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Aim: The incidence of Kawasaki disease (KD) is reported to be increasing in some populations. We sought to describe long-term trends in the
incidence and epidemiology of KD in Australia over 25 years.

Methods: Two nationally complete administrative datasets relevant to KD in Australia were analysed and compared. The Australian Red Cross
Lifeblood Supply Tracking Analysis Reporting System (STARS) recorded all doses of immunoglobulin (IVIG) approved in Australia between January
2007 and June 2016. The Australian Institute of Health and Welfare National Hospital Morbidity Database (NHMD) records all episodes of care in
hospitals across Australia. Data relevant to KD were extracted an analysed, with comparisons made for the period of data overlap.

Results: During the period of data overlap (2007-2015) the IVIG treatment rate in the 0- to 4-year age group (calculated from STARS) was
14.31 per 100 000 person-years (95% confidence interval 13.67-14.97). The hospitalisation rate in the same age group (calculated from the
NHMD) was 14.99 per 100 000 person-years (95% confidence interval 14.33-15.66). Hospitalisation rates rose at an average rate of 3.54% annually
over the 25 years to 2017 in the 0- to 4-year age group, almost exclusively in the 1- to 4-year age group.

Conclusions: There is evidence of increasing KD diagnosis in Australia. Similar trends have also been reported in Asia but not in North America
or Europe. Increasing diagnosis may reflect a true increase in disease incidence, increasing recognition or overdiagnosis. Further research is

needed to determine the cause for these trends.

Key words: epidemiology; intravenous immunoglobulin; Kawasaki disease; rheumatology; routinely collected health data; vasculitis.

What is already known on this topic

1 The most recent estimate of KD incidence in Australia was 9.34
per 100,000 children under the age of 5 per year.

2 There have been inconsistent reports of increasing incidence of
KD from around the world.

3 There has been little research on the epidemiology of KD in
Australia.

Kawasaki disease (KD) is a systemic vasculitis that predominantly
affects children under 5 years of age' and is a leading cause of
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What this paper adds

1 We report the current national KD incidence based on two dis-
tinct complete national datasets of admissions and treatment.

2 We report a clear increasing trend to KD hospitalisation over the
last 25 years.

3 We report evidence of seasonal variation in the rates of IVIG
treatment for KD.

acquired heart disease among children.? Intravenous immuno-
globulin (IVIG) at a dose of 2 g/kg significantly reduces the inci-
dence of coronary artery aneurysms®> and is recommended as
first-line treatment for KD.! Reported incidence of KD varies,
with Japan reporting rates as high as 330.2 per 100 000 person-
years in the 0- to 4-year age group®; rates outside of East Asia are
at least an order of magnitude lower.>® Many countries in Asia
have reported increasing incidence, although this has been
reported less consistently in Europe and North America.”"®

Two studies have investigated the incidence of KD in Australia.
Royle et al. conducted a nation-wide survey of paediatricians
between 1993 and 1995, reporting an incidence of 3.7 per
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100 000 person-years in the 0- to 4-year age group.” Saundankar
et al undertook a retrospective discharge audit and case review in
Western Australia between 1979 and 2009, reporting an increase
in incidence from 2.82 to 9.34 per 100 000 person-years in the 0-
to 4-year age group over that period.'°

Studies of KD incidence often use the hospitalisation rate as a surro-
gate for the incidence rate; however, factors such as multiple admis-
sions in the same illness episode is likely to overestimate the true
incidence.!! We sought to address these methodological shortcomings
by using multiple overlapping sources. We analysed datasets of IVIG-
treatment and hospitalisations that overlapped for 9 years, determin-
ing the IVIG-treatment rate and the hospitalisation rate for that
period. We further described trends in KD hospitalisation over a
25-year period and undertook a spatiotemporal analysis of IVIG treat-
ment data to assess for seasonal trends in KD treatment rates.

