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Summary
Background Only limited information exists regarding the epidemiology of Kawasaki disease (KD) in low-income and
middle-income countries. The present study provides the incidence of KD during 2015–2019 in Chandigarh, north
India. Our centre follows the largest KD cohort in India.

Methods Children with KD at Chandigarh diagnosed during January 2015–December 2019 were enrolled in the
study. Annual incidence rates were determined using decadal growth rates of the National Census 2011. We
computed the incidence of KD in children aged <5, and <15 years. We also undertook linear trend analysis using our
incidence data from 1994 to 2019.

Findings During 2015–2019, 83 patients (66 males, 17 females) were diagnosed with KD in Chandigarh. Incidence
rates during these 5 years were 5.64, 9.25, 9.11, 9.87, and 9.72/100,000 in children aged <5 years, and 2.65, 4.44, 3.86,
5.07, 4.74/100,000 in children aged <15 years. The median age at diagnosis was 48 months (range: 12 days to 15
years). Compared to previous data (2009–2014), there was a 53.1% increase in annual incidence of KD in children
aged <5 years, and a 53.7% increase in children aged <15 years. Coronary artery abnormalities during acute phase
were noted in 16.9%, and in 7.2% of patients at 6 weeks of follow-up. The trend analysis indicated a monthly rise of
0.002 cases per 100,000 children aged <5 years, and 0.0165 cases per 100,000 children aged <15 years.

Interpretation The incidence of KD has continued to show an upward trend in Chandigarh over the period
2015–2019. This may indicate a true rise in the occurrence of KD or may reflect better disease ascertainment as a
result of greater awareness about KD amongst healthcare professionals.

Funding None.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

Keywords: Kawasaki disease; Awareness; Incidence; Epidemiology; Chandigarh; North India; Coronary artery
abnormalities
Introduction
Kawasaki disease (KD) is a paediatric vasculitic disorder
that primarily affects coronary arteries. KD usually oc-
curs among children aged below 5 years but has also
been reported in adolescents and adults.1,2 Epidemio-
logical data from Japan, and high-income countries in
North America, and Europe show that KD has displaced
rheumatic fever (RF) to become the leading cause of
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paediatric-acquired heart disease.1,3,4 The reported inci-
dence of KD in Japan before the COVID-19 pandemic
was 371/100,000 children aged <5 years.5,6 In Japan,
approximately 1 in 100 children develop KD by the first
decade of life.6 South Korea and Taiwan have incidence
rates of 194.7 and 69.5, respectively, while in the United
States and Europe, the incidence ranges from 5 to 30/
100,000 children aged <5 years.3,7–9 It is important to
ediatrics, Advanced Pediatrics Centre, Postgraduate Institute of Medical
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Research in context

Evidence before this study
Epidemiological data from Japan and high-income countries
in North America and Europe show that Kawasaki disease
(KD) has surpassed rheumatic fever to become the most
common cause of paediatric-acquired heart disease. Only
limited information is available regarding the incidence of KD
in low-income and middle-income countries (LMICs).
Anecdotal reports suggest a growing recognition of KD in
India over the last two decades.

Added value of this study
This study shows that KD incidence in Chandigarh (a city and
Union Territory in north India) has continued to show an
upward trend over the period 1994–2019. The trend analysis
indicated a monthly rise of 0.002 cases per 100,000 in
children younger than 5 years, and 0.0165 cases per 100,000
in children younger than 15 years in Chandigarh. This may

indicate a true rise in the incidence of KD or may reflect better
disease ascertainment as a result of greater awareness about
KD amongst healthcare professionals.

Implications of all the available evidence
KD, and not acute rheumatic fever, is now the most
common cause of paediatric acquired heart disease in
Chandigarh. There is a need to increase awareness about
KD in India and other LMICs. Delays in diagnosis and
treatment are associated with significant cardiac morbidity
and mortality. A nationwide registry for KD is the need of
the hour. The WHO acknowledges cardiovascular disease in
their priority of actions. KD can now be considered a
‘priority disease’ by the WHO as the long-term morbidity
associated with it can have significant implications for
health planners.
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note that some Asian countries like Japan, Taiwan, and
South Korea, have been reporting an increasing inci-
dence of KD since the 1990s.8,10

Interestingly, very little is known about KD incidence
in low-income and middle-income countries (LMICs) in
Asia, Latin America, and Africa.11,12 Anecdotal reports
suggest that KD is now being increasingly recognised
in India over the last two decades.3,13–15 However, at
present, there is no national-level registry for KD
in India.

