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AbsTrACT
background The clinical features of Kawasaki disease 
(KD) overlap with those of other paediatric febrile 
illnesses. A missed or delayed diagnosis increases the 
risk of coronary artery damage. Our computer algorithm 
for KD and febrile illness differentiation had a sensitivity, 
specificity, positive predictive value (PPV) and negative 
predictive value (NPV) of 94.8%, 70.8%, 93.7% and 
98.3%, respectively, in a single- centre validation 
study. We sought to determine the performance of this 
algorithm with febrile children from multiple institutions 
across the USA.
Methods We used our previously published 18- variable 
panel that includes illness day, the five KD clinical criteria 
and readily available laboratory values. We applied this 
two- step algorithm using a linear discriminant analysis- 
based clinical model followed by a random forest- based 
algorithm to a cohort of 1059 acute KD and 282 febrile 
control patients from five children’s hospitals across the 
USA.
results The algorithm correctly classified 970 of 
1059 patients with KD and 163 of 282 febrile controls 
resulting in a sensitivity of 91.6%, specificity of 57.8% 
and PPV and NPV of 95.4% and 93.1%, respectively. 
The algorithm also correctly identified 218 of the 232 KD 
patients (94.0%) with abnormal echocardiograms.
Interpretation The expectation is that the predictive 
accuracy of the algorithm will be reduced in a real- 
world setting in which patients with KD are rare and 
febrile controls are common. However, the results of the 
current analysis suggest that this algorithm warrants a 
prospective, multicentre study to evaluate its potential 
utility as a physician support tool.

InTrOduCTIOn
Kawasaki disease (KD), the most common cause of 
acquired heart disease in children, is a vasculitis that 
mostly affects children under 5 years of age but can 
occur throughout childhood.1 As treatment with 
intravenous immunoglobulin (IVIG) reduces the 
risk of long- term cardiovascular sequelae, KD must 
be considered in the diagnosis of a febrile child.2 
A delayed diagnosis increases the risk of coronary 
artery aneurysms, which in some children can lead 

to myocardial infarction or death.3–5 The major 
challenge in diagnosing KD is that it shares clin-
ical signs with other childhood febrile illnesses.6 
To date, there is no diagnostic test for KD, and it 
remains mostly a clinical diagnosis. While there are 
supplementary laboratory data as outlined in the 
American Heart Association (AHA) guidelines that 
can aid in the diagnosis if only two or three clin-
ical signs are present, the diagnosis of KD is still 
being missed.6–8 Thus, a validated and generalisable 
algorithm that differentiates acute KD from other 
febrile illnesses is needed to help facilitate timely 

What is already known on this topic?

 ► A key objective of research in Kawasaki 
disease (KD) is to reduce the risk of long- term 
cardiovascular sequelae by expediting timely 
diagnosis.

 ► The major challenge in diagnosing KD is that it 
shares clinical signs with other childhood febrile 
illnesses.

 ► A computer- based algorithm was developed 
and validated using clinical criteria and 
laboratory tests to differentiate single- centre 
patients with KD from those with other febrile 
illnesses.

What this study adds?

 ► This is the first blinded, multicentre validation 
of a computer algorithm for the differentiation 
of patients with KD from others with clinically 
similar febrile illnesses.

 ► The algorithm has sufficient sensitivity and 
positive predictive value to identify the majority 
of patients with KD diagnosed at centres across 
the USA.

 ► The results suggest a promising approach to 
the timely diagnosis and treatment of patients 
with KD to reduce the risk of coronary artery 
aneurysms.
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IVIG treatment and, ultimately, to reduce the risk of coronary 
artery abnormalities.

In 2016, we validated a two- step computer- based algorithm 
using clinical and laboratory variables to classify an individual 
as a patient with KD, a febrile control (FC) or indeterminate. In 
the single- centre validation,9 the algorithm yielded a sensitivity 
of 94.8% and a specificity of 70.8%. In this study, we performed 
a blinded, multicentre validation of the computer algorithm for 
differentiation of patients with KD from those with other paedi-
atric febrile illnesses. By exploring the classification results of 
the algorithm in the multicentre study, we aimed to evaluate the 
performance of the algorithm in a larger, independent cohort.

