1988 (97.4) | 14,958 (97.5)
SEIFA IRSAD®
Quintile 1 n (%) 4 (1.6) 4(0.4) 2 (0.7) 99 (0.7)
Quintile 2 n (%) 5(2.0) 9 (0.9) 6(1.5) 205 (1.5)
Quintile 3 n (%) 29 (11.5) 57 (5.5) 163 (9.5) 1073 (8.0)
Quintile 4 n (%) 65 (25.8) 311 (30.1) 471 (27.4) 4078 (30.3)
Quintile 5 n (%) 149 (59.1) | 651 (63.1) | 1046 (60.9) 8020 (59.5)
Dataset”
Ambulance n 65 165 539 3045
EDDC n 93 938 1396 11,290
HMDC n 218 521 1076 7559
Deaths n 1 6 1 25

Table 1. Characteristics of the 2002-2013 subset of the Western Australian Anaphylaxis Cohort SEIFA: Socio-Economic Indexes for Areas.IRSAD:
Index of Relative Socio-Economic Advantage and Disadvantage. HMDC: Hospital Morbidity Data Collection.EDDC: Emergency Department Data Collection.

a. From merged datasets (Ambulance, EDDC, HMDC, Deaths). Count accounts for transfer exclusions and thus represents separate anaphylaxis events in the
combined dataset. b. Cause unspecified includes ICD-coded 78.2 or equivalent and all ambulance events (where cause could not be distinguished).

c. Denominator is 13,475. There were 1987 records missing SEIFA values. d. Count represents anaphylaxis event interaction with the dataset. Cases may be

present in more than one dataset for the same event

anaphylaxis events per 10° population, using the
merged linked datasets) were calculated accord-
ing to the formula below, where group is the
gender and/or age group of interest, and cause
type is the ICD-coded causes: food, medication
and unspecified (respectively T78.0, T88.6, T78.2,
or equivalent as previously stated):

Event Rate (per 10° population)[

cause type, group, year]

Count
_ [caus? type, group, year] % 100, 000
Population(group, year]

The denominator (Population) was the esti-
mated resident population of Western Australia for
each year'® for the corresponding demographic
grouping (group) in the numerator, as a measure
of anaphylaxis occurrence for each year.

We also examined anaphylaxis to serum (T80.5
or equivalent), however this was found to be
negligible in our event estimates and is not
included in this report.

Dataset specific anaphylaxis rates (expressed as
the number of anaphylaxis events per 10> popu-
lation for each individual dataset) were calculated
according to the formula below:

Event Rate (per 10° population)[

cause type, dataset, year]

- Cou nt[cause type, dataset, year] x 100,000
- POpUlatiOn[year] ’

Dataset-specific event rates are stand-alone for
each separate dataset; thus, transfers were not
removed.
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Number of
anaphylaxis events
per 100,000 ChEEE
persons by year
Merged datasets A
Category | (Ambulance, EDDC, an\:weJaaF"eA:
HMDC, Deaths) X % ;“old- ncrease
change | change
2002 2007 | 2013 2002- | 2003- acrce)zsrsall
2013 | 2013 | 3555
2013
All All Food 1.7 1.4 3.3 90.1 1.9 9.2
persons | ages
Medication | 2.5 | 7.9 | 11.4 | 346.9 4.5 5.8
Unspecified| 11.2 | 453 | 67.9 | 508.7 6.1 10.4
Males Age Allage, all 16.9 56.5| 79.8 | 372.9 4.7 9.4
(years) cause
0-4 | Food 124 | 5.7 8.1 —-34.3 0.7 2.5
0-4 | Medication | 1.6 | 7.2 8.1 424.5 5.2 13.1
0-4 | Unspecified| 18.6 | 93.2 [171.9| 825.9 9.3 13.0
5-14 | Food 28 | 21 4.4 55.8 1.6 15.7
5-14 | Medication | 0.7 | 1.4 | 44 | 521.1 6.2 1.3
5-14 | Unspecified | 22.6 | 65.7 | 98.3 | 334.6 4.3 10.6
15-19 | Food 14 | 39 | 25 78.3 1.8 4.7
15-19 | Medication | 2.8 | 9.1 8.6 211.6 3.1 7.1
15-19 | Unspecified| 6.9 | 35.3 | 83.5 | 1110.1 12.1 11.4
20-24 | Food 1.5 | 25 2.1 44.5 1.4 0.1
20-24 | Medication | 1.5 | 5.0 | 84 | 4774 5.8 4.6
20-24 | Unspecified | 14.6 | 57.6 | 71.6 | 389.2 4.9 8.0
25-34 | Food 0.7 | 14 | 1.0 36.6 1.4 3.0
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p-value
for the
change

