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Aim: Globally, rates of paediatric food-induced anaphylaxis (FIA) are increasing. Little data is available regarding the epidemiology of FIA among
New Zealand (NZ) children. This study investigated the incidence of paediatric (0-14 years) FIA hospital presentations in NZ over a 10-year
period.

Methods: Ministry of Health public hospital discharge data from 2006 to 2015 were analysed using FIA-related International Classification of Dis-
eases codes (T78.0 — anaphylactic shock due to adverse food reaction and T78.2 — anaphylactic shock unspecified and free text qualifier) to iden-
tify acute hospital presentations.

Results: The overall annualised FIA hospital presentation rate was 16.2 per 100 000 children. Subgroup analysis indicated a significantly higher
rate in males (19.1/100 000) than in females (13.1/100 000), and among children aged less than 2 years of age (50.5/100 000) compared with
older children. Rates among Asian and Pacific children were higher than Maori and NZ European children. In 67.7% of cases, a single specific aller-
gen was suggested by the information provided; among these cases, nuts (48%), specifically peanuts (26%), were the most commonly reported
allergen, followed by cow’s milk (21%). Time trend analysis showed a 2.8-fold increase in the overall annualised rate for the 10-year period.
Conclusion: These findings are consistent with other international studies indicating increasing rates of FIA in children. These data will provide
information for a review of NZ paediatric allergy services to ensure current international standards with regard to the equitable delivery of timely,
appropriate and accessible care are being met. Reasons for differences by gender, age and ethnicity require further investigation.
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What is already known on this topic What this paper adds

1 Food is the major trigger of anaphylaxis in children. 1 FIA admission rates in NZ among children were significantly

2 Globally, rates of paediatric food-induced anaphylaxis (FIA) are higher in males and among children aged less than 2 years
increasing. of age.

3 Little data is available regarding the epidemiology of FIA among 2 FIA admission rates in NZ among children were higher among

New Zealand (NZ) children. Asian and Pacific children than Maori and NZ European children.
3 Time trend analysis showed a 2.8-fold increase in the overall
annualised rate of admissions for FIA among children (1-14

years) in NZ for the 10-year period reviewed.

An increasing prevalence of food allergy among children has
been identified in many countries."™ Studies using food chal-
lenges and standardised methodology are providing new insights
into food allergy rates across different geographic areas.> Egg and
milk are the most commonly reported food allergens in infants
and young children,' with many but not all cases resolving over
time.> In older children and adults, fish and shellfish, and
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peanuts and tree nuts are major allergens in much of the devel-
oped world. Childhood food allergy often persists into adult life
and is associated with severe, potentially fatal, reactions. Both
ethnicity and environment appear relevant to the variations in
the responsible food allergens in different geographic regions,
with interactions between these of potential importance.>>~’
Anaphylaxis, a rapid onset severe allergic reaction, is the most
severe manifestation of food allergy.®>'° Food is the major trigger
of anaphylaxis in children.® The impacts of child food-induced
anaphylaxis (FIA) for children and their families are significant.
Affected children have a reduced quality of life often due to lim-
ited family outings, restrictions on eating outside the home,
reduced school attendance, anxiety and depression and poor per-
ceptions of general health.'’"* Parents and caregivers are
affected by holding the burden of responsibility, psychological
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distress, frustrations with a lack of public understanding, unclear
food labelling and the substantial associated costs.''™"?

International studies suggest rates of FIA in children are
increasing,”'*'” as evidenced by increasing prescribing of
allergy-related medicines, for example, infant hypoallergenic for-
mula, child epinephrine auto-injectors'®'® and FIA emergency
department (ED) visits and hospital admissions.®>!*2° US data
indicate rates of paediatric FIA-related ED visits in recent years
have increased up to twofold,®**' with similar patterns seen for
hospital admissions.®*?*> An Australian study reported rates of
FIA-related admissions among young children (0-4 years) rose
from 21.7 in 2005/2006 to 30.3 in 2011/2012 and among older
children (5-14 years) from 5.8 to 12.1 per 100 000.'* An analysis
of 20 years of UK FIA trends (1992-2012) found paediatric
admissions (0-14 years) rose by 137% (rate ratio 1.05; 95% con-
fidence interval (CI) 1.05-1.06; P < 0.001).>° Hospital admission
data for FIA from the Italian Ministry of Health for the 6 years
from 2006 to 2011 revealed an FIA admission rate of 4.4 per
100 000 children/year, with a north-south gradation apparent.>®
This geographical gradation has previously been reported in the
USA and Australia and has raised the question of the role of vita-
min D deficiency in food allergy.>**