The first epidemiological study from our centre
located in Chandigarh (a city and federally adminis-
tered Union Territory [UT] in north India) docu-
mented the increasing incidence of KD from 1994
(0.51/100,000) to 2008 (4.54/100,000) in children aged
<15 years.13 The second epidemiological study covered
the period from 2009 to 2014, and reported the KD
incidence rate of 5.35/100,000 children under the age
of 5 years.16 In this study (which is continuation of our
previous studies13,16), we have compared the incidence
of KD during the period 2015–2019 with our previ-
ously published incidence figures. We have also ana-
lysed the linear trends in our incidence data during
1994–2019.
Methods
Study settings
This study was conducted in the Pediatric Allergy
Immunology Unit, Advanced Pediatrics Centre, Post
Graduate Institute of Medical Education and Research
(PGIMER), Chandigarh, India. Our institute serves as a
tertiary care teaching hospital in north India. Our unit is
also a WHO Collaborating Centre for Education,
Research, and Training in Paediatric Immunology.
Chandigarh is bordered by the State of Punjab to the
north and the west and the State of Haryana (District
Panchkula) to the east.13,16,17

Data collection
Our centre follows the largest KD cohort in India. We
have maintained a registry of all children diagnosed
with KD since 1994. Records were reviewed for all
children diagnosed with KD and residing in Chandigarh
from Jan 1, 2015 to Dec 31, 2019. Data regarding ad-
missions, age of presentation, and sex distribution were
recorded for all cases of KD in Chandigarh who sought
medical care at our hospital from 2015 to 2019. Diag-
nosis of KD was made based on guidelines of the
American Heart Association.1,2 2D-transthoracic echo-
cardiography (TTE) was carried out in all children dur-
ing acute and follow-up stages. Before 2019, TTE was
carried out on the Esaote (MyLab30Gold) ultrasonogra-
phy machine. Since then, we have been using the Phi-
lips EPIQ 7G ultrasonography machine (model number
US 51881625). TTE was usually carried out by post-
doctoral fellows of our institute. Z-scores for coronary
arteries were calculated using body surface area-based
measurements given by Dallaire and colleagues1,18 Pa-
tients with significant coronary artery abnormalities
(CAAs) on TTE also underwent CT coronary angiog-
raphy (CTCA) on a 128-slice Dual Source platform with
radiation optimization.19,20 All patients were treated as
per standard treatment guidelines. Intravenous immu-
noglobulin (IVIg) resistance was defined as recrudes-
cent or persistent fever at least 36 h following
completion of the first dose of IVIg. Adjunctive therapy
was administered to patients who had IVIg resistance,
and also to patients who had CAAs at presentation.1,2

All procedures performed in studies involving hu-
man participants were following the ethical standards of
the institutional and/or national research committee
www.thelancet.com Vol 29 October, 2024
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and with the Declaration of Helsinki (1964) and its later
amendments or comparable ethical standards. The
study was approved by the Departmental Review Board,
Department of Pediatrics, Advanced Pediatrics Centre,
PGIMER, Chandigarh (Approval No. DRB-14-24,
24.02.2024).

Estimation of incidence rate
To compute the incidence of KD, we followed the
similar methods mentioned in our previous studies.13,16

To compute the incidence of KD, we have made the
assumption that all children diagnosed to have KD in
Chandigarh would have either reported to our centre
directly, or would have approached for a second opinion
after consultation elsewhere during the acute stage.
However, it is still possible that some children with KD
in Chandigarh may not have approached us for treat-
ment or follow-up during the period of study. Therefore,
the incidence figures emerging from our study might
reflect the lowest possible incidence of KD at
Chandigarh.