<0.001

<0.001

<0.001

<0.001

0.421

0.015

<0.001

<0.001

0.012

<0.001

0.449

0.067

<0.001

0.982

0.218

<0.001

0.553

(continued)
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Number of
anaphylaxis events
per 100,000 Change
persons by year
Merged datasets A
(Ambulance, EDDC, an\;euraaﬂ;
HMDC, Deaths) i Joled increase p-value
2002 | 2007 | 2013 czhggg_e Czhggg_e across all for the
years change
2013 2013 2002~
2013
25-34 | Medication | 0.7 | 7.4 | 2.9 | 3085 4.1 3.6 (-2.0- 0.214
9.6)
25-34 | Unspecified| 9.9 | 48.7 | 50.3 | 408.8 5.1 7.3 (5.2- | <0.001
9.5)
35-64 | Food 03 09 | 1.7 | 5346 6.3 9.5 (1.3- 0.025
18.7)
35-64 | Medication | 5.0 6.1 7.6 52.5 1.5 3.3 (0.4- 0.025
6.3)
35-64 | Unspecified| 9.5 | 38.8 | 58.2 | 516.3 6.2 10.7 (9.2- | <0.001
12.2)
>65 Food 0.0 0.0 3.4 [ NA NA 24.8 (6.1- 0.013
51.4)
>65 Medication | 2.1 | 15.7 | 15.8 | 665.5 7.7 9.8 (5.0- | <0.001
15.1)
>65 Unspecified| 9.3 | 31.4 | 32.9 | 2545 3.5 7.8 (4.4- | <0.001
11.3)
Females Age | Allage, all 14.5|53.1 84.6 485.3 5.9 9.6 (8.9- | <0.001
(years)  cause 10.3)
0-4 | Food 9.7 | 3.0 | 1.0 12.9 1.1 7.2 (-1.2- 0.101
16.8)
0-4 | Medication | 0.0 | 3.0 | 24 |NA NA -1.2 (-10.8-| 0.812
9.4)
0-4 | Unspecified| 3.3 | 54.4 | 84.3 | 2493.8 25.9 12.4 (9.6- | <0.001
15.4)
5-14 | Food 08 07 | 46 | 5120 6.1 25.4 (10.5- | <0.001
44.7)
5-14 | Medication | 0.0 2.2 2.6 |NA NA 2.3 (-6.5- 0.619
12.2)
5-14 | Unspecified| 10.5 | 44.9 | 62.3 | 4954 6.0 12.8 (10.3- | <0.001
15.4)
15-19 | Food 2.9 1.4 6.6 126.1 2.3 15.8 (3.8- 0.011
30.4)
15-19 | Medication | 1.5 | 55 | 7.9 | 44438 5.4 7.8 (0.2- 0.047
16.3)