MATerIAl And MeThOds
study design
We previously developed and validated, with data from a single 
centre, a two- step algorithm that applies a linear discriminant 
analysis (LDA)- based model followed by a random forest- based 
algorithm to differentiate patients with KD from children with 
other febrile illnesses (FCs).9 Patients who are classified as inde-
terminate by the LDA- based model are then evaluated by the 
random- forest algorithm based on the number of KD clinical 
criteria with which they present. The two- step algorithm was 
developed with a discovery cohort, and validated with a sepa-
rate validation cohort, in the single- centre study. We applied the 
algorithm to a blinded dataset from five paediatric hospitals in 
the USA. The evaluation was blinded to diagnosis during classifi-
cation, and then unblinded to calculate performance.

study population
Patients with acute KD were identified from well- curated 
databases at five paediatric hospitals in the USA: Boston Chil-
dren’s Hospital, Boston, Massachusetts; Children’s Hospital 
Colorado, Aurora, Colorado; Children’s Hospital of Orange 
County, Orange, California; Nationwide Children’s Hospital, 
Columbus, Ohio; and Rady Children’s Hospital, San Diego, 
California. FCs were identified from Children’s Hospital Colo-
rado and Rady Children’s Hospital San Diego. The diagnosis 
of KD was made by KD experts (paediatric infectious disease 
or paediatric rheumatologists) based on the 2004 AHA guide-
lines.10 All FCs had unexplained fever, ≥1 of the five principal 
clinical criteria for KD, and laboratory evaluation, and came 
from two of the centres: Rady Children’s Hospital San Diego 
and Children’s Hospital Colorado. While the FCs from Rady 
Children’s Hospital San Diego were enrolled through the emer-
gency department, with the diagnosis adjudicated by a paediatric 
infectious disease specialist and emergency medicine physician, 
the FCs from Children’s Hospital Colorado were diagnosed by 
paediatric infectious disease consultants. Final FC diagnosis was 
determined by clinical features, culture or PCR testing.

All patients had fever (≥38.0°C) for no more than 10 days and 
had complete information for nine clinical or laboratory data 
points, including the five principal clinical criteria (illness days 
(ie, days of fever), total white cell count (WCC), percentage of 
eosinophils and haemoglobin concentration), as we previously 
demonstrated that these were the most highly weighted vari-
ables.11 Other parameters of the algorithm, including percent-
ages of monocytes, lymphocytes, neutrophils and immature 
neutrophils (bands), platelet count, levels of C reactive protein 
(CRP), gamma glutamyl transferase (GGT), alanine aminotrans-
ferase (ALT) and erythrocyte sedimentation rate (ESR), were 
collected if available. Age and sex for all patients, and coronary 
artery status and Z- score (SD from the mean adjusted for body 

surface area) for patients with KD, were also recorded. Coro-
nary artery status was classified as normal (right coronary artery 
(RCA) and left anterior descending (LAD) Z- score always <2.5) 
or abnormal (RCA and/or LAD Z- score ≥2.5 within the first 
6 weeks after diagnosis).

Two-step algorithm for differentiation of Kd and FCs
The two- step algorithm uses an LDA- based analysis followed by a 
random forest- based algorithm. Input variables of the LDA model 
are illness days, the 5 principal clinical criteria and 12 laboratory 
test variables. There variables and their corresponding weights 
in the algorithm are listed in online supplementary appendix 1. 
Values were imputed with a k- nearest neighbour algorithm. The 
output of the LDA classifies each individual patient as KD, FC 
or indeterminate. The cut- off thresholds between the three cate-
gories were set in the original algorithm to provide a positive 
predictive value (PPV) or negative positive value (NPV) of 95%. 
The indeterminate patients were divided into four subcohorts 
based on the number of KD criteria present at the time of diag-
nosis,9 and separate random forest models were applied to the 
patients in each sub- cohort to further stratify these patients into 
KD, FC or indeterminate categories.