Estimates of the population of Chandigarh are based
on the National Census conducted by the Registrar
General and Census Commissioner of India every 10
years.21 However, the National Census could not be
conducted in 2021 because of the COVID-19 pandemic
(previous census was conducted in 2011). Therefore, we
computed the population estimates for the subsequent
years i.e., from 2012 to 2019 using the decadal growth
rate of the National Census.

The population of Chandigarh was 1,054,686 in
2011, compared to 900,635 in 2001 - the population
growth rate being 17.19%. During 2001–2011, there was
a decline in the percentage growth rate of the population
of Chandigarh as compared to previous decades
(Supplementary Fig. S1). This demographic change is
probably a reflection of increased literacy and improve-
ment in the economic status of the population at large.
The proportion of children aged 0–6 years has declined
from 12.83% in 2001 to 11.18% in 2011. The number of
children aged <6 years in Chandigarh in 2011 was
1,19,434. We further computed the estimates of chil-
dren aged <5 years based on a pro-rata basis (i.e., by
subtracting 1/6th). Therefore, population estimates for
the subsequent years (i.e., from 2012 to 2019) were
determined using the decadal growth rate of 17.19%
derived from National Census data.

Seasonal variation
We calculated the seasonal distribution of KD cases at
our centre during 2015–2019. Considering recent
trends, Chandigarh has the following seasons: (i)
Quarter 1- winter (January–February)/spring (March),
(ii) Quarter 2- summer (April–June), (iii) Quarter 3-
monsoon (July–August)/autumn (September), and (iv)
Quarter 4- autumn (October)/winter (November–
December). The trend estimation was performed using
www.thelancet.com Vol 29 October, 2024
the moving average method. The seasonal variations
were computed using the ratio to moving average
method (Supplementary Table S1).

Comparison of incidence of KD and rheumatic fever
We also compared the estimated incidence of RF with
that of KD in Chandigarh. Estimates of RF have been
derived from a report of the ‘Jai Vigyan Mission Mode
Project on Rheumatic Fever and Rheumatic Heart Disease’
funded by the Indian Council of Medical Research
(ICMR), Ministry of Health and Family Welfare, Gov-
ernment of India.22 The data on the incidence of RF was
available yearly for the period 2001–2008. Therefore, the
incidence of RF and KD was compared using yearly data
obtained during 2001–2008.

Data analysis
We have analysed the records of all children with KD
from Chandigarh during 2015–2019. The incidence of
KD was calculated based on the number of cases in both
age groups (i.e., <5 years, and <15 years) residing at
Chandigarh, as the numerator and the population of
Chandigarh in the corresponding age group as the de-
nominator. Separate incidence rates were computed for
child population aged <5 years, and <15 years.

We have undertaken trend analysis for incidence of
KD cases for the age <5 years and <15 years. The trends
analysis of KD cases for both categories was performed
to understand the fluctuation of KD cases over the
considered timeframe. A p-value < 0.05 was considered
as statistically significant.

Role of the funding source
There was no funding source for this study.
Results
Demographic characteristics
Between January 2015 and December 2019, of the 539
children with KD enrolled at our centre, 83 (15.4%; 66
males, 17 females) were from Chandigarh. The distri-
bution of children with KD by age group is depicted in
Fig. 1. The median age at diagnosis was 48 months
(range: 12 days to 15 years). The median age at diagnosis
for males and females were 4 and 5 years, respectively.
A peak incidence was seen in the fourth year of life. The
median interval between the onset of fever and diag-
nosis of KD was 9.4 days (range: 5–28).

The mean incidence of KD during 2015–2019 was
estimated at 8.89/100,000 children aged <5 years, and
4.25/100,000 children aged <15 years. During the years
2015–2019 (five years), the annual incidence rates of KD
were 5.64, 9.25, 9.11, 9.87, and 9.72 per 100,000 chil-
dren aged <5 years, respectively. The corresponding
figures among children aged <15 years were 2.65, 4.18,
3.6, 5.07, and 4.74 per 100,000 children, respectively.
The trend line depicted a notable increase in KD cases
3
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Fig. 1: Age-wise distribution of children with Kawasaki disease (KD)
in Chandigarh, India during 2015–2019.
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from 2015 to 2019 (Fig. 2). The occurrence of KD
exhibited variations from year to year, and the highest
incidence was observed in 2018, with a rate of 9.87/
100,000 children aged <5 years and 5.07/100,000 chil-
dren aged <15 years (Fig. 2).

