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Children with systemic autoinflammatory diseases have
multiple, mixed ethnicities that reflect regional ethnic diversity
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ABSTRACT

Objective. To evaluate the ethnic di-
versity of children with a systemic auto-
inflammatory disease (SAID) in a multi-
ethnic Canadian province.

Methods. Self-reported ethnicity of 149
children and adolescents with a SAID
in British Columbia, Canada, was ana-
lysed for ethnic representation among
individual patients, across the cohort,
within particular SAIDs, and compared
to provincial census data on ethnic
diversity.

Results. Half of reported cases had a
diagnosis of either PFAPA (23.5%) or
an unclassifiable autoinflammatory syn-
drome (31.5%), with a monogenic SAID
diagnosed in only 12.8% of cases. The
majority of participants (73.1%) were
mixed ethnicity with European and
Asian heritage reported most frequently
(57.0% and 23.0% of all responses, re-
spectively). Ethnic diversity reflected re-
gional diversity except for West Asian,
Arabic, Jewish, and Eastern European
heritage, which were over-represented
in SAID patients, and Chinese descent,
which was under-represented in our
cohort compared to the general popula-
tion of British Columbia.

Conclusion. Results from this study
show extensive multi-ethnic diversity
in individual patients and across the
various SAIDs inclusive of monogenic
SAIDs that are frequently associated
with particular ethnicities. Although
not disproportionately represented, this
is the first report of systemic autoin-
flammatory disease in Canadian chil-
dren of Indigenous heritage.

Introduction

Systemic autoinflammatory diseases
(SAIDs) encompass a broad range of
inflammatory conditions caused by

dysregulation of the innate immune
system (1). There are a number of mo-
nogenic SAIDs linked to pathogenic
variants in genes involved in the regu-
lation of innate immunity and inflam-
mation; however a significant number
of patients with SAIDs have no identi-
fiable monogenic cause, or are found to
have heterozygous gene mutations of
uncertain significance. Several of the
monogenic SAIDs have distinct eth-
nic patterns of occurrence. One of the
most well-described of these is famil-
ial Mediterranean fever (FMF), which
is most frequent in individuals from
the Mediterranean region, including
Armenian, Turkish, Arab, and Israeli
populations (2-4). There are, however,
patients of European and Asian ethnic-
ity with FMF (4-8). Similarly, Behget’s
disease is more common in individuals
with Turkish, Iranian, Israeli, and Japa-
nese ethnicity, but is also reported in
Caucasian individuals (9, 10).

The largest published cohorts of chil-
dren with SAIDs come from the Eu-
roFever Registry (11,12), a multi-na-
tional clinical registry hosted by the
Pediatric Rheumatology International
Trials Organisation (PRINTO; www.
printo.it) and the Pediatric Rheumatol-
ogy European Society (PRES) since
2009. Although the patients enrolled in
the EuroFever registry reside in many
different countries, the majority are
from Western Europe (11). Thus, it is
possible that represented ethnicities in
the EuroFever cohort are more homo-
geneous than those present, for exam-
ple, in Canada and in the USA. Studies
of cultural diversity and economic de-
velopment provide evidence that North
American countries, and in particular
Canada, are far more culturally diverse
(based on ethnicity, language and reli-
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gion) than countries in Europe (13, 14).
There are only a few studies address-
ing the prevalence of SAIDs in multi-
ethnic communities and countries, and
there are no reports of ethnicity of chil-
dren with SAIDs in Canada. The objec-
tive of this study was to examine the
ethnic background of a cohort of Ca-
nadian children with SAIDs and living
in the multi-ethnic province of British
Columbia.

Patients and methods

Ethics

This study complies with the Declara-
tion of Helsinki and was approved by
the University of British Columbia and
the Children’s and Women’s Health
Centre of British Columbia Research
Ethics Board (H14-00272). Informed
written consent was obtained from par-
ents/guardians and, where appropriate,
assent/consent from patients.

Study population

The study population included 149
children and adolescents in British Co-
Iumbia (BC) that received clinical care
for a systemic autoinflammatory dis-
ease (SAID) at the BC Children’s Hos-
pital (BCCH) paediatric rheumatology
clinics. A diagnosis of a SAID was
made by a paediatric rheumatologist
based on clinical criteria, and molecu-
lar genetic testing where appropriate
and possible. Genetic testing for FMF,
TRAPS, and HIDS (MEFV, TNFRS-
FI1A and MVK genes, respectively) was
done by Sanger sequencing in the Divi-
sion of Genome Diagnostics at BCCH.