Comparing rates of FIA between different populations can be
complex as a result of the heterogeneity of diagnostic criteria,
study designs and methodologies employed. In addition, details
of the responsible food are not always available or recorded in
cases of FIA.?’> Very little is known about the incidence of FIA
among New Zealand (NZ) children (<15 years of age).?® How-
ever, a recent study investigated the incidence of FIA in NZ
adults, resulting in presentation to a public hospital ED.*> This
study showed an increased rate over the 10-year period from 3.3
per 100 000 people in 2002 to 5.8 per 100 000 people in 2011
with the greatest increase in attendances seen in Pacific
peoples.?®

In the current study, we have examined the incidence of FIA
resulting in public hospital attendance/admission in children in
NZ, detailing patient characteristics, food allergens and time
trends with the aim of adding to the international body of evi-
dence providing insight into rates and causes of FIA.

Methods

Paediatric (1-14 years) acute public hospital FIA presentations
over a 10-year period (2006-2015 inclusive) to NZ Public hospi-
tals were reviewed. NZ has a population of 4 353 190, of which
20% are children (<15 years), around 52% of whom identify as
NZ European, Other or Middle Eastern/Latin American/African,
23% Maori (NZ's indigenous population), 9% Pacific peoples and
10% Asian.’

Routine coded discharge data were obtained from the Ministry
of Health’s National Minimum Dataset (NMDS). Cases were iden-
tified using the International Classification of Diseases tenth revi-
sion (ICD-10 AM) codes recorded in the first two diagnostic
fields. Previous NZ research using NMDS data found 99% of
adult FIA cases were located by identifying relevant FIA codes in
these diagnostic fields.”> Selected ICD codes were based on a
review of the published literature and advice from specialists in
the field, and included codes T78.0 (anaphylactic shock due to
adverse food reaction) and T78.2 (anaphylactic shock
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unspecified). Code T78.2 was included only if consumption of
food or specific food types were mentioned in the corresponding
text field. If the presentation category was non-acute and the
place was a health-care institution or an immunology service,
then the anaphylaxis was assumed to be the result of a food chal-
lenge and excluded. Only primary presentations were included in
the study.

Variables analysed included demographic information, and
ICD diagnostic codes with free text descriptions. Guided by the
free text descriptions, an allergen category was assigned: cow’s
milk; egg; fruit and vegetable; tree nut, peanut, nut-unspecified
(general ‘nut’ terminology used); fish, shellfish, seafood not fur-
ther specified; wheat/gluten; other food (specific allergen that did
not fit into another category); and ‘unknown/not reported’. In
cases where broad terms containing many potential allergens
(e.g. muffin) were used or where two or more specific allergens
were mentioned (e.g. chocolate Brazil nut), the allergen was clas-
sified as ‘unable to determine’. As specific information regarding
‘ED only’ stays were unavailable, we assumed a length of stay
<24 h related to an ED visit.

Analyses were conducted using Excel. NZ Census data (2013)
was used as the denominator to determine age-specific and
ethnic-specific rates per 100 000 children. Denominator data for
Pacific or Asian subgroups were not available. Differences in rates
and proportions were assessed using the z-score and the > test,
respectively. As the study used routinely collected anonymised
data, national Ethics Committee approval was not required.

Results

During the 10-year period reviewed, we identified 1441 FIA pae-
diatric (0-14 years) public hospital ED presentations, an average
annualised rate of 16.2 per 100 000 children (95% CI
15.4-17.0). Of these, 1381 (96%) were coded as FIA (T78.0),
and 60 (4%) as unspecified anaphylaxis (T78.2) with an accom-
panying food-induced text description (Table 1). The majority of
the T78.0 (‘anaphylactic shock due to adverse food reaction’;
97.2%) and T78.2 (‘anaphylactic shock unspecified’ + free text
qualifier; 98.3%) codes were located in the first of the two diag-
nostic fields of the NMDS record. The majority of children were
in hospital for less than 48 h (96.8%; n = 1395) (Table 1).

Significant differences in FIA rates by gender were observed
(Table 1). The rate of FIA among males was 1.5 times that of
female (19.1/100 000 children vs. 13.1/100 000 children). Males
were more likely to have FIA than females across all age groups;
however, in children aged 2-4 years, this difference was most
apparent (64.4% males and 35.6% females). This trend steadily
declined with increasing age.

Rates were highest among children aged less than 2 years of
age (50.5/100 000 children), almost six times the rate seen in
10-14-year-olds (8.6/100 000 children). The rate among pre-
school children (0-4 years) was 30.7/100 000 children. Rates
were highest among Asian children (29.7/100 000 children) and
Pacific children (27.8/100 000 children), and lowest among
Maori children (12.8/100 000 children).