Algorithm performance in the multicentre study
The aim of this study was to calculate the algorithm perfor-
mance on a multicentre cohort. We compared the classifications 
of patients by the algorithm with the classifications made by 
the clinical experts who diagnosed the patients. We calculated 
sensitivity, specificity, PPV, NPV and rates of indeterminate 
classification of the algorithm when applied to the five- centre 
population. We then compared these results to those of the 
single- centre validation cohort to observe any difference in algo-
rithm performance between the multicentre and single- centre 
cohorts. Performance of the algorithm was evaluated according 
to age, illness days and coronary artery status. We also performed 
univariable analysis with each of the 18 variables in subcohorts 
of patients manifesting 2, 3 or ≥4 clinical criteria for KD. In 
each subcohort, the distribution of each variable was compared 
between the patients with KD and FCs, and the differences were 
measured using Mann- Whitney U test (for continuous variables) 
or Fisher’s exact test (for categorical variables). The distribution 
of each of the variables was also compared with the results of the 
single- centre study, in patients with KD and FCs respectively, to 
explore potential reasons for different performance of the algo-
rithm between the two studies.

resulTs
Patient characteristics
From the five centres, 1059 patients with KD and 282 FCs were 
evaluated in the study. Patients with KD were more likely to 
be male than FCs (61.9% (649 of 1048 KDs in whom sex was 
available) vs 53.8% (98 of 182 FCs in whom sex was available), 
p=0.04). The FCs had a higher median age than the patients with 
KD (3.7 vs 2.8 years, p<0.0001). The FCs most common final 
diagnosis was a viral illness (online supplementary appendix 2). 
Echocardiography, performed in 27.3% (77 of 282) of the FCs 
for evaluation of suspected KD, revealed normal Z- scores of the 
LAD and RCA in all of these patients.

Classification results and comparison with the single-centre 
study validation results
In this multicentre study, the algorithm had a sensitivity of 91.6% 
(970 of 1059; 918 (86.7%) were identified by the LDA and 52 
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Figure 1 Performance of the two- step algorithm for classification of patients with KD and FCs. Left: a 2×2 table compared with single- centre 
validation results in 2016. Right: percentages of correctly classified, misclassified and indeterminate patients. FCs, febrile controls; KD, Kawasaki 
disease; NPV, negative positive value; PPV, positive predictive value.

Table 1 Performance of the two- step algorithm in relation to 
echocardiogram results

Coronary artery status 
by echocardiogram, 
n (%)

Kd, correctly 
classified, 
n=970

Kd, indeterminate, 
n=77

Kd, 
misclassified, 
n=12

Normal, n=827 752 (90.9) 64 (7.7) 11 (1.3)

Abnormal, n=232* 218 (94.0) 13 (5.6) 1 (0.4)

*Coronary artery status was classified as normal (right coronary artery (RCA) and 
left anterior descending (LAD) Z- score always <2.5) or abnormal (RCA and/or LAD 
Z- score ≥2.5 within the first 6 weeks after diagnosis).
KD, Kawasaki disease.

(4.9%) were identified by the random forest), a specificity of 
57.8% (163 of 282; 129 (45.7%) were identified by LDA and 34 
(12.1%) by the random forest), a PPV of 95.4% (970 of 1017; 
918 of 942 (97.5%) for the LDA and 52 of 75 (69.3%) for the 
random forest) and a NPV of 93.1% (163 of 175; 129 of 135 
(95.6%) for the LDA and 34 of 40 (85.0%) for the random 
forest); 7.3% (77 of 1059) of the patients with KD and 25.5% 
(72 of 282) FCs were classified as indeterminate (figure 1). 
Overall, 1.1% (12 of 1059) of the patients with KD and 16.7% 
(47 of 282) of FCs were misclassified by the algorithm (online 
supplementary appendix 3). Compared with the results of the 
single- centre study where the PPV, NPV, sensitivity, specificity, 
indeterminate KD and indeterminate FC were 93.7% (254 of 
271), 98.3% (114 of 116), 94.8% (254 of 268), 70.8% (114 
of 161), 4.5% (12 of 268) and 18.6% (30 of 161), respectively, 
the PPV, NPV and sensitivity did not change significantly (PPV: 
p=0.3; NPV: p=0.052; sensitivity: p=0.1; Fisher’s exact test), 
while the specificity decreased (Fisher’s exact test p=0.008).Of 
the 1059 patients with KD, 184 were infants younger than 1 year 
and 90.8% (167 of 184) were classified correctly, 1.1% (2 of 
184) were misclassified and 8.2% (15 of 184) were indetermi-
nate (online supplementary appendix 4). Of patients with KD 
≥1 year, 91.8% (803 of 875) were classified correctly, 1.1% (10 
of 875) were misclassified and 7.1% (62 of 875) were indetermi-
nate. The algorithm did not show significantly different perfor-
mance between patients with KD in the two age groups (Fisher’s 
exact test p=0.9). The performance of the algorithm by age for 
the patients with KD for this multicentre study was similar to 
that in the single- centre study (95.9% of the infants (47 of 49; 
Fisher’s exact test p=0.7) and 94.5% of the patients ≥1 year 
(207 of 219; Fisher’s exact p=0.4) were classified correctly).