Ethnicity of participants in the

BCCH SAID registry

Eligible patients were enrolled be-
tween January 2016 and December
2019 and clinical information was en-
tered into a BCCH SAID registry (15).
Parents/guardians were asked to report
the ethnicity of an affected child’s four
biologic grandparents, i.e. maternal
grandmother and grandfather; pater-
nal grandmother and grandfather. Eth-
nic groups (Supplementary Table S1)
were derived from a Statistics Canada
listing of ethnicity and modified to in-
clude Hutterite, Mennonite, Amish,
Jewish, and 29 of BC’s First Nations.
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Multiple ethnicities could be selected
for each grandparent including ‘other’
and ‘unknown’. Participants (n=2)
with ethnicity data from less than two
grandparents were excluded. From the
remaining 149 participants, >700 ex-
pressions of ethnicity were recorded.
To determine the relative contribution
of each expressed ethnicity to individ-
ual patients, listed ethnicities for each
grandparent were calculated as a frac-
tion of their maximum (25%) contribu-
tion to the affected grandchild’s overall
ethnic composition. Ethnic representa-
tion was calculated from the sum of the
individual fractions for each ethnicity
and expressed as a percentage of the to-
tal sum of all ethnicities (Table I).

British Columbia census data
Statistics Canada census data on ethnic-
ity in British Columbia and, specifical-
ly, the Greater Vancouver Area (GVA)
was obtained from the 2016 Census of
Population data on ethnic origin (16).
To enable comparisons, BCCH SAID
registry data was organised to mirror
the census data: ‘other’ and ‘unknown’
responses were omitted and the re-
maining responses were categorised as
a ‘single’ or ‘multiple’ response. For
each ethnicity, a single response is re-
corded when only one ethnicity is re-
ported (i.e. each affected child’s report-
ing grandparent has the same (singular)
ethnicity), and a multiple response is
recorded when two or more ethnicities
are reported (multi-ethnic). The com-
bined response for each ethnicity is the
sum of single and multiple responses
and indicates the number of individu-
als in the population/study cohort that
identify with a given ethnicity as their
only ethnic origin or in addition to one
or more other ethnic origins. A total of
396 and 221 combined responses were
tabulated, respectively, across the en-
tire BCCH SAID cohort (n=149) and
from those participants (n=94) that re-
side in the GVA.

Statistical analyses

Combined responses were used for sta-
tistical calculations in GraphPad Prism
version 8.0.2 (GraphPad Software, San
Diego, CA, USA) to assess whether
particular ethnicities were dispropor-

tionately associated with particular
SAIDs (Suppl. Table S2) or under- or
over-represented relative to the general
population (Suppl. Table S3 and Table
S4). The Wilson/Brown method (17)
was used to calculate the 95% con-
fidence interval (CI) for each ethnic
origin in the BCCH SAID registry and
a binomial test, with the null hypoth-
esis that distribution in ethnic origin
in the BCCH SAID registry (observed
distribution) is not different to indi-
vidual SAIDs or to the BC population
(expected distribution). A two-tailed
p-value <0.05 was regarded as statisti-
cally significant.

Results

Diverse and mixed ethnicities
represented in BC SAID cases
Consistent with previous reports of
autoinflammatory disease in children
in BC (15) and in Canada (18), half
(55.0%) of all cases in this cohort had
a diagnosis of either PFAPA (35/149;
23.5%) or an unclassifiable autoinflam-
matory syndrome (47/149; 31.5%).
Monogenic SAIDs inclusive of FMF,
TRAPS, HIDS and CAPS collectively
accounted for only 12.8% (19/149) of
all cases. Diagnoses include: periodic
fever, aphthous stomatitis, pharyn-
gitis and cervical adenitis syndrome
(PFAPA, n=35), Beh¢et’s disease (BD,
n=8), chronic recurrent multifocal os-
teomyelitis (CRMO, n=39), tumor
necrosis factor receptor-associated pe-
riodic syndrome (TRAPS, n=6), cry-
opyrin-associated periodic syndromes
(CAPS, n=1), hyperimmunoglobulin D
(IgD) syndrome (HIDS, n=2), Famil-
ial Mediterranean Fever (FMF, n=11),
and unclassified autoinflammatory syn-
drome (UC SAID, n=47).

Using self-reported ethnicity of the
affected child’s maternal and pater-
nal grandparents and equally weight-
ed calculation of ethnic contribution
stemming from each grandparent (see
methods), results indicate extensive
ethnic diversity across our SAID co-
hort (Table I, “all SAID”), with repre-
sentation from every ethnic category
(n=23 defined groups inclusive of
‘other’ and ‘unknown’). This diversity
was also present within individuals as
evidenced by the majority of partici-
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Table I. Percent ethnic representation across different SAIDs in the BCCH registry.