In 80.7% of cases (n =1163), a food allergen was recorded;
however, in 187 of these (16.1%) the specific allergen was una-
ble to be determined (e.g. ‘cake’) (Fig. 1). Of the 976 cases in
which a single allergen was able to be determined, peanut was
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Table 1 Characteristics of child (<15 years) hospital presentations
with a discharge diagnosis of food-induced anaphylaxist (n = 1441),
New Zealand, 2006-2015

Characteristic n (%) Annualised rate per
100 000 (95% CI)+
Gender
Male 872 (60.5) 19.1 (17.9, 20.4)
Female 569 (39.5) 13.1 (12.1, 14.2)
Age group (years)
<2 575 (39.9) 50.5 (46.5, 54.7)
2-4 323 (22.4) 18.1 (16.2, 20.2)
5-9 297 (20.6) 10.4 (9.2, 11.6)
10-14 246 (17.1) 8.6 (7.6,9.7)
Ethnicity:
Maori 258 (17.9) 12.8 (11.3, 14.4)
Pacific people 213 (14.8) 27.8 (24.3, 31.8)
Asian 265 (18.4) 29.7 (26.4, 33.5)
New Zealand European 699 (48.8) 15.4 (14.3, 16.6)
and other
Codes
T78.0 1381 (96.0) Not calculated
T178.2 60 (4.0 Not calculated
Length of stay
<24 h 705 (48.9) Not calculated
1 day 690 (47.9) Not calculated
2 days 32 (2.2 Not calculated
>2 days 14 (1.0) Not calculated

tInternational Classification of Diseases (ICD) codes T78.0 and T78.2.
tEthnicity was not recorded in six cases. Cl, confidence interval.

the most common (n =252, 25.8%), followed by cow’s milk
(n =208, 21.3%). Wheat/gluten was the least common food
allergen recorded accounting for only 2.6% of cases (7 = 25). In
almost half of cases (7 = 468; 48%), nuts (peanut, tree nuts or
nuts unspecified) were recorded as the allergen.

Unknown or not
reported, 278, 19%

Other Food, 29, 2% Cow's milk, 208, 14%
Wheat/gluten, 25, 2%

Fruit & Vegetable, 54,
4%

Seafood (total), 59, 4%

Fig. 1 Food allergen categories for food-induced anaphylaxis cases in
children (<15 years), New Zealand, 2006-2015.
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Peanut was the most common food allergen for children aged
2-4 years (17.6%), 5-9 years (18.9%) and 10-14 years (22.8%),
while cow’s milk was the most prevalent in children aged less
than 2 years (19.5%) (Table 2). As age increased so did the fre-
quency of peanut and seafood being reported as the allergen
responsible for the FIA episodes resulting in presentation to hos-
pital, and the frequency of eggs and cow’s milk diminished. Pea-
nut was the most common food allergen recorded in Maori
(21.7%), Pacific people (18.9%), NZ European/Other (17.2%)
and children of ‘unknown’ ethnicity (33.3%) presentations,
while cow’s milk (19.3%) was the most predominant food aller-
gen in Asian children. Note that in Table 2, ‘nut’ related incorpo-
rates peanuts, tree nuts and nuts unspecified allergens. The mean
age of FIA presentations was similar among Asian, Maori and
Pacific children (3.4, 3.7 and 3.6 years, respectively), but higher
for NZ European/Other children (5.0 years) and children of
unknown ethnicity (11.3 years).

Over the 10-year period reviewed, annual rates of paediatric
FIA hospital presentations almost tripled (2.8 times) from 8.4 per
100 000 children in 2006 to 24.0 per 100 000 in 2015 (Fig. 2).
The greatest increase was seen among 0-4-year-olds, where the
rate increased 2.5 times (18.1 to 45.5/100 000 children) of the
period reviewed.

Stratifying the data by ethnicity revealed the largest rate
increase (among cases where ethnicity was recorded) was among
Asian children (from 10.1/100 000 in 2006 to 69.6 in 2015) and
lowest among Maori children (from 5.9/100 000 in 2006 to 17.3/
100 000 in 2015) (Fig. 3).

Discussion

This study has identified an overall annualised incidence rate of
FIA hospital presentations in NZ children of 16.2 per 100 000
children and also identified gender, age and ethnic disparities in
incidence rates. Males, younger children (<2 years) and Asian
and Pacific populations had higher rates of FIA than other sub-
groups. Nuts as a food group (includes peanuts, tree nuts and
unspecified nuts) were recorded in almost half (48%) of the cases
where a single allergen was able to be determined from the infor-
mation recorded. Peanut was the most common single allergen
(26%), followed by cow’s milk (21%). The frequency of certain
allergens differed by age and ethnicity, with cow’s milk the most
common for children aged less than 2 years (19.5%), and pea-
nuts most common (19.6%) for older children (2-14 years).