Methods

Two datasets were used to calculate rates of KD diagnosis, each
of which was nationally complete over a given period. The Sup-
ply Tracking And Reporting System (STARS) recorded doses of
IVIG supplied by the national blood bank, while the National
Hospital Morbidity Database (NHMD) recorded hospitalisations at
all Australian hospitals. The study was conducted in accordance
with the REporting of studies Conducted using Observational
Routinely-collected health Data statement.'?

Supply tracking and reporting system

Australian Red Cross Lifeblood (previously the Australian Red
Cross Blood Service) is the single provider of publicly funded
blood products in Australia. Strict criteria govern the access to
publicly funded IVIG, with KD an approved indication since
1993.!% STARS was the inventory management system used by
Australian Red Cross Lifeblood for immunoglobulin products
from 2006 to 2016. We analysed records of all doses of IVIG sup-
plied for KD from January 2007 to June 2016; data available
included patient name, date of birth, sex and weight; IVIG dose

Table 1 Kawasaki disease (KD) cases identified by Saundankar et al.
and Supply Tracking Analysis Reporting System (Australian Red Cross
Lifeblood) (STARS) during overlapping years, 2007-2009

Saundankar et
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and brand; and the request date and prescribing hospital. We
were able to account for children who received multiple doses of
IVIG to determine the total number of IVIG-treated KD episodes
(Supplementary Methods in Appendix S1).

National Hospital Morbidity Database

The Australian Institute of Health and Welfare is Australia’s
national agency for information and statistics on Australia’s
health and welfare; it publishes data on all episodes of care (‘sep-
arations’) at all Australian hospitals since 1993, available to the
public online as the NHMD.'* We retrieved all separations for
which the primary diagnosis was KD (using International Classifi-
cation of Disease (ICD) discharge codes ICD-9-CM 446.1 for
1993-1998 and ICD-10-AM M30.3 thereafter) between July
1993 and June 2018. The number of separations was presented
in aggregated form but could be disaggregated by age bracket and
sex for Australian financial years (1 July to 30 June). From these
data, we derived the total number of hospitalisations for KD
(Supplementary Methods in Appendix S1).

Data linkage between the datasets was not possible due to the
aggregated nature of the NHMD. Age-specific IVIG-treatment
rates and hospitalisation rates were calculated from STARS and
the NHMD, respectively, using census data from the Australian
Bureau of Statistics."> Both were annualised by Australian financial
years, and summarised by five 5-year periods: 1993-1997, 1998-
2002, 2003-2007, 2008-2012 and 2013-2017.

To assess the accuracy of the IVIG-treatment rate, we compared
IVIG-treated episodes of KD with data on the incidence of KD in
Western Australia published by Saundankar et a/. during the 3 years
that the data overlapped (2007-2009)."° We then compared the
IVIG-treatment and the hospitalisation rate for the 9 years that the
STARS dataset and the NHMD overlapped. Finally, we extended
the analysis of each dataset depending on their scope and
spaciotemporal resolution: the NHMD was analysed for its full
25 years to examine trends in KD hospitalisation over time and spa-
tiotemporal analysis of the STARS dataset assessed for seasonal pat-
terns in KD treatment rates.

Table 2 Kawasaki disease (KD) cases identified in Supply Tracking
Analysis Reporting System (Australian Red Cross Lifeblood) (STARS)
and the National Hospital Morbidity Database (Australian Institute of
Health and Welfare) (NHMD) during overlapping years, 2007-2015

al. (n = 41) STARS (n = 45) STARS (n = 2590) NHMD (n = 2682)
Cases, n (%) Cases, n (%)
0-4 years 29 (71) 34 (76) 0-4 years 1885 (73.0) 1974 (73.6)
5-9 years 7 (17) 8 (18) 5-9 years 579 (22.4) 606 (22.6)
Rate per 100 000 person- Rate per 100 000
years (95% Cl) person-years (95% Cl)
0-4 years 6.77 (4.54-9.73) 7.94 (5.50-11.10) 0-4 years 14.31 (13.67-14.97)  14.99 (14.33-15.66)
5-9 years 1.68 (0.68-3.47) 1.92 (0.83-3.79) 5-9 years 4.57 (4.21-4.96) 4.78 (4.41-5.18)

Cases in Saundankar et al. were derived from a state-wide retro-
spective discharge audit and chart review in Western Australia.
Cases in STARS represent intravenous immunoglobulin-treated epi-
sodes of KD in Western Australia. Cl, confidence interval.