The algorithm performance was also examined in subgroups 
with different illness days (online supplementary appendix 4). 
The overall performance of the algorithm was worse for patients 
having 8–10 days of illness compared with those with <8 days of 
illness. Statistically significantly lower specificity was observed 
(Fisher’s exact test p<0.0001) while sensitivity, PPV and NPV 
were similar. This may in part be due to the fact that inflamma-
tory markers in patients with KD were more similar (ratio of 
median was getting closer to 1) to those of FCs at 8–10 days of 

illness as compared with those with <8 days of illness (online 
supplementary appendix 5).

There were 306 patients with KD who presented with three 
or less clinical criteria. Compared with its performance in KD 
patients with four or five clinical criteria, the algorithm had a 
lower sensitivity (72.2% vs 99.5%; Fisher’s exact test p<0.0001) 
and higher rate of misclassification (2.6% vs 0.5%; Fisher’s 
exact test p=0.007) in KD patients with three or fewer clinical 
criteria.

One or more variables had missing values for 630 of 1059 
(59.5%) patients with KD and 110 of 282 (39.0%) FCs. The 
algorithm was less sensitive in identifying KD patients with 
one or more missing variables as compared with patients with 
complete data. Sensitivity dropped from 94.7% to 89.5% 
(p=0.003), and the indeterminate rate of KD increased from 
4.4% to 9.2% (p=0.004).

Classification of Kd patients with coronary artery 
abnormalities
Coronary artery abnormalities were documented in 232 of the 
1059 patients with KD (21.9%). Of these, 13 (5.6%) were clas-
sified as indeterminate and 1 (0.4%) was misclassified (table 1). 
The misclassified patient had a maximum Z- score of 2.8 that 
resolved by 8 weeks after treatment. Of the 13 indeterminate 
patients, 11 met the AHA criteria for incomplete KD.6 The two 
remaining patients classified as indeterminate with abnormal 
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Figure 2 Percentage of KD and FC patients classified as indeterminate 
(A) stratified by the number of clinical criteria for KD and (B) stratified 
by less than or greater than 1 year. Age distribution was measured for 
patients with KD only. FC, febrile control; KD, Kawasaki disease.

Table 2 Distribution of the clinical signs among KD and FC patients in subcohorts manifesting 1, 2, 3 or ≥4 clinical criteria for KD

Clinical signs, n (%)

Clinical criteria*

1 2 3 ≥4

Kd, n=1
FC, 
n=71 Kd, n=64 FC, n=116 P value† Kd, n=241 FC, n=80 P value† Kd, n=753 FC, n=15 P value†

Cervical lymph node >1.5 cm 0 (0) 10 (14) 3 (5) 19 (16.4) 0.03 41 (17.0) 16 (20) 0.6 305 (40.5) 10 (67) 0.06

Rash 1 (100)‡ 45 (63) 36 (56) 75 (64.7) 0.3 189 (78.4) 66 (83) 0.5 736 (97.7) 14 (93) 0.3

Conjunctival injection 0 (0) 10 (14) 45 (70) 75 (64.7) 0.5 203 (84.2) 66 (83) 0.7 743 (98.7) 15 (100) 1

Extremity changes 0 (0) 1 (1) 13 (20) 13 (11.2) 0.1 102 (42.3) 30 (38) 0.5 697 (92.6) 10 (67) 0.004

Oropharyngeal changes 0 (0) 5 (7) 31 (48) 50 (43.1) 0.5 188 (78.0) 62 (78) 1 737 (97.9) 15 (100) 1

*Column totals exceed the number of patients because each feature is counted for each patient.
†Fisher’s exact test.
‡six- month male patient with dilated coronary arteries.
FC, febrile control; KD, Kawasaki disease.

echocardiograms had a maximum Z- score of 3.9 that resolved 6 
weeks after treatment and a maximum Z- score of 2.14.