Ethnicity 2All SAID UC SAID CRMO PFAPA FMF  Behget’'s TRAPS
(n=149) (m=47) (n=39) (n=35) (n=11) (n=8) (n=6)
First Nations 2.4 29 0.7 29 - 109 -
Black 1.1 0.7 13 - - 42 7.6
Latin American 23 2.7 1.3 04 9.1 1.0 8.3
Chinese 3.6 43 2.6 25 45 12.5 -
Filipino 1.3 2.1 - - - 12.5 -
Korean 1.0 32 - - - - -
Japanese 1.1 1.1 2.6 - - 1.0 -
Pacific Islander 0.3 - 1.0 - - - -
South Asian 10.7 8.2 18.6 79 9.1 - 18.8
Southeast Asian 0.3 0.8 - - - - -
West Asian 50 7.2 - 1.8 31.8 - -
Arabic 22 - 32 1.1 13.6 - -
Jewish 1.9 1.9 2.6 - 9.1 - -
British 152 14.1 13.8 20.5 1.1 29.7 11.8
Irish 53 53 4.1 7.1 5.7 3.1 6.9
Scottish 5.7 5.6 5.7 74 23 - 11.8
French 4.7 40 58 5.8 1.1 3.1 7.6
Eastern European 9.7 9.2 12.1 11.5 9.1 - 2.1
Northern European 4.5 2.6 4.2 8.5 1.1 6.3 42
Southern European 35 20 30 6.3 - - 42
Western European 84 10.5 9.1 64 - 7.8 -
Other 52 45 54 7.0 - - 16.7
Unknown 4.6 72 32 29 2.3 7.8 -

“Percent ethnic representation across the cohort (all SAID, n=149, >700 expressions of ethnicity) and
within specific SAIDs where n = number of patients per SAID group.
UC SAID: unclassifiable SAID. Data not shown for patients with HIDS (n=2) and CAPS (n=1).

pants (73.1%) reporting mixed eth-
nicity, with a mean representation per
individual of 3.6 distinct ethnic groups
(range of 2-7 ethnicities per person).
European (inclusive of British, Irish,
Scottish, French, and Eastern, Western,
Northern and Southern European), and
Asian (inclusive of Chinese, Filipino,
Korean, Japanese, and West, South and
Southeast Asian) heritage were indicat-
ed, respectively, in approximately one
half (57.0%) and one quarter (23.0%)
of all responses. Although SAIDs have
not been reported previously in Indig-
enous populations, First Nations were
indicated in 2.4% of total responses
and were associated with diagnoses of
unclassified SAID, PFAPA, CRMO,
and Bechet’s disease. Patients with
FMF, Behget’s and TRAPS had less
ethnic diversity compared to patients
with unclassifiable SAID, CRMO, and
PFAPA (Table I and Suppl. Fig. S1).

Although few in number, participants
with FMF (n=11) and TRAPS (n=6),
had over-representation (Supplemen-
tary Table S2), respectively of Mid-
dle Eastern (Arabic, West Asian), and
South Asian/Black origins, which is
consistent with previous reports of
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strong ethnic associations within the
monogenic disorders. No other statis-
tically significant differences in ethnic
composition were observed in individ-
ual SAIDs compared to the collective
SAID cohort.

Diverse ethnicities in

BC children with SAID

reflect regional ethnic diversity

To determine if the observed ethnic di-
versity in children and adolescents with
a SAID in BC reflected regional eth-
nic diversity, we compared the BCCH
SAID registry data to Statistics Canada
population estimates of ethnicity (16)
in the province of BC, and specifically
in the Greater Vancouver Area (GVA;
Suppl. Fig. S2) where approximately
48.6% of the population resides. In the
BCCH SAID registry, ~60% of study
participants (n=94) live in the GVA,
suggesting a slight bias in the number
of cases from this region.

The relative percentage of 16 out of 21
ethnic groups (‘other’ and ‘unknown’
excluded) was similar in the BCCH
SAID registry participants and both the
general populations of BC (Fig. 1A, 1B
and Suppl. Table S3) and the GVA (Fig.