(continued)
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Number of
anaphylaxis events
per 100,000 ChEEE
_persons by year'
Merged datasets A
(Ambulance, EDDC, an\:]eJ:FoeA)
HMDC, Deaths) % fold- increase p-value
2007 | 2013 czhg(r;g_e czhggg_e across all for the
2013 | 2013 | J&3rs change
2013
15-19 | Unspecified | 13.1 | 52.6 [ 104.0| 695.9 8.0 11.9 (9.1- | <0.001
14.8)
20-24 | Food 0.0 1.4 | 3.4 | NA NA 7.2 (-3.9- 0.219
20.3)
20-24 | Medication | 3.1 10.8 | 15.8 409.7 5.1 0.6 (-4.5- 0.813
6.1)
20-24 | Unspecified| 7.7 | 63.4 | 85.5 | 1007.6 11.1 10.7 (8.0- | <0.001
13.6)
25-34 | Food 1.4 1.4 4.2 191.0 2.9 18.1 (6.3- 0.003
32.6)
25-34 | Medication | 2.2 | 7.0 | 16.8 | 680.5 7.8 8.8 (4.5- |<0.001
13.4)
25-34 | Unspecified| 6.5 | 52.0 | 79.2 | 11254 12.3 9.6 (7.6- <0.001
11.6)
35-64 | Food 1.1 0.7 2.3 115.0 2.1 8.5 (1.6- 0.017
16.0)
35-64 | Medication | 3.5 | 11.5| 21.8 527.4 6.3 6.2 (3.9- <0.001
8.6)
35-64 | Unspecified| 11.7 | 37.5 | 56.5  381.8 4.8 9.5 (8.1- | <0.001
11.0)
>65 Food 1.7 1.5 3.0 79.8 1.8 7.2 (-5.4- 0.288
22.4)
>65 Medication | 2.5 | 13.4 | 15.7 520.6 6.2 4.7 (1.0- 0.014
8.7)
>65 Unspecified | 10.9 | 245 | 39.3 | 258.8 3.6 9.8 (6.6- | <0.001
13.1)

Table 2. (Continued) Anaphylaxis event rates, with percentage and fold change, 2002-2013 HMDC: Hospital Morbidity Data Collection.EDDC:
Emergency Department Data Collection. a. Event rates exclude transfers and thus represent separate anaphylaxis events. Individuals may have more than one
event within and/or across time periods.
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The proportion of individuals for whom an
anaphylaxis event was recorded in both Ambu-
lance and EDDC was determined as the count of
anaphylaxis events in each dataset by year and the
proportion occurring in both datasets (repre-
sented as a percentage).

To investigate the significance of the change in
anaphylaxis rates over time, a standard Poisson
regression model was fitted to the counts of
anaphylaxis events, with year modelled as a
continuous covariate, and the log of rescaled
population denominator (so that rates are esti-
mated per 10° population) modelled as an offset
term. The average percent change was calculated
from the beta coefficient for year from the fitted
Poisson regression model. All statistical analyses
were performed using R (version 3.5.1 for
Windows)."®

RESULTS

We identified 16,269 individuals in the WAAC,
representing 187,351 anaphylaxis and other health
events in any of HMDC, EDDC, Ambulance or
Deaths datasets for 1980-2014. Of these, we
examined a subset of 12,637 individuals (15,462
anaphylaxis events), for the period 2002-2013
(Fig. 1). The mean (SD) anaphylaxis age was

relatively stable across the time period at 31.8
(21.6) years, with the minimum age being zero
years, and the maximum being 100 years. On
average, males and females were evenly
distributed across the time period (females,
7642/15,462; 49.6%). Most anaphylaxis events
were identified in the emergency (EDDC) dataset
(11,290/15,462; 73.0% of events) and/or from
hospital admissions (HMDC; 7559/15,462; 48.9%
of events). In one-fifth of events, patients were
attended by ambulance (3045/15,462; 19.7%). A
total 25 deaths were recorded due to anaphylaxis
(25/15,462; 0.2% of events). The majority of
anaphylaxis events were coded as unspecified
anaphylaxis (11,756/15,462; 76.0%), and repre-
sented people living in areas of greater socioeco-
nomic advantage (quintile 5, 8020/13,475 with
recorded SEIFA; 59.5%). Almost all events were in
non-Indigenous patients (14,958/15,462; 97.5%),
(Table 1; and detailed data by year in “Table X1" in
the Supplemental Material).