Characteristics of the patients classified as indeterminate
All subjects (77 KD and 72 FCs) classified as indeterminate by 
the algorithm had two or three clinical criteria (figure 2). Of the 
77 patients with KD, 15 were <1 year of age. The algorithm 
performed equally well in both age groups (p=0.9): 15 of 184 
(8.2%) of the patients with KD <1 year and 62 of 875 (7.1%) of 
the patients ≥1 year were classified as indeterminate.

univariable analysis of clinical and laboratory test variables
The majority of the patients with KD (753 of 1059, 71.1%) had 
four or five principal clinical criteria, and more than half (187 
of 282, 66.3%) of FCs had one or two principal clinical criteria 
(table 2). Most of the laboratory test variables except illness day, 

ALT and immature neutrophils differed significantly between 
patients with KD and FCs in all three subcohorts (table 3).

Comparison of clinical and laboratory data between single-
centre and multicentre study
The frequencies of the five principal criteria were similar to those 
in the single- centre validation dataset of the algorithm except for 
rash and conjunctival injection (online supplementary appendix 
6). Distribution of illness days and immature neutrophils was 
significantly different in this multicentre cohort compared with 
the single- centre cohort for both KD subjects and FCs. Neutro-
phils, lymphocytes, monocytes, CRP and GGT were significantly 
different for patients with KD, and platelet count and ALT were 
significantly different for FCs between the two studies (online 
supplementary appendix 7).

FCs misclassified as KD in this study had many variables that 
were significantly different from the FCs in the single- centre 
study. In a comparison of the misclassified FCs in this study, 4 of 
6 clinical signs and 8 of 12 laboratory values were significantly 
increased or decreased (p<0.05) as compared with FCs in the 
single- centre study (online supplementary appendix 8 and 9).

dIsCussIOn
It is essential to diagnose KD early in the acute phase as early 
intervention with anti- inflammatory therapies can reduce the 
risk of developing coronary artery aneurysms.12 However, the 
diagnosis of KD remains difficult as the clinical signs overlap 
with those of other paediatric febrile illnesses. In this study, we 
validated a previously developed algorithm for differentiation of 
acute KD from other febrile illnesses using a blinded, multicentre 
cohort. The algorithm had a sensitivity of 91.6%, a specificity 
of 57.8%, a PPV of 95.4% and a NPV of 93.1%. Given that 
the true KD- to- FC ratio in a paediatric emergency department 
is estimated to be 1:10, the algorithm will certainly have a lower 
sensitivity and specificity in a real- world setting. Recognising 
this limitation, the algorithm still merits prospective testing in a 
setting in which patients with KD are rare and FCs are common 
to evaluate its potential utility as a physician support tool.

The algorithm identified 94.0% of patients with KD who 
developed coronary artery abnormalities, and only misclassified 
as FC one patient with a maximal Z- score of 2.8 whose coronary 
arteries remodelled within 8 weeks of diagnosis. The majority of 
patients with coronary artery abnormalities classified as indeter-
minate by the two- step algorithm would have been identified by 
the 2017 AHA algorithm for incomplete KD. Thus, our two- step 
algorithm and the AHA algorithm for incomplete KD could be 
useful if applied sequentially. Patients classified as indeterminate 
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Table 3 Univariable analysis of clinical and laboratory test variables in patients with KD and FCS who had two, three and at least four clinical 
criteria

Variable, median, IQr*

Two clinical criteria Three clinical criteria ≥4 clinical criteria

Kd (n=64) FC† (n=116) P value‡ Kd (n=241) FC (n=80) P value‡ Kd (n=753) FC (n=15) P value‡

Days of illness 7 (6,8) 5 (4,7) <0.0001 6 (5,8) 5 (4,7.3) 0.0006 6 (5,7) 5 (4,7) 0.3

