
Supplementary Methods 

 

Case Definitions [1–3] 

 Kawasaki disease (KD) was diagnosed using American Heart Association (AHA) criteria [4], 

with 2-dimensional echocardiography performed soon after presentation (2 and 6 weeks after onset). 

Patients with fewer than 4 of the 5 classic criteria (bilateral nonpurulent conjunctivitis, oral mucosal 

changes, cervical lymphadenopathy >1.5 cm, peripheral extremity changes and rash) were included 

as having incomplete KD if the maximum coronary artery z score (Zmax) (standard deviation units 

from the mean internal diameter normalized for body surface area) at any time during the illness for 

the left anterior descending or right coronary arteries was 2.5 or higher or if the patients satisfied the 

algorithm for incomplete KD in the American Heart Association guidelines. Patients were classified 

as having normal (Zmax <2.5), small (Zmax 2.5 to <5.0), or large (Zmax ≥5.0) CAAs.  
Definite bacterial (DB) classification was conditional upon the isolation of a pathogenic 

bacteria from a sterile site (blood, CSF, pleural space, joint, urine), and a clinical syndrome in keeping 

with the identified bacterial species. Children diagnosed with other bacterial infections (e.g., 

mycoplasma, pertussis, mycobacteria) were not included in this group. Identification of bacteria in a 

sterile-site sample was taken as conclusive evidence for a confirmed bacterial infection, omitting the 

need for thresholds for inflammatory markers.  

Definite viral (DV) classification was conditional upon the identification of a virus matching 

the syndrome and no evidence of bacterial coinfection. To avoid inclusion of children with occult 

bacterial infection, thresholds of inflammatory markers were used. C-reactive protein (CRP) levels 

≤60mg/L and neutrophil counts ≤12 x 109/L were required for DV classification.  

 

Generation of mass spectrometry proteomic dataset 

Prior to proteomic quantification using LC-MS/MS in the discovery dataset, a top 12 

abundant protein depletion spin column (Catlog number 85165, ThermoFisher Scientific) was used to 

remove 12 high abundance proteins: α1-acid glycoprotein, α1-antitrypsin, α2-macroglobulin, 

albumin, apolipoprotein A-I, apolipoprotein A-II, fibrinogen, haptoglobin, IgA, IgG, IgM and 

transferrin. Ten microliters of plasma were added into each depletion column. Immunodepletion 

cartridges were rotated at 20 rpm for 1 hour to maxmise immunoaffinity binding. The flow-through 

was collected by spinning the samples at 1000 g for 1 minute. To concentrate proteins in flow through, 

trichloroacetic acid (TCA) protein precipatation was followed by adding 60 µ l of 100% TCA into the 

T12-abundant depleted samples. Six microliters of 2% sodium deoxycholate (DOC) were added into 

TCA samples and kept at -80 °C for 1 hour. Samples were centrifuged at 13000 g for 30 minutes at 4 

°C and the supernatants were discarded. Eight hundred microliters of cold acetone (100%) was added 

to each sample, incubated at -20 °C for 1 hour and centrifuged at 13000 g for 30 minutes. The protein 

pellet samples were resuspended in 60 µl of 4M urea (pH 7.4 mM Tris). For total protein 

quantification of the depleted samples, bicinchoninic acid (BCA) protein assays was used 

(ThermoFisher Scientific). Following protein quantification, the proteins were digested at 70° 

(denaturing condition) by thermo stable trypsin using the SMART digestion kit (ThermoFisher 

Scientific). After peptide clean up, 0.5 µg of peptides were injected into a LC-MS/MS (LUMOS Fusion, 

Thermo Fisher scientific) at the Oxford proteomic facility. Samples were ordered according to disease 

group (bacterial, viral groups were run ahead of KD group). To avoid bias by system error, the 

performance of LC-MS/MS (sensitivity of detection, retention time shifting, number of proteins 

identified) were monitored by running a quality control sample (pool of all individual samples) every 

10 samples within batch. A blank in between runs was included cross entire batch which cleans the 

column and  avoid sample carry over.  

The raw dataset files were processed by MaxQuant (1.6.10.43) [5] based on default settings 

with matching between runs activated (20 minutes tolerance) and contaminants included. The FDR 

cut-off for proteins and peptides was 1% with razor protein FDR enabled and the variable 

modifications were methionine oxidation and protein N-terminal acetylation. Maximum peptide 



mass was 4600 Da. Second peptide search was enabled. Relative quantification was performed using 

the MaxLFQ algorithm [6].  