Annual anaphylaxis event rates

Total (all cause, all ages and genders) anaphy-
laxis rates increased from 15.4 to 82.5/10° popu-
lation between 2002 and 2013. Over the same
period, food-related anaphylaxis increased from
1.7 to 3.2/10°, medication-related anaphylaxis

70
1

50
Il

40
1
Y

Events per 100,000 persons
30
1
\

10

_____ Cause

4 —— food
e medication
. - - - unspecified

T T T T T T
2002 2003 2004 2005 2006 2007

2008 2009 2010 2011 2012 2013

Year

T T T T T

Fig. 2 Annual rates of anaphylaxis events in Western Australia, by different causes, Food: solid black line, Medication: grey line,

Unspecified: dashed line
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Number of
anaphylaxis events
per 100,000 ChEEE
persons by year

% fold- | Average annual p-
change | change % increase 95% | value
AN 20 AT 2002- | 2002- | across all years Cl | for the

2013 2013 2002-2013 change
Dataset Cause
HMDC All 11.3 |24.74|43.16| 281.9 3.8 11.8 (11.0- | <0.001
12.6)
Food 2.64 | 793 116.13 511 6.1 16.3 (14.9- | <0.001
17.8)
Medication | 2.96 | 5.32 | 10.55| 256.4 3.6 10.2 (8.7- | <0.001
11.8)
Unspecified | 5.44 | 11.21| 16.21 198 3 9.5 (8.3- | <0.001
10.7)
EDDC All 482 |4454| 56 | 1061.8 11.6 9.0 (8.4- | <0.001
9.6)
Food 0 0 0.52 | Not Not 167.4 (70.0- | <0.001
defined | defined 423.3)
Medication | 0.05 | 5.7 | 5.17 | 10240 | 103.4 3.0 (1.5- | <0.001
4.6)
Unspecified| 4.61 | 38.7 | 50.22| 989.4 10.9 9.9 (9.3- [ <0.001
10.6)
Ambulance | Unspecified| 3.37 | 7.83 | 21.62| 5415 6.4 16.4 (15.1- | <0.001
17.7)
Death All 0.05| 0.28 | 0.04 -20 0.8 3.2 (-7.9- 0.594
16.0)
Food 0 0 0 | Not 1 61.0 (-6.0- 0.206
defined 387.7)
Medication 0 0 0 Not 1 43.4 (-25.4-| 0.411
defined 502.2)
Unspecified| 0.05 | 0.28 | 0.04 | -20 0.8 -0.5 (-11.9-1 0.931
12.4)

Table 3. Anaphylaxis event rates, with percentage and fold change 2002-2013, by dataset HMDC: Hospital Morbidity Data Collection.EDDC:
Emergency Department Data Collection. a. Event rates are dataset specific and thus the same anaphylaxis event may be represented across more than one
dataset in a given period. Individuals may have more than one event within and/or across time periods

from 2.5 to 11.4/10°, and unspecified anaphylaxis  Impact of age, gender, cause, and dataset on
from 11.1to 67.9/10° (Table 2, Fig. 2; and detailed  anaphylaxis event rates
data by year in “Table X2" in the Supplemental

. Anaphylaxis event rates increased significantl
Material). Phy 9 y

in males from 16.9 to 79.8/10°, and in females
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Fig. 3 Patients with an event recorded in both the Ambulance and
Emergency Department linked datasets, by year

from 14.4 to 84.6/10° population, between 2002
and 2013, both p < 0.001; Table 2. Unspecified
anaphylaxis accounted for the greatest increase
in both genders, with the highest rates observed
in 2013, in males 0-4 years (171.9/10%), and in
females 15-19 years (104.0/10°). For food-related

Ambulance and EDDC (n)

Ambulance only (n)
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anaphylaxis, both males and females 0-4 years
showed the highest rates (8.1 and 11.0/10°
respectively), while medication-related anaphylaxis
was highest in males>65 years (15.8/10°) and fe-
males 35-64 years (21 .8/10°), all in 2013 (Table 2).