Seasonal variations and KD cases
Some clustering of cases was noted in April (10 pa-
tients), September (10 patients) and August (9 patients).
A nadir (two patients) was seen in February, whereas
October, November, and December had 8 patients each.
The seasonal variations are computed with the help of
ratio-to-moving average method. The estimates of the
seasonal indices indicate that the KD cases are
Fig. 2: Incidence of Kawasaki disease among children aged <5 and <15 yea
below 15: children aged <15 years.
increasing in Quarter 2 (April–June) and Quarter 4
(October–December) respectively. Specifically, the
number of KD cases is 16% and 29% higher than the
seasonal averages in Quarter 2 and Quarter 4, respec-
tively (Fig. 3 and Supplementary Table S1).

Clinical features
Complete KD was diagnosed among 48 children
(57.8%), while incomplete KD was observed in 35 chil-
dren (42.2%). Three children had a recurrence of KD.
Chromonychia was observed in six patients (7.2%) and
arthritis in two patients (2.4%). KD shock syndrome was
observed in 6 (7.2%) cases. In 10 (12.1%) patients, KD
was associated with concurrent infection. There was no
mortality in this cohort.

Treatment details
The first-line therapy for KD were IVIg (2 g/kg) and oral
aspirin (initially 30–50 mg/kg/day; and later 3–5 mg/kg/
day). Low-dose aspirin (3–5 mg/kg/day) was continued
in all patients for 4–6 weeks after the acute episode.
Aspirin was stopped in children who had normal
echocardiography findings at 6 weeks, whereas aspirin
was continued in children with residual CAAs.
Adjunctive therapy was required in seven patients:
infliximab in four patients, oral prednisolone in two
patients, and one patient received a combination of
infliximab, cyclosporine A, and oral prednisolone. There
were no treatment-related complications in our cohort.
Nine patients (11.4%) were not given treatment as they
had presented during convalescence and had already
become afebrile, inflammatory biomarkers had settled
and TTE showed no evidence of coronary involvement.

Cardiovascular complications
CAAs were detected in 14 patients (16.9%) during the
acute phase of the disease: in the left anterior
descending artery in six patients, in right coronary artery
in four patients, and in left main coronary artery in two
rs in Chandigarh, India (2015–2019). Below 5: children aged <5 years,
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Fig. 3: Seasonal distribution of Kawasaki disease (KD) cases in Chandigarh during 2015–2019. The X-axis represents the quarters from January
2015 to December 2019. Red line depicts the number of KD cases estimated with the help of moving average methods (MA).
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patients. Two patients had increased coronary artery
brightness along with loss of tapering. Two patients had
symptomatic myocarditis along with CAAs. At 6 weeks
of follow-up, six patients (7.2%) had residual CAAs. Two
patients had >1 Z score change in diameter at 6 weeks of
follow-up. CTCA was performed in seven patients and
showed CAAs in two patients.

Comparison of incidence of KD at Chandigarh to
previously published data, and trends
We have compared the KD incidence at Chandigarh
during 2015–2019 with previously published epidemio-
logical data from our centre. Our findings indicate a
notable increase in the incidence of KD in the current
study compared to our previously published incidence
data.13,16
Fig. 4: Trend analysis of Kawasaki disease (KD) cases aged <5 years (Jan

www.thelancet.com Vol 29 October, 2024
A trend analysis conducted from 1994 to 2019
revealed a statistically significant increase in KD cases
among children aged <5, and <15 years. The analysis
indicated a monthly rise of 0.002 (p-value < 0.0001)
cases per 100,000 children aged <5 years, and 0.004 (p-
value < 0.0001) cases per 100,000 children aged <15
years (Figs. 4 and 5).

Comparison of incidence of RF and KD at
Chandigarh
The incidence of RF and KD was compared using yearly
data obtained during 2001–2008. Trend analysis showed
an increase of 1.357 KD cases per year while RF cases
were found to decline by 4.583 cases annually (Fig. 6).
Further, we predict that the rise in incidence of KD is
likely to continue for several years.
1994–Dec 2019).