Alanine 
aminotransferase, IU/L

36 (22,77.5) 34 (23,45.5) 0.4 33 (19,67) 30 (24.5,38.5) 0.4 50.5 (24,120.5) 33 (23,45) 0.2

C reactive protein, mg/dL 8.7 (4.8,16.1) 3.4 (1.5,6.9) <0.0001 9.23 (4.8,16.3) 3.1 (1.6,6.2) <0.0001 8.1 (4.9,16) 3.6 (1,5.9) <0.0001

Eosinophils, % 2 (1,5.7) 0.6 (0,2) <0.0001 2.1 (1,4) 0.05 (0,1.2) <0.0001 2 (1,5) 1 (0,2) 0.008

Erythrocyte 
sedimentation rate, mm/
hour

61 (47.5,88) 30 (12.5,52) <0.0001 62 (43.5,89) 30 (15.8,52) <0.0001 57 (42,79) 29 (11.5,47) 0.0002

Gamma- glutamyl 
transferase, IU/L

30.5 (18,127.8) 16 (12,22) 0.001 35 (17,111) 16 (12.8,19.3) <0.0001 57 (20,136) 12 (10,16) <0.0001

Haemoglobin 
concentration, g/dL

10.8 (10.2,11.4) 12.1 (11.3,12.7) <0.0001 10.9 (10,11.7) 12 (11.4,12.8) <0.0001 11.2 (10.4,12) 12.4 (12.15,12.9) <0.0001

Immature neutrophils, % 5 (0.3,8.8) 3 (1,9) 0.6 4 (0,12) 3 (0,8) 0.7 7 (0,17) 6.5 (0.3,11.8) 0.7

Lymphocytes, % 22 (12.5,32.3) 29 (18,42.5) 0.003 22 (15,33) 32.5 (18.8,48) 0.0001 18 (10,29) 30 (19,39) 0.01

Monocytes, % 5.1 (3.9,8.5) 8 (4.1,10.3) 0.02 6 (3,8.7) 8 (5.8,12) 0.0001 5 (3,7) 8 (6.5,11) 0.004

Neutrophils, % 63 (51.8,73.2) 52.5 (35.3,66.2) 0.0007 60.5 (50.5,70.8) 47.2 (33.5,64.3) <0.0001 65 (52.6,75) 55 (32,65.7) 0.006

Platelet count, 103/mm3 413 (323.5,495) 248 (187,301.5) <0.0001 356.5 (267.8,446.5) 252 (182,347.5) <0.0001 349 (278,429) 179.5 (100.8,281.3) <0.0001

White cell count, 103/
mm3

12.9 (10.1,16.4) 9.4 (6.9,13.5) <0.0001 13.1 (10.3,16.9) 10.4 (7,13.5) <0.0001 13.5 (10.3,17.3) 7.8 (4.3,11.2) <0.0001

Distribution of each variable was compared between the patients with KD and FC. Mann–Whitney U test was used to calculated p values.
*interquartile range.
†febrile controls.
‡Mann–Whitney U test.
KD, Kawasaki disease.

could be referred for evaluation by a specialist with expertise in 
KD. Future versions of the algorithm could aid the clinician by 
assigning a probability of KD rather than rendering categorical 
classifications.

The performance of the algorithm was similar to that of the 
single- centre validation study in terms of sensitivity, PPV and 
NPV, as well as in subgroups divided by age and illness days. 
However, the specificity decreased significantly for patients 
having 8–10 days of fever at presentation, in part due to labora-
tory values becoming more similar between KD and FC patients. 
Since an important goal of the algorithm is to enable IVIG 
administration in the early phase of the disease, the fact that the 
algorithm had better performance in patients with fewer illness 
days makes it a potentially more useful tool to ensure missing 
fewer patients earlier in the course of illness.10