A significant increase in anaphylaxis rates 2002-
2013 (all cause, all ages and genders), was
observed in Ambulance, EDDC and HMDC data-
sets (all p < 0.001), but not in the Deaths dataset;
Table 3. The highest rates as seen in 2013, in the
EDDC were 56.0/10°> population, followed by
HMDC (43.2/10°) and Ambulance datasets (21.6/
10°). The proportion of individuals for whom an
anaphylaxis event was recorded in both
Ambulance and EDDC datasets was high
between 2002 and 2009 (73.9-84.3%), but
decreased in 2010 (58.5%), and remained stable
to 2013 (54.4%) (Table 4 and Figs. 3 and 4). Only
25 anaphylaxis-related deaths were recorded in
Deaths for the entire WAAC (1980-2014; all during
2002-2013). Between 2002 and 2013, 2 deaths
were attributed to food, 1 to medication, and 22
were coded as unspecified anaphylaxis (Tables 1
and 3; detailed data by year in “Table X1” and
“Table X3" in the Supplemental Material).

2002 19
2003 85
2004 97
2005 129
2006 135
2007 137
2008 127
2009 188
2010 192
2011 234
2012 241
2013 282

Proportion in both datasets (%)

64 29.7
115 73.9
132 73.5
153 84.3
157 86.0
159 86.2
147 86.4
223 84.3
328 58.5
437 53.6
479 50.3
518 54.4

Table 4. Proportion of individuals recorded in Ambulance and EDDC datasets for the same anaphylaxis event. EDDC: Emergency Department

Data Collection



12 Salter et al. World Allergy Organization Journal (2020) 13:100480

http://doi.org/10.1016/j.waojou.2020.100480

400
1

Number of individuals with anaphylaxis
200
1

300
1

Number of individuals with anaphylaxis
100
1

Number of individuals with anaphylaxis
200 400 600 800 1000
1

a) Individuals in both ambulance and EDDC data
T T T T T T
2002 2004 2006 2008 2010 2012
Year
b) Individuals in ambulance data
T T T T T T
2002 2004 2006 2008 2010 2012
Year
c) Individuals in EDDC data
T T T T T T
2002 2004 2006 2008 2010 2012
Year

Fig. 4 Numbers of individuals with anaphylaxis in Western Australia, by dataset, EDDC: Emergency Department Data Collection

Change in anaphylaxis event rates

Total anaphylaxis events (all ages and genders)
to food increased 1.9-fold, with a 4.5-fold increase
in medication-related anaphylaxis and a 6.1-fold
increase attributed to unspecified causes; all
2002-2013 (Table 2). The average annual percent
increase (95% Cl) for food-related anaphylaxis was
9.2% (6.6-12.0); for medication-related anaphylaxis
was 5.8% (4.5-7.1); and for unspecified anaphylaxis
was 10.4% (9.8-11.0); all p < 0.001.

Table 2 shows that for males alone, all age, all
cause anaphylaxis increased 4.7-fold during
2002-2013 (average annual increase 9.4% [8.7-
10.2]), with a 5.9-fold increase for females over the
same time (average annual increase 9.6% [8.9-
10.3]). The greatest change in anaphylaxis event
rates 2002-2013 was seen in females 0-4 years, for
unspecified anaphylaxis (25.9 fold increase,
average annual increase 12.4% [9.6-15.4]), fol-
lowed by females 25-34, also for unspecified
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anaphylaxis (12.3 fold increase, average annual
increase 9.6% [7.6-11.6]), and males 15-19 years,
again for unspecified anaphylaxis (12.1 fold in-
crease, average annual increase 11.4% [8.4-14.5]).

DISCUSSION

The Epidemiology of Anaphylaxis in Western
Australia (EPAWA) study is the first study world-
wide to combine population-level ambulance,
emergency department, hospital inpatient admis-
sions, and mortality data to identify an anaphylaxis
cohort to facilitate a comprehensive description of
the epidemiology of anaphylaxis at the population
level.