1C and Suppl. Table S4). Representa-
tion within five ethnic groups (Chinese,
West Asian, Arabic, Jewish and Eastern
European), however, was significantly
different in the BCCH SAID registry
compared to both the BC and GVA
census data. Over represented ethnici-
ties in SAID patients compared to the
BC and GVA population included West
Asian (for GVA, 2.7 fold higher, p-
value = 0.002), Arabic (for GVA;, 3.4
fold higher, p-value = 0.011), Jewish
(for GVA, 12.0 fold higher, p-value
<0.0001), and Eastern European (for
GVA, 1.6 fold higher, p-value = 0.010).
Chinese was the only under repre-
sented ethnicity in SAID patients with
~3.9 and ~4.9 fold less representation
(p-value <0.0001) compared, respec-
tively, to the general population of BC
and the GVA.

Discussion

In this manuscript, we report complex
ethnic diversity within the majority of
individual patients and across a provin-
cial cohort of Canadian children and
adolescents with a systemic autoin-
flammatory disease. From comparisons
to Statistics Canada ethnicity data for
the province of British Columbia and
the Greater Vancouver area, our data
demonstrate that the extensive ethnic
diversity observed within the cohort
reflects, for the most part, regional eth-
nic diversity in the province. There are
notable exceptions, however, for par-
ticular ethnicities: this includes an over
representation of individuals with West
Asian, Arabic, Jewish, and Eastern Eu-
ropean heritage, and under representa-
tion of Chinese ethnicity. Although not
disproportionately represented, this is
the first report of systemic autoinflam-
matory disease in Canadian children of
Indigenous heritage.

Most published data on patients with
SAIDs indicate relatively narrow ethnic
diversity especially for certain SAIDs.
Without studies of multi-ethnic popula-
tions, it is difficult to determine to what
extent these associations may reflect the
study population. Within the EuroFever
registry, 93% of children with TRAPS
(n=158) were of European Caucasian
background (12), a finding that likely
reflects the ethnicity of the participat-
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SAID Registry

Fig. 1. Relative ethnic composition in BCCH SAID registry patients and BC residents.
A: Pie chart shows ethnic composition (relative percentage based on 396 combined responses) of participants (n=149) in the BCCH SAID registry cohort.
B: Doughnut chart compares the relative ethnic composition in the BCCH SAID registry (inner circle and shown in A) compared to the BC population (outer

circle; BC Census 2016).

C: Doughnut chart shows the relative ethnic composition of (inner circle) BCCH SAID registry participants residing in the Greater Vancouver Area (GVA,
n=94 participants, 221 responses) compared to (outer circle) the GVA population (GVA Census 2016). Annotated are ethnicities that are over- (bold) and
under (plain text) -represented (p<0.05) in the BC SAID when compared to BC Census (see Suppl. Table S3) and GVA Census data (see Suppl. Table S4).

ing (European) countries in the study.
In this respect, it may not be surprising
that children with a SAID in our cohort
are multi-ethnic and reflect the vast
ethnic diversity in the BC population.
Even patients in our cohort with FMF,
a monogenic SAID that is common in
people with Mediterranean background
were multi-ethnic with Chinese, South
Asian, European, Jewish, and British
Isle origin represented. This heteroge-
neity in FMF is in line with our prevous
report (15) and may warrant considera-
tion of somatic mutations in the aetiol-
ogy of SAIDs in different ethnic groups
than those commonly expected.

In contrast, over representation of West
Asian, Arabic, Jewish and Eastern Eu-
ropean individuals in our cohort may
not have been expected given that they
are frequently associated with mo-
nogenic SAIDs, which were a large
minority in our cohort. Likewise, the
under representation of children of Chi-
nese background in this SAID cohort
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was also surprising given that British
Columbia, and the greater Vancouver
region in particular, have a sizeable and
varied Asian population. These results
suggest that even within a multi-ethnic
population, particular ethnicities may
enhance the risk for certain SAIDs.
Along these lines, in a multi-ethnic
French population, disease risk in 79
individuals with Behget’s disease was
more strongly associated with ethnicity
than the geographic environment (19),
and Mediterranean descent was more
common in individuals in Israel with
PFAPA, a SAID of unknown aetiology
(20).

In summary, our results demonstrate
that children with SAIDs in British
Columbia have complex, multi-ethnic
origins. A limitation of this study is
parent-reported ethnicity. Although
data on all four grandparents provides
aricher picture of a child’s ethnic back-
ground than would be obtained if fami-
lies were asked to select one ethnicity,

a better understanding of the ethnic
contributions to SAIDs in Canadian
children will require application of an-
cestry genetic marker testing.
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Key messages

e Complex ethnic diversity is seen in
Canadian children with systemic au-
toinflammatory diseases.

e Systemic autoinflammatory disease
is seen in Canadian children of In-
digenous heritage.
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