The incidence of paediatric FIA found in this study (16.2/
100 000 children) is consistent with international studies.”'*'¢
No previous NZ studies were found that had estimated FIA hospi-
tal presentation rates in children. The current study found a 2.8-
fold increase in incidence of hospital presentations for FIA in chil-
dren. That seen in the NZ adult population between 2002 and
2011 was somewhat lower, with a 1.8-fold increase.”” As in the
current study, rates were higher in the younger age groups.
These increases are consistent with increased underlying food
allergy as a cause, but contribution from increased reporting or
increased exposure to anaphylaxis triggers may contribute. The
highest rates were in children under 2 years of age (50.5/
100 000 children). International studies have also noted an
increase in FIA rates in children.”'*'”
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Table 2 Food allergen by age group and ethnicity for paediatric (<15 years) hospital presentations for food-induced anaphylaxis to New Zealand
hospitals, 2006-2015 (n = 1441)

Characteristics Food type
Eggs, Cow’s Seafood, Fruit and Nuts, Wheat/ Other Unable to Unknown/ Total,
n (%) milk, n (%) n (%)t vegetable, n (%)% Gluten, food, determine, Not n (%)
n (%) n (%) n (%) n (%) reported,
n (%)
Age group (years)
<2 99 (17.2) 112 (19.5) 10 (1.7) 19 (3.3) 130 (22.6) 12 (2.1) 9 (1.6) 71 (12.3) 113 (19.7) 575 (40.0)
2-4 23 (7.1) 1(12.7) 12 (3.7) 10 (3.1) 128 (39.8) 3(0.9) 13 (4.0) 5 (10.8) 58 (18.0) 323 (22.4)
5-9 7 (2.4) 6(12. 1) 15 (5.1) 8(2.7) 118 (39.7) 8(2.7) 5(1.7) 43 (14.5) 57(19.2) 297 (20.6)
10-14 4 (1.6) 9 (7.7 22 (8.9) 17 (6.9) 2 (37.4) 2(0.8) 2(0.8) 38 (15.4) 50 (20.3) 246 (17.1)
Ethnicity
Maori 9(11.2) 4 (9.3) 12 (4.7) 8 (3.1) 0 (34.9) 4(1.6) 0(0.0) 36 (14.0) 55 (21.3) 258 (17.9)
Pacific 5(7.1) 7 (17.5) 15 (7.1) 10 (4.7) 6 (26.4) 1 (0.5) 6(2.8) 29 (13.7) 44 (20.8) 213 (14.8)
Asian 3 (12.5) 1(19.3) 9.0 (3.4) 11 (4.2) 4 (28.0) 8 (3.0 5(1.9) 42 (15.9) 32 (12.1) 265 (18.4)
New Zealand 6 (8.0) 6 (13.7) 22.0 (3.1) 24 (3.4) (35.2) 12(1.7) 18 (2.6) 80 (11.4) 145 (20.7) 699 (48.6)
European
and other
Unknown 0 (0.0) 0 (0.0 1.0 (16.7) 1(16.7) 2 (33.3) 0 (0.0) 0 (0.0) 0 (0.0) 2(33.3) 6 (0.4)

tIncludes fish, shellfish and seafood unspecified. includes peanuts, tree nuts and nuts unspecified.

Mullins et al. reviewed 681 207 hospital admissions for allergic
conditions (anaphylaxis, asthma, uticaria, angioedema) from the
Australian National Hospital Morbidity Database for the period 2005/
2006 to 2011/2012, and found a 1.5-fold increase in hospital admis-
sion rates for FIA across all ages from 5.6/100 000 to 8.2/100 000
over the 7-year period."* The highest rates were in children aged 0—4
years (30.3 in 2011-2012),"* comparable with the rate for the same
age group found in the present study (30.7/100 000). Further sub-
group analysis revealed rates were highest in very young children
(0-2 years, 50.5/100 000). Poulos et al. in their review of Australian
hospital presentations over an 11-year period (1993/1994 to 2004/
2005) found the greatest increase in FIA admissions was observed
among 0—4-year-olds (5.5-fold increase).'® Mullins examined 1489
children aged 0-5 years referred to a community-based specialist
allergy practise in the Australian Capital Territory between 1995 and

RATE PER 100,000 CHILDREN

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
YEAR

Fig. 2 Trends in child (<15 years) hospital presentations for food-
induced anaphylaxis (rate per 100 000 children), New Zealand,
2006-2015. (——), Total; ( ), 0-4 years; | ), 5-9 years; (- ),
10-14 years.