The 2002-2013 WAAC subset reported in this
phase of EPAWA represents 12,637 individuals
who experienced 15,462 anaphylaxis events
across the 4 datasets. Anaphylaxis occurred across
all ages (0-100 years, mean 31.8 years), predomi-
nately in non-Indigenous and in people living in
areas of greater socioeconomic advantage, with a
high proportion of events (73%) treated in an
emergency department. Almost half of the
anaphylaxis patients in the WAAC were identified
in the inpatient admissions (HMDC) dataset. This
proportion is different to other population-based
studies, which show 5-20% of anaphylaxis pa-
tients are admitted.?>*'®?7 The HMDC dataset
includes patients admitted to metropolitan
hospitals as inpatients; to emergency department
observation units; and to hospitals where there is
no emergency department, such as those outside
the major metropolitan areas in Western
Australia. The observed difference may reflect the
unique remoteness of many parts of Western
Australia, where there is a lack of access to
urgent care, and thus a preference for
observation rather than discharge after treatment
of an anaphylaxis event. It may also reflect
anaphylaxis events arising during admission for
other causes, or a propensity in Western Australia
to admit a high proportion of cases. Moreover,
this raises questions as to whether we have
indeed captured all anaphylaxis events in
patients who are not admitted, as a greater
number of events not admitted to hospital would
result in a lower proportion of admissions.

Anaphylaxis events increased markedly over the
study period: females had more anaphylaxis
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events and a higher increase in rates overall than
males, although the broad distribution of events
varied by age and gender. Indeed, males experi-
enced more anaphylaxis across the youngest age
groups, whereas females experienced more
anaphylaxis in teen and adult age groups. While
the gender distribution is similar to past
research,**"® our rates and change in rates are
considerably higher across all ages and genders
than previously reported anaphylaxis estimates
both in Australia (events of 17.7/10° population,
2011-2012%) and beyond (incidence of 7-42/1 0°
person-years>?17-19),

Given past estimates are based on admissions
data, emergency department data and mostly
single population datasets, we expect our rates to
be higher as more cases are likely to be identified
from the different sources. Yet, considering our
admissions data alone, Western Australian
anaphylaxis hospital admission rates of 43.2/10°
population are more than double previously re-
ported Australian anaphylaxis hospital admission
rates, for the same time period.® This raises
questions about coding, identification and
reporting of anaphylaxis, and whether there is a
genuinely higher rate of anaphylaxis events in
Western Australia compared to the rest of the
nation. There may be differences in health
seeking behaviour in Western Australia that are
unique to this state or a greater propensity by
clinical coders to code anaphylaxis based on
symptoms. Regardless, our results are more
consistent with other linked data studies, where
incidence rates of 21-49.8/10° person-years were
reported.?®?? These rates represent only new
cases, and although our event rates represent all
anaphylaxis encounters (and include recurrent
events), our 12,637 individuals experiencing
15,462 events suggests that for the vast majority,
their anaphylaxis is a one-off event.

Impact of anaphylaxis cause

In addition to all ambulance events, unspecified
anaphylaxis represented almost 100% of events in
emergency and deaths data, and 50% of all events
in admissions data, far greater than that observed
in past population-based research of emergency
(40-57%),°18 inpatient admissions (33-38%)%18
and general practice (37%)*® datasets. This
highlights a key issue in coding and may
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represent issues with identification of anaphylaxis
cause at the time of interaction with the hospital
system in Western Australia.

Medication-related anaphylaxis increased 4.5-
fold in our study, with total and hospital admis-
sion rates substantially higher than past Australian
admissions data estimates (11.4 and 10.5 versus
4.3/10° population respectively).® It is expected
that admissions rates (and indeed previous
estimates) include events arising during non-
anaphylaxis admissions (where medications are
administered as part of that admission, eg,
anaesthetic agents, intravenous antibiotics). How-
ever, the reasons for our observed 103-fold in-
crease in emergency department presentations
and much higher rates for admissions for
medication-related anaphylaxis are uncertain. They
may represent a true increase in medication al-
lergy, increased community exposure in previously
sensitised patients through greater access to over-
the-counter medications such as non-steroidal
anti-inflammatory agents, or altered recognition
and coding. Despite these differences, the highest
rates of anaphylaxis in this study were seen in older
adults, consistent with other research.®