5
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Fig. 5: Trend analysis of Kawasaki disease (KD) cases aged <15 years (Jan 1994–Dec 2019).
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Discussion
In this study, we demonstrated that the incidence rates
of KD in Chandigarh during 2015–2019 in children
aged <5 years varied from 5.64/100,000 in 2015 to 9.72/
100,000 in 2019. Corresponding incidence rates in
children aged <15 years ranged from 2.65/100,000 in
2015 to 4.74/100,000 in 2019. The trend analysis indi-
cated a monthly rise of 0.002 cases per 100,000 children
aged <5 years, and 0.0165 cases per 100,000 children
aged <15 years. CAAs were seen in 16.9% of patients
during the acute stage and 7.2% at 6 weeks.
Fig. 6: Difference in trends between Kawasaki disease (KD) cases and
Chandigarh versus acute rheumatic fever national level estimates of dise
(2001–2008).
The three countries that report the highest incidence
of KD are Japan, South Korea, and Taiwan.3,4,7,8 In these
countries, the incidence is high and has continued to
increase over the last three decades. Approximately
17,000 new KD cases were reported yearly in Japan
before the COVID-19 pandemic.6

The first case of KD in Chandigarh was diagnosed in
1994.13 A robust hospital-based registry of children with
KD has been maintained in our unit. The diagnosis of
KD was based on AHA criteria. Management of KD was
based on standard treatment protocols.1,2 There has been
acute rheumatic fever (RF). Changes of Kawasaki disease cases in
ase generated by Indian Council of Medical Research (ICMR) during

www.thelancet.com Vol 29 October, 2024
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a consistent increase in the number of patients with KD
at our centre over the last 26 years.13,16 (Figs. 4 and 5)
During 2015–2019, we diagnosed 539 children with KD
at our centre. Of these, 83 (15.4%) were residents of
Chandigarh. In comparison, the number of children
diagnosed during 2009–2014 was 54.16 There has been a
steadily increasing KD incidence from 2015 (5.64/
100,000) to 2019 (9.72/100,000) in children aged <5
years. Corresponding incidence figures in children aged
<15 years ranged from 2.65/100,000 in 2015 to 4.74/
100,000 in 2019. Our incidence figures are comparable
to the KD incidence reported from Europe (4.9–9/
10,000 children <5 years).23–25 However, while we have
been observing a steadily increasing incidence of KD at
Chandigarh, the incidence appears to have plateaued in
European countries.26 Interestingly, the reported inci-
dence of KD in Chandigarh is lower than figures from
other Asian countries (Japan, Taiwan, and South Ko-
rea).8,12 This may reflect the under-recognition of KD
when it occurs in infancy and early childhood. Atypical
and incomplete forms of KD are more common in these
age groups. These presentations of KD often resemble
symptoms of viral and bacterial infections, which can
lead to confusion, especially among paediatricians in
LMICs. Typically, the threshold for diagnosing a pre-
sumed infection is much lower than that for KD in these
settings. As a result, many children with KD may
remain undiagnosed.

In the present study, the median age at diagnosis of
patients was 4 years, compared to 7 years during
1994–2008 and 3.5 years during 2009–2014.16 This shift
in the age of diagnosis is probably due to an increase in
awareness of KD amongst healthcare professionals in
the region –resulting in a greater number of infants and
young children getting diagnosed.7,16 However, the me-
dian age at diagnosis of KD at Chandigarh was still
higher than that reported in Japan and countries in
western part of the world.4,9,12 Genetic differences and
under recognition of KD in younger children in our
country may be the possible explanation for these dif-
ferences.12 With increasing awareness of the disease
over the last 26 years, the median age of diagnosis has
decreased at our centre.

Seasonal variation in the incidence of KD in Chan-
digarh is not very clear. We noted an increased number
of cases in Quarter 2 and Quarter 4. These quarters have
the driest months of the year in Chandigarh and like the
previous studies conducted in this institute, there is a
surge of cases of KD during these months (Fig. 3,
Supplementary Table S2).27 However, as the numbers
are small, it is difficult to draw firm conclusions in this
regard.