Cases in STARS represent intravenous immunoglobulin-treated epi-
sodes of KD. Cases in the NHMD represent hospitalizations for
which the primary discharge diagnosis was KD. ClI, confidence
interval.
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Fig 1 Hospitalisation rate and intravenous immunoglobulin (IVIG)-treatment rate of Kawasaki disease (KD) in Australia over 25 years, with comparison to

published historical estimates of incidence. Comparison to previous published estimates of Australian KD incidence: Royle et al.’

and Saundankar et al."°

The study by Saundankar et al. was performed in only one Australian state — Western Australia. Hospitalisations data are from the National Hospital Mor-
bidity Database — Australian Institute of Health and Welfare (NHMD). IVIG-treatment data are from the Supply Tracking Analysis Reporting System —

Australian Red Cross Lifeblood (STARS). (
NHMD 5-9 years; (====), STARS 5-9 years; (==), Saundankar 5-9 years; (

Statistical analysis was performed using Stata/IC 15.1 for Mac
(StataCorp 2017; Stata Statistical Software: Release 15, College
Station, TX, USA). Confidence intervals for rates assume a
Poisson distribution; binomial distribution was used for propor-
tions. Seasonality was assessed using the Walter-Elwood test.'®
Ethical approval was granted by the Human Research Ethics
Committee of Australian Red Cross Lifeblood (HREC 2015#12).

Results

STARS recorded 3176 doses of IVIG issued for the treatment of
KD between January 2007 and June 2016, representing 2694
IVIG-treated episodes of KD in 2645 individuals. Of the 2694
IVIG-treated episodes of KD, 485 (18.0%) received two or more
doses of IVIG within 30 days (IVIG retreatment). Of the 2645
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), NHMD 0—4 years; (=====), STARS 0-4 years; (=), Saundankar 0-4 years; (
), Royle 5-9 years.

), Royle 0-4 years; ( ),

individuals treated with IVIG, 33 (1.2%) had two or more dis-
crete IVIG-treated episodes of KD (i.e. doses of IVIG for the treat-
ment of KD separated by more than 30 days — classified as
disease recurrence; see Methods for details). The STARS dataset
overlapped with data published by Saundankar et al. for 3 years,
during which there was close agreement (Table 1, Western
Australia data only). The NHMD recorded 6395 episodes of care
for KD between 1993 and 2017, representing 5949 KD
hospitalisations.

There was close agreement between the IVIG treatment
rate and the hospitalisation rate during the 9 years in which
the STARS and NHMD datasets overlapped (Table 2, Fig. 1).
In the 0- to 4-year age group, the IVIG-treatment rate was
14.31 per 100 000 person-years (95% confidence interval
(CI) 13.67-14.97), and the hospitalisation rate was 14.99 per
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Table 3 Kawasaki disease hospitalisation rate, by age: 1993-1997 to 2013-2017

R Lucas et al.