Food-related anaphylaxis event rates were in
general substantially lower in our study (3.2/10°
population in 2013) compared to other studies,
including those where only 1 dataset was exam-
ined (range 8-9/10° population),®>® and where
only paediatric cases were considered (range
2.4-140/10° population).?427  Although food-
related anaphylaxis event rates in the youngest
population (0-4 years) appear to have stabilised
(with low or negative percentage change from
2002 to 2013), this is likely an artefact of extremely
high rates of unspecified anaphylaxis in this age
group (up to 171.9/10° population), especially
given food allergy in Australia affects more than
10% of infants and 4% of children,?®2? and
considering our annual percent growth of 11-
13% in  medication-related anaphylaxis in
younger males.

The use of population level data in anaphylaxis
epidemiology research has well recognised limi-
tations in eliciting cause types.*%3" For example,
our proportion of unspecified anaphylaxis was
noticeably higher than that identified by alternate
approaches, including case reviews from

established datasets (such as emergency
department records in a single hospital), where
food is repeatedly identified as the most
common causative agent  (65-96%  of
cases).?®?732 Sych an approach allows a more
granular examination of causes and provides
richer detail than population level data can
provide, but may be less generalisable and at the
expense of breadth of population level
epidemiology estimates. A compromise between
these population dataset and case review
approaches, such as that using purpose-built,
registry-collected  data®*333%  offers greater
detail at a population level, but these systems are
expensive, resource-intensive and require politi-
cal will to be implemented and sustained.

Mandatory reporting of anaphylaxis patients
presenting to hospital for treatment commenced
in the Australian state of Victoria in 2018, primarily
as a notification system for public health action in
the event of undeclared food allergens.®® Between
November 2018 and May 2019 (26 weeks), 1200
notifications were received in this system, of
which “unknown cause” of anaphylaxis accounted
for 11%.%¢ By comparison, in 2013 (52 weeks),
1396 anaphylaxis events were identified in
Western Australian emergency departments (in
our study), and almost 100% of these were
coded as unspecified anaphylaxis. Innately, the
very process of making a mandatory report
facilitates  deeper  consideration of  the
anaphylaxis cause, but this does not mean we
should discount cases coded as unspecified:
anaphylaxis is a clinical diagnosis based on
circumstances of the reaction and reported
symptoms, regardless of coding. It is difficult to
find balance between the risks of misclassification
(and missed classification) under the ICD coding
system and case definition constraints in registries.

Impact of dataset source

Beyond the contribution to more complete
anaphylaxis event rates, the different datasets offer
insight into the health seeking behaviour of pa-
tients experiencing anaphylaxis events. The high-
est interactions were seen in emergency and
admissions datasets, with a remarkable 11.6-fold
increase in emergency presentations (to 56.0/10°
population in 2013), substantially higher than
previous estimates over a similar time period
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(ranging from 17.2 to 32/10° population with fold
increases less than 2%2%37)  Patients are
encouraged to attend an emergency room for
every anaphylaxis event, including after
epinephrine  administration and ambulance
attendance, in case of protracted or biphasic
anaphylaxis.*®3? Improved education and use of
Anaphylaxis Action Plans may have contributed
to this finding.*® Furthermore, ambulance
attendance increased more than 6-fold (to 21.6/
10° population) over the study period, however, up
to 45% of individuals experiencing anaphylaxis
were not recorded with an anaphylaxis code in
both ambulance and emergency datasets. This
suggests patients may not have been transported
to the emergency room after ambulance atten-
dance, or if they were transported, they were
subsequently coded with a non-anaphylaxis code
in EDDC. Aside from data recording and/or cod-
ing issues, it is difficult without case-review to tease
out whether this is a real effect, and if so, the po-
tential reasons for this divergence from recom-
mendations. Considering anaphylaxis cause was
not identified in the ambulance dataset, up to half
of the patients in our study may have had no
further interaction with the health system, and may
be unaware of their eliciting cause with no follow
up to inform them. Closer investigation of ambu-
lance transfers to hospital or otherwise is needed.