The occurrence of CAAs in the present study is
higher than in the previous reports from our centre.
This is likely due to better screening and imaging fa-
cilities that have progressively evolved at our
centre.18,19,28,29 We started performing a Z-score-based
www.thelancet.com Vol 29 October, 2024
assessments of coronary arteries in children with KD in
2013. Before that, we had been using absolute diameters
for the assessment of CAAs. As Z score-based assess-
ment is more sensitive, this may also contribute to the
apparent increase in the detection of CAAs in the pre-
sent study when compared to our previous studies.30,31 A
population-based survey from the United Kingdom and
Ireland has shown that the incidence of cardiac com-
plications in the first month of illness was as high as
28%, while CAAs at 6 weeks of illness were reported in
19% of patients despite treatment. Further, CAAs were
noted in 39% of children aged <1 year.32

In the developed world, KD has supplanted RF to
emerge as the leading cause of acquired heart disease in
children.1 Incidence of RF has decreased significantly
and continues to show a declining trend in India as
well.33,34 Therefore, we have juxtaposed the incidence of
KD at Chandigarh with the estimated incidence of RF at
the country level owing to lack of any epidemiological
data on incidence of RF in this region. Trend analysis
showed an increase of 1.357 KD cases per year while RF
cases were found to decline by 4.583 cases annually
(Fig. 6). To the best of our knowledge, in the last 15
years, there has been no reliable data on the incidence of
RF in India. The last study on incidence rates of RF was
published in 2013 and pertains to data collected from
2007 to 2008. In this study, the authors note that they
came across no new cases of RF.35 Most other studies
pertain to the prevalence of rheumatic heart disease
(RHD), rather than the incidence of RF. It would be
imprudent to compare the incidence of KD with the
prevalence of RHD as the two metrics refer to different
paradigms. However, the incidence of KD has
continued to increase over the last two decades in
several Asian countries like India, Japan, South Korea,
and Taiwan. On the other hand, the incidence of RF has
continued to show a steady decline.35–37 It appears,
therefore, that KD is now likely to be the most important
cause of paediatric acquired heart disease in children at
Chandigarh. This may also be true for the country at
large because most children with KD in India are not
getting diagnosed and treated.10 Untreated KD may
result in development of CAAs in 15–25% of children
suffering from KD. This subgroup would be predis-
posed to the development of acute coronary syndrome
later in life.

We acknowledge some of the inherent limitations of
our study. First, it is possible that some cases of KD
were managed elsewhere in Chandigarh during the
acute phase without being referred to our centre.
However, it is important to note that almost all children
diagnosed with KD in the city get referred to our centre
as we are the only tertiary care advanced facility in the
city. Moreover, our centre follows the largest cohort of
KD patients in the country.13,16 Second, there is a limi-
tation pertaining to the method used for estimating the
population growth rate for the intervening years
7
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between 2011 and 2019. As the Census data are not
available yearly, we relied on projections made on
decadal growth rates (17.19%) reported for Chandigarh
to calculate the incidence rates from 2015 to 2019. While
it is entirely possible that the growth rates for children
aged <5 and <15 years may differ from the overall
growth rates to the best of our knowledge there are no
other available methods on which to base our calcula-
tions. Furthermore, it is not easy to compare the inci-
dence of KD with that of RF because KD usually affects
children aged <5 years, while RF occurs in children aged
5–15 years. Unfortunately, there is a paucity of data on
the incidence of RF in the community. Most studies on
the subject refer only to the prevalence of RHD.

To summarise, incidence rates of KD in Chandigarh
during 2015–2019 in children aged <5 years varied from
5.64/100,000 in 2015 to 9.72/100,000 in 2019. Corre-
sponding incidence rates in children aged <15 years
ranged from 2.65/100,000 in 2015 to 4.74/100,000 in
2019. The trend analysis indicated a monthly rise of
0.002 cases per 100,000 children aged <5 years, and
0.0165 cases per 100,000 children aged <15 years. Car-
diovascular complication rates in the acute stage were
16.9%, while CAAs at 6 weeks of illness were reported
in 7.2% of patients despite therapy. With increased
awareness amongst paediatricians, KD is now being
diagnosed more frequently in infants and young chil-
dren and is emerging as the leading cause of paediatric
acquired heart disease at Chandigarh.
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