Age group, Hospitalisation rate (per 100 000 person-years) Mean annual
years increase
1993-1997, rate 1998-2002, rate 2003-2007, rate 2008-2012, rate 2013-2017, rate 1993-2017, %
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
0-4 9.39 (8.66-10.16) 9.39 (8.65-10.17)  12.14(11.31-13.02)  14.79 (13.91-15.70)  17.51 (16.59-18.47) 3.5 (2.9-4.1)
0-1 13.50 (11.57-15.67)  11.03 (9.27-13.03)  13.83 (11.89-16.00)  15.55 (13.61-17.70)  13.77 (11.98-15.75) 0.7 (—0.3-1.8)
1-4 8.37 (7.60-9.20) 8.99 (8.18-9.85) 11.71 (10.80-12.69)  14.59 (13.62-15.61)  18.44 (17.39-19.54) 4.3 (3.7-5.0)
5-9 2.85 (2.45-3.29) 2.72 (2.34-3.15) 3.23 (2.81-3.69) 4.31 (3.83-4.83) 5.49 (4.98-6.04) 4.0 (2.5-5.4)
10-14 0.28 (0.17-0.44) 0.51 (0.35-0.71) 0.51 (0.35-0.71) 0.76 (0.57-1.00) 0.72 (0.53-0.94) 45 (2.9-6.2)
15-19 0.05 (0.01-0.14) 0.09 (0.03-0.20) 0.12 (0.05-0.23) 0.07 (0.02-0.16) 0.15 (0.07-0.27) 4.2 (—0.1-8.6)

Hospitalizations data are from the National Hospital Morbidity Database of the Australian Institute of Health and Welfare. Cl, confidence interval.

100 000 person-years (95% CI 14.33-15.66). Rates in the
5- to 9-year age group showed a similar level of agreement
(Table 2).

Hospitalisation trends

Hospitalisation rates in the 0- to 4-year age group rose an average
rate of 3.5% (95% CI 2.9-4.1) annually between 1993 and 2018,
increasing from 9.39 per 100 000 person-years (95% CI 8.66—
10.16) in 1993-1997 to 17.47 per 100 000 person-years in 2013—

15 1

10 A

Hospitalisation rate
(per 100 000 person-years)

2017 (95% CI 16.59-18.47) (Table 3). Similar rates of growth
were observed in the 5- to 9-year and 10- to 14-year age groups,
but not in the 0- to 1-year or 15- to 19-year age group (Table 3).
Hospitalisation rates by sex are provided in Table S2 (Supporting
Information).

Age distribution

Differential rates of change in hospitalisation rates resulted in
a changing age structure of KD hospitalisations over the five

r 2000

!_1600

- 1200
Fig 2 Kawasaki disease

hospitalisations, by age: 1993-1997 to
2013-2017. Hospitalisations data are
from the National Hospital Morbidity
Database - Australian Institute of
Health and Welfare. Intravenous
immunoglobulin-treatment  data are
from the Supply Tracking Analysis
Reporting System — Australian Red
Cross Lifeblood. Data are from the
National Hospital Morbidity Database —
Australian Institute of Health and Wel-
fare. For disaggregation by sex, see
Figure Sl1a,b (Supporting Information).
( ), 0-1 years (n); (wmm), 1-4 years
(n);  (wem), 5-9years (n); (=),
>10 years (n); (e====), 0-1 years (rate);

suoljesi|eydsoy |ejol

1993-1997 1998-2002 2003-2007

2008-2012

0 (emm), 14 years (rate); (ess=), 5-—

2013-2017 9 years (rate).
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periods, with a disproportionate increase in the 1- to 4-year
age group (Fig. 2, Fig. Slab, Supporting Information).
Detailed age structure was available from the STARS dataset
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(Fig. 3a,b), with the overall IVIG-treatment rate peaking in
the second year of life (15.53 per 100 000 person-years, 95%
CI 14.15-17.02).
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Fig 3 Treatment of Kawasaki dis-
ease with intravenous immuno-
globulin  (IVIG), by age - age
distribution and age-specific treat-
ment rate: January 2007 to July
2016. (a) Age distribution of 2694
individuals for whom IVIG was
issued as treatment for their first
episode of KD between January
2007 and July 2016. (b) Age-
specific treatment rate of KD by
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Fig 4 Males as a percentage of total Kawasaki disease numbers, by age: comparison of two datasets. (a) Hospitalisations data are from the National Hos-
pital Morbidity Database — Australian Institute of Health and Welfare (NHMD). (b) Intravenous immunoglobulin-treatment data are from the Supply Tracking
Analysis Reporting System — Australian Red Cross Lifeblood (STARS). Bars represent 95% confidence interval assuming a binomial distribution.