 

Supplementary Results  

 

Differential abundance analysis results 

Supplementary File 1 (S1_KD_vs_HC_Features.xlsx) contains the genes and proteins 

significantly differentially abundant between KD and healthy controls 

 

Pathway analysis results 

 Supplementary Files 2-5 all contain uniqueness and dispensability metrics for pathway 

analysis. These are both terms returned by REVIGO [7] that quantify the extent to which a GO term is 

an outlier compared to the rest of the group (uniqueness), and the similarity of a GO term to other 

semantically close terms (dispensability). 

Supplementary File 2 (S2_Pathways_Disease_Groups.xlsx) contains the pathways 

upregulated or downregulated when comparing KD vs healthy controls, definite bacterial vs healthy 

controls and definite viral vs healthy controls.  

Supplementary File 3 (S3_Pathways_Clusters_Transcriptomics.xlsx) contains the pathways 

upregulated or downregulated when comparing the KD patients within the 3 different clusters 

identified in the transcriptomic dataset through K-Means clustering applied to KD, bacterial and viral 

patients.  

Supplementary File 4 (S4_Pathways_KD_Clusters_Transcriptomics.xlsx) shows the pathways 

upregulated or downregulated when comparing the KD patients within the 3 different clusters 

identified in the transcriptomic dataset through K-Means clustering applied to KD patients alone.  

Supplementary File 5 (S5_Pathways_KD_Clusters_Proteomics.xlsx) shows the pathways 

upregulated or downregulated when comparing the KD patients within the 3 different clusters 

identified in the proteomic dataset through K-Means clustering applied to KD patients alone.  

 

K-Means clustering 

 K-Means clustering was applied to KD, bacterial and viral samples, and separately to KD 

samples alone. When KD, bacterial and viral transcriptomic samples were subjected to K-Means 

clustering without having removed the contribution of immune cell proportions, two clusters were 

optimal, and these clusters corresponded strongly to immune cell proportions (Fig. S3). Cluster 1 

contained patients with low lymphocyte proportions and high neutrophil, mast cell and monocyte 

proportions. Cluster 2 contained patients with high lymphocyte proportions and low neutrophil, 

mast cell and monocyte proportions. The same pattern was observed when K-Means clustering was 

applied to the KD samples alone where 2 clusters was also optimal (Fig. S4).  

 When clustering was applied to the corrected data for KD, bacterial and viral transcriptomic 

samples, 3 clusters were optimal. When clustering was applied to the KD proteomic samples, 2 

clusters were optimal. WBC counts and CRP levels were highest for transcriptomic KD samples in 

cluster 3 (Fig. S5), in which the majority of the bacterial samples was found. Since there were only 2 

KD proteomic samples in cluster 2, it is difficult to make comparisons between the clusters, however 

both KD samples in this cluster, which contained the majority of the viral samples, have lower CRP 

(Fig. S6).  

When clustering was applied to the corrected data for KD patients alone, 3 clusters were 

optimal on both ‘omic levels. For the transcriptomics, CRP levels and, to a lesser extent, WBC counts 

were highest in cluster KD1-T (Fig. S7), in which various viral-associated pathways were also down 

regulated.  Given the small number of KD samples in some of the proteomic clusters (Fig. S8), it is 

harder to compare the levels of CRP and WBC counts between clusters. The levels of CRP appear to 

be slightly higher in cluster KD1-P, in which an enrichment of pathways previously identified in 

proteomic bacterial samples was observed. The highest WBC counts were observed in cluster KD2-P.  



 

 

Classifier 

Two independent classifiers were built that return the probability of a patient being viral or 

bacterial. Lasso regularised regression [8] was used to identify the discriminatory features for each 

classifier. The abundance of these features was used to calculate a disease risk score (DRS). Only 

features with concordant LFC and Lasso weight direction were used to calculate the DRS.  

Of the 38 genes selected by Lasso for the transcriptomic bacterial classifier, 26 have increased 

abundance in bacterial patients compared to viral and healthy controls, and 12 have decreased 

abundance in bacterial patients (Table S4). All genes had concordant LFC and Lasso weight 

directions, therefore all genes listed in table S4 were used to calculate the bacterial DRS (DB-DRS) in 

the transcriptomic dataset.  

Of the 32 genes selected by Lasso for the transcriptomic viral classifier, 13 have increased 

abundance in viral patients compared to bacterial and healthy controls, and 19 have