We recognise both strengths and weaknesses in this study. The 
algorithm performed well with FCs who shared many clinical 
characteristics with our patients with KD, thus demonstrating its 
potential clinical utility across a broad range of similar appearing 
illnesses. However, in this multicentre study, the specificity 
dropped to 57.8% from 70.8% in the single- centre study, in part 
due to a higher percentage of FCs with many clinical and labo-
ratory variables that were more similar to patients with acute 
KD. Some of these variables had large weights in the algorithm, 
including extremity changes, conjunctival injection, oropharyn-
geal changes, days of illness and WCC. Application of machine 
learning in future versions of the algorithm may improve the 
specificity and reduce the number of patients classified as inde-
terminate. Information on race was not collected, and FCs were 
only available from two participating sites, which limited our 
ability to assess patient characteristics and their association with 
algorithm performance. In this multicentre study, we had a 
larger number of patients with KD than FCs, and the frequency 
of KD patients in a prospective study in the emergency depart-
ment setting will be much lower, which will undoubtedly worsen 
the performance of this algorithm. The actual ratio of KD- to- FC 

patients who would be screened for KD is not known. We are 
planning a multicentre study in the emergency room setting to 
assess the prevalence of KD and prospectively evaluate the utility 
of this algorithm.

COnClusIOns
We assessed the performance of our two- step algorithm in a 
blinded, multicentre study. This work provides further support 
for moving forward with an adequately powered, multicentre 
study in the emergency department setting to assess if this algo-
rithm will be a useful clinical support tool.

Author affiliations
1Department of Cardiothoracic Surgery, Stanford University School of Medicine, 
Stanford, California, USA
2Clinical and Translational Research Program, Betty Irene Moore Children’s Heart 
Center, Lucile Packard Children’s Hospital, Palo Alto, California, USA
3Department of Surgery, Stanford University School of Medicine, Stanford, California, 
USA
4Department of Pediatrics, University of California San Diego, La Jolla, California, 
USA
5Rady Children’s Hospital, San Diego, California, USA
6Department of Pediatrics, University of Colorado School of Medicine, Denver, 
Colorado, USA
7Department of Pediatrics, Emory University, Atlanta, Georgia, USA
8Department of Cardiology, Boston Children’s Hospital, Boston, Massachusetts, USA
9Department of Pediatrics, Harvard Medical School, Boston, Massachusetts, USA
10Division of Immunology, Boston Children’s Hospital, Boston, Massachusetts, USA
11Department of Pediatrics, CHOC Children’s Hospital, Orange, California, USA
12Department of Pediatrics, Stanford University School of Medicine, Stanford, 
California, USA

Correction notice This paper has been amended since it was published online. We 
have corrected the spelling of author Jane W Newburger.

Collaborators Pediatric Emergency Medicine Kawasaki Disease Research Group 
(Pediatrics, University of California San Diego, La Jolla, California, USA; Rady 
Children’s Hospital, San Diego, California, USA): members include Amy Bryl, J 
Joelle Donofrio, Arit Edwin- Enyenihi, Michael Gardiner, Jim R Harley, Simon J Lucio, 
Margaret Nguyen, Kristy Schwartz, Seema Shah and Stacey Ulrich.

copyright.
 on M

arch 11, 2020 at S
tanford U

niversity. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/archdischild-2019-317980 on 5 M
arch 2020. D

ow
nloaded from

 

http://adc.bmj.com/


6 Hao S, et al. Arch Dis Child 2020;0:1–6. doi:10.1136/archdischild-2019-317980

Original research

Contributors SH, XBL, AHT and JCB designed the study. DBM, JB and HJC 
supervised the study. JTK, EB, SRD, HH, P- NJ, MSA, PJ, AB, MBS, JWN, NA, AHT and 
Pediatric Emergency Medicine Kawasaki Disease Research Group managed the data 
collection. SH, EB, and JCW did the data analyses and result interpretation. SH and 
AHT wrote the paper. All the authors critically reviewed the draft of the paper before 
submission.

Funding This work was funded in part by a grant from the Gordon and Marilyn 
Macklin Foundation (awarded to JB and AHT). Data for this study were collected at 
the coauthors’ home institutions and match their current affiliation, except for PJ 
where data were collected from Nationwide Children’s Hospital in Columbus, Ohio.

Competing interests None declared.

Patient consent for publication Not required.

ethics approval The study was approved by the institutional review board at each 
centre.

Provenance and peer review Not commissioned; externally peer reviewed.

data availability statement Data are available on reasonable request. For any 
request regarding the data access, please contact Dr Adriana H Tremoulet (tel: (858) 
246-0012; fax: (858) 246-0156; email:  atremoulet@ ucsd. edu).