Sex distribution Seasonal variation
Males outnumbered females in all age groups in both datasets (Fig. 3 There was some evidence of seasonal variation in KD diagnosis,
and Fig. S1, Supporting Information), comprising 60.3% all KD with higher average monthly treatment rates in the second half
hospitalisations (95% CI 59.0-61.5) and 58.5% of all IVIG-treated epi- of the year compared with the first (18.9 episodes per month
sodes (95% CI 56.6-60.4). Male to female ratios varied by age in both between July and December vs. 14.6 per month between
datasets (Fig. 4, Table S3, Supporting Information), with the male pre- January and June; P<0.001). Seasonal variation was poorly
dominance higher in the 0- to 1-year age group than other groups. modelled by a sinusoidal function (Walter Elwood tests
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Fig 5 Monthly variation of Kawasaki disease treatment rates in Australia, by region: 2007-2015. Intravenous immunoglobulin-treatment data are from
the Supply Tracking Analysis Reporting System — Australian Red Cross Lifeblood. Bars represent 95% confidence interval (Cl) assuming a binomial distribu-
tion. For plots of individual years, see Figure S2a—f (Supporting Information). (—), Rate; (——), 95% Cl.
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P <0.001, peak mid-September — Southern Hemisphere Spring).
This pattern varied across Australia; a unimodal distribution was
observed in temperate south-eastern states (e.g. Victoria, New
South Wales), with peak incidence between August and October.
There was some indication of a bimodal distribution in the tropi-
cal northern states (e.g. Queensland and New Territory), with
smaller peaks occurring in April and December. (Fig. 5, Table S4
and Fig. 2a—f, Supporting Information)

Discussion

We used two independent national datasets to derive the
most rigorous estimate of KD incidence in Australia to date.
For the period 2007-2015, we were able to accurately deter-
mine both the IVIG-treatment rate and the KD hospitalisation
rate, which we believe provide lower and upper bounds of
the true diagnosis rate, respectively. We then extended our
analyses of both datasets, describing trends in hospitalisations
over 25 years and seasonal variation in the IVIG-treatment
rates by region.

During the 9 years in which the datasets overlapped, the treat-
ment rate of KD with IVIG was 14.31 per 100 000 person-years
in the 0- to 4-year age group (95% CI 13.67-14.97), while the
hospitalisation rate in the same age group was 14.99 per 100 000
person-years (95% CI 14.33-15.66). This is markedly higher than
the previous estimate of Australian incidence of 9.34 per 100 000
person-years,'® suggesting that the incidence of KD in Australia
is approaching that reported in the USA (20.8 per 100 000 per
annum)'” and Canada (20.5 per 100 000 per annum),'® and is
considerably higher than that reported most recently in the UK
(8.39 per 100 000 per annum).*®

We observed a mean annual increase in the KD hospitalisation
rate of 3.5% in the 0- to 4-year age group over 25 years. This
increase occurred primarily in the 1- to 4-year age group, which
replaced the 0- to l-year age group as the age group with the
highest incidence of KD — a phenomenon not previously reported
elsewhere. It is unclear whether this change in KD
hospitalisations reflects a true increase in disease incidence,
increasing recognition and/or diagnosis, or both. Increasing KD
incidence has been inconsistently reported around the world.
Data from Japan are the most convincing; with increasing inci-
dence consistently reported from hospital-based surveys for
almost 40 years, albeit with response rates below 75%.° Evi-
dence of increasing incidence in other regions is less clear.”*® It
is notable that the period of this study also saw significant
changes in Australia’s demographic structure, with the propor-
tion of Australian residents born in Asia increasing from 5% in
1996 to over 12% in 2019%!; however, the possible influence of
this demographic change could not be assessed in this study.

We observed an overall male to female ratio of 1.52:1 — similar
to previously reported data' — however, this varied by age, with
an exaggerated male predominance in the 0- to 1-year and 10-
to 14-year age groups (2.08:1 and 1.65:1, respectively). Advani
et al. reported a male to female ratio of 4:1 among adolescents,*?
however the phenomenon has not previously been reported in
the 0- to 1-year age group (although it is evident in data publi-
shed by Makino et al.?%).