Despite high and increasing anaphylaxis pre-
sentations to emergency, admissions and ambu-
lance datasets, only 25 anaphylaxis-coded deaths
were identified during our study. Coding of the
anaphylaxis cause was poor, with only 3 deaths
specifically coded: food (2) or medication (1).
Relying on ICD-10 coding has been shown to un-
derestimate anaphylaxis deaths.*” While our rates
are similar to those reported for similar time
periods in the United States (0.063-0.076/10°
population®?),  United  Kingdom  (0.047/10°
population?) and Australia (0.099/10°
population??®), the variability in our data and lack
of specified cause highlights the need for the
changes in coding that ICD-11 will bring.**

Strengths and limitations

The EPAWA study linked administrative datasets
for ambulance, emergency, hospital admissions
and death registrations in order to provide the
most comprehensive epidemiological capture of
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anaphylaxis cases to date. However, the absence
of a dedicated general practice or other commu-
nity database for linkage means our results do not
include events managed solely in the primary care
or community setting, or those for whom patients
do not seek care, and may still underestimate the
epidemiology of anaphylaxis in Western Australia.

A key advantage of linked health data is the
ability to identify events in the same individual
across different datasets and timeframes, to
determine event rates, incidence, and recur-
rence.*® Anaphylaxis is an acute manifestation of a
long-term condition with reactions interspaced by
long event-free periods. Event rates are therefore
important at the health system level to plan and
provide services for the number of cases that are
expected, regardless of whether they are repeat
cases or not. Repeat cases are important from a
systems perspective as they add to the total
burden of anaphylaxis on the health system. This
phase of the EPAWA study reports event rates
without duplication across datasets and therefore
provides a perspective of the overall burden of
anaphylaxis in the Western Australian health sys-
tem. However, incidence rates are important to
distinguish the number of new cases from recur-
rent cases, and provide insight into how we should
manage patients at the individual level. The next
phase of the EPAWA study will determine inci-
dence and recurrence rates for individuals newly
diagnosed with anaphylaxis, based on a 25-year
look back period.

The reliance on ICD codes to identify anaphy-
laxis events is a well-known limitation,3%31
although a necessary feature of research with
large datasets. Compared to past research,
higher rates of unspecified anaphylaxis were
seen across all datasets in our study. We did not
verify coding in any datasets, therefore it is not
clear if the rates observed could have been
coded with an alternate (anaphylaxis or non-
anaphylaxis) code. Furthermore, it was not
possible to distinguish a cause in the Ambulance
dataset as this does not utilise the ICD system. The
inclusion of ambulance cases (where a defined
cause could not be identified from other linked
datasets) along with ICD-coded unspecified
anaphylaxis will have increased the overall rates of
unspecified anaphylaxis. However this highlights
the issues paramedics and doctors face around
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time, skills and testing capacity to necessarily
identify a cause and reinforces the need for pa-
tients to be referred automatically to allergy
specialist services after each event for evaluation
and advice.

Finally, these findings relate to the period 2002-
2013 and although they shed new light, it is rec-
ognised that anaphylaxis epidemiology may have
changed since that time. The population datasets
included in this study extend beyond 2013. How-
ever at the time of this research the common time
period for which all datasets were linked was
2002-2013, so analyses were limited to this time
period.

CONCLUSIONS

Through the first phase of the EPAWA study we
identified significantly higher rates of total
anaphylaxis than previously reported, with
extreme increases in anaphylaxis events between
2002 and 2013. While the combination of 4
population-level datasets provides a more
comprehensive capture of cases, even at the in-
dividual dataset level, rates of anaphylaxis in
Western Australia are substantially higher than
those previously reported for similar time periods,
both in Australia and worldwide. Population-
based anaphylaxis research holds much promise.
However to provide useful insight to healthcare
planning, it is crucial that we better identify the
drivers of anaphylaxis in administrative datasets,
clarify the discrepancies between Western
Australian and Australian anaphylaxis event rates,
and consider avenues to incorporate anaphylaxis
cases from the community into present epidemi-
ological estimates.
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