RefeRences
 1 Uehara R, Belay ED. Epidemiology of Kawasaki disease in Asia, Europe, and the 

United States. J Epidemiol 2012;22:79–85.

 2 Newburger JW, Takahashi M, Burns JC, et al. The treatment of Kawasaki syndrome 
with intravenous gamma globulin. N Engl J Med 1986;315:341–7.

 3 Daniels LB, Gordon JB, Burns JC. Kawasaki disease: late cardiovascular sequelae. Curr 
Opin Cardiol 2012;27:572–7.

 4 Kato H, Sugimura T, Akagi T, et al. Long- Term consequences of Kawasaki disease. A 
10- to 21- year follow- up study of 594 patients. Circulation 1996;94:1379–85.

 5 Ogata S, Tremoulet AH, Sato Y, et al. Coronary artery outcomes among children with 
Kawasaki disease in the United States and Japan. Int J Cardiol 2013;168:3825–8.

 6 McCrindle BW, Rowley AH, Newburger JW, et al. Diagnosis, treatment, and long- term 
management of Kawasaki disease: a scientific statement for health professionals from 
the American heart association. Circulation 2017;135:e927–99.

 7 Tulloh RMR, Mayon- White R, Harnden A, et al. Kawasaki disease: a prospective 
population survey in the UK and ireland from 2013 to 2015. Arch Dis Child 
2019;104:640–6.

 8 Anderson MS, Todd JK, Glodé MP. Delayed diagnosis of Kawasaki syndrome: an 
analysis of the problem. Pediatrics 2005;115:e428–33.

 9 Hao S, Jin B, Tan Z, et al. A Classification Tool for Differentiation of Kawasaki Disease 
from Other Febrile Illnesses. J Pediatr 2016;176:114–20.

 10 Newburger JW, Takahashi M, Gerber MA, et al. Diagnosis, treatment, and long- term 
management of Kawasaki disease: a statement for health professionals from 
the Committee on rheumatic fever, endocarditis and Kawasaki disease, Council 
on cardiovascular disease in the young, American heart association. Circulation 
2004;110:2747–71.

 11 Ling XB, Kanegaye JT, Ji J, et al. Point- Of- Care differentiation of Kawasaki disease 
from other febrile illnesses. J Pediatr 2013;162:183–8.

 12 Burns JC. New perspectives on Kawasaki disease. Arch Dis Child 2019;104:616–7.

copyright.
 on M

arch 11, 2020 at S
tanford U

niversity. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/archdischild-2019-317980 on 5 M
arch 2020. D

ow
nloaded from

 

http://dx.doi.org/10.2188/jea.JE20110131
http://dx.doi.org/10.1056/NEJM198608073150601
http://dx.doi.org/10.1097/HCO.0b013e3283588f06
http://dx.doi.org/10.1097/HCO.0b013e3283588f06
http://dx.doi.org/10.1161/01.cir.94.6.1379
http://dx.doi.org/10.1016/j.ijcard.2013.06.027
http://dx.doi.org/10.1161/CIR.0000000000000484
http://dx.doi.org/10.1136/archdischild-2018-315087
http://dx.doi.org/10.1542/peds.2004-1824
http://dx.doi.org/10.1016/j.jpeds.2016.05.060
http://dx.doi.org/10.1161/01.CIR.0000145143.19711.78
http://dx.doi.org/10.1016/j.jpeds.2012.06.012
http://dx.doi.org/10.1136/archdischild-2018-316322
http://adc.bmj.com/

	Multicentre validation of a computer-based tool for differentiation of acute Kawasaki disease from clinically similar febrile illnesses
	Abstract
	Introduction
	Material and methods
	Study design
	Study population
	Two-step algorithm for differentiation of KD and FCs
	Algorithm performance in the multicentre study

	Results
	Patient characteristics
	Classification results and comparison with the single-centre study validation results
	Classification of KD patients with coronary artery abnormalities
	Characteristics of the patients classified as indeterminate
	Univariable analysis of clinical and laboratory test variables
	Comparison of clinical and laboratory data between single-centre and multicentre study

	Discussion
	Conclusions
	References