We observed a peak in the IVIG treatment rate in September
(Southern Hemisphere spring) nationally, although the seasonal
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patterns differed between the temperate south-eastern states —
which had a unimodal distribution, and the tropical northern
states — which had a bimodal distribution. Globally, there is wide
variation in the reported seasonality of KD.?> While there are
few data on KD seasonality in the Southern Hemisphere, our
observation of a peak in September is similar to that reported in
New Zealand.**

Studies of disease incidence typically take one of two
approaches to case definition: the ‘formal’ approach where the
unit of measure is cases fulfilling strict diagnostic criteria, or the
‘pragmatic’ approach, where the unit of measure is physician-
made diagnoses. While the formal approach is rigorous, limita-
tions arise when the boundaries of the disease expand beyond
the defined criteria, as is the case for KD. A pragmatic approach
has commonly been taken in KD research — using the diagnosis
rate as a surrogate for incidence and estimating the diagnosis rate
from the hospitalisation rate. This approach leverages the avail-
ability of large administrative datasets reporting hospitalisations,
but has been shown to overestimate true KD numbers.''*> We
sought to address this bias by using the rate of IVIG treatment as
a second measure of the diagnosis rate. This novel approach was
possible as Australia has a single centralised provider of publicly
funded immunoglobulin, and the concordant results increase our
confidence in the estimate of the incidence rate.

We acknowledge a number of important limitations to this
approach. We retrospectively analysed administrative datasets
that were not originally established for research and therefore
the analysis involved a number of assumptions. We considered
all hospital-based episodes of care for KD requiring at least
1-night admission in KD hospitalisation. Children treated as out-
patients would have been systematically excluded from this
study; however, this would be rare as Australian practice
throughout the study period was for inpatient management. We
were unable to account for children having multiple
hospitalisations within the same episode of KD (as might occur in
treatment-resistant disease). We addressed this bias in the STARS
dataset by defining a 30-day cut-off within which retreatment
constituted resistance and after which constituted disease recur-
rence. We were unable to comment on issues of diagnostic error
or misclassification. We sought to address this by comparing our
estimates of the IVIG treatment rate with estimates derived from
data by Saundankar et al. that used a formal case definition for
KD; this was applied by reviewing individual patient medical
records. Estimates from both datasets were similar in the over-
lapping years.

This study has several key strengths related to the complete-
ness and quality of the data sources. Australia has a publicly
funded universal health-care system (Medicare) that provides
free treatment in public hospitals to citizens and most residents;
data about hospitalisations are therefore unlikely to be biassed by
issues of inequitable access to health care. Additionally, coding of
discharge diagnosis is standardised for the purpose of hospital
funding, ensuring a high level of data quality. Consequently, our
estimate of the hospitalisation rate is likely to be accurate. Our
estimate of the IVIG treatment rate used data from Australia’s
sole provider of publicly funded blood products — Australian Red
Cross Lifeblood. The STARS database has previously been vali-
dated for accuracy and completeness of data; estimates of the
IVIG treatment rate are therefore also likely to be accurate.
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Conclusions

We describe a novel approach to the investigation of KD epidemi-
ology and report an increasing incidence of KD in Australia.
High-quality, standardised prospective surveillance is warranted
to understand the evolving epidemiology of KD in Australia and
elsewhere to inform clinical and scientific priorities.
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Fig. S1. Kawasaki disease hospitalisations, by age (a, males; b,
females): 1993-1997 to 2013-2017.

Fig. S2. Monthly variation of Kawasaki disease treatment rates in
Australia, by region: 2007 to 2015 — (a) All of Australia; (b) New
South Wales and the Australian Capital Territory; (¢) Queensland
and the Northern Territory; (d) South Australia; (e) Victoria and
Tasmania; (f) Western Australia.
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