2006, and found the prevalence of FIA increased from 9 to 15.4%
over the 12-year period.'® The NZ paediatric rates overall in this study
appear comparable with those identified in Australia in recent years.
In the present study, there were significantly higher rates in
males (19.1/100 000 vs. 13.1/100 000 in females) as identified in
previous studies.'® Asian (29.7/100 000) and Pacific (27.8/
100 000) children had the highest rates of FIA in the present
study, while Maori children had the lowest rates (12.8/100 000
children). We were unable to calculate ethnic-specific rates for
Asian subgroups due to a lack of available denominator data. Of
note, the composition of the Asian group was 43% ‘Chinese’,
29% ‘Southeast Asian’, 21.5% ‘Indian’, 20% ‘Other Asian’ and
4.5% were classified as ‘Asian not further defined’. This study
has used 2013 census denominator data to calculate presentation
rates; changes in patterns of immigration may in part explain the
higher rates among Asian children if the Asian population
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Fig. 3 Trends in child (<15 years) hospital presentations for food-
induced anaphylaxis by ethnicity (rate per 100 000 people),
New Zealand, 2006-2015. (—e=), Maori; ( ), Pacific people; ( ),
Asian; (=«=), New Zealand European and other; ( ), unknown.
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numbers have increased significantly since the last census.
Between the two most recent census periods (2006 and 2013),
the Asian population had the greatest increase out of the four
main population groups (Maori Pacific, Middle Eastern/Latin
American/African), increasing by 2.6% it is likely that this trajec-
tory has continued.?®

An analysis of a cohort of nearly 60 000 school entrants in
Australia found a significantly higher rate of parentally reported
nut allergy in children born in Australia to Asian-born mothers
(adjusted odds ratio 2.67; 95% CI 2.28-3.27) than non-Asian
children, although children born in Asia who subsequently
migrated were not at elevated risk (indeed there appeared to be a
protective effect).?? We do not have data regarding place of birth
for our study population, but many of the Asian and Pacific chil-
dren included are likely to be NZ born. The causes for increased
allergy rates in children of immigrants are uncertain. Both vita-
min D deficiency and alteration of microbiota have been sug-
gested as potentially influential.

A previous NZ study in adults, which used similar methodol-
ogy to the present study, reported the greatest increase in adult
FIA hospital presentations during 2002-2011 was among Pacific
people (6.0 to 20.6 per 100 000 people).>> Maori (1.4 to 5.7 per
100 000 people), Asians (4.1 to 5.5 per 100 000 people) and peo-
ple of NZ European and ‘Other’ ethnicities (3.5 to 5.2 per
100 000 people) had more modest increases over the 10-year
period reviewed.

In 81% of cases in the present study, the allergen (or suspected
allergen) was reported; however, we were only able to determine
a single specific allergen in 68% of cases. The predominance of
nuts as the most common allergen in this study is consistent with
international studies that have identified peanuts and tree nuts as
the leading cause of FIA among children® and indeed across all
ages.” In the previous NZ adult study, a single specific allergen able
to be determined in only 21% of cases, with seafood the most
common allergen (31%), closely followed by nuts (30%).>*

The strengths of this study include the use of routinely col-
lected population-based data, and the use of internationally
recognised diagnostic codes to identify cases. Potential limitations
include the possibility of misdiagnosis resulting from miscoding
or a lack of sufficient information. There have been no evident
changes to diagnostic criteria or hospital practice that may have
altered incidence rates over time. However, a recent NZ study
suggested that 29% of the 221 presentations to a large public
hospital (1988-2011 data) assigned a code of ‘anaphylaxis,
unspecified’ or ‘allergy, unspecified’” were food-related.>® It is
unclear how many of these cases would not have been identified
by incorporating our use of the text field inclusion of food, but
the number overall seems likely to be relatively small.

The NMDS data used for this study do not include children
whose FIA was managed in other primary care settings and there-
fore may underestimate overall rates. Identification of the responsi-
ble food allergens was not confirmed by individual case follow-up
and misattributions may have occurred. Furthermore, in 32.3% of
cases the allergen was not identifiable or not reported.

Conclusion

This research provides insight into the increasing incidence rate
of FIA in NZ children, broadly similar to that seen in other
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developed countries. Reasons for the differential rates seen in
Asian and Pacific children require further investigation, but may
include genetic and environmental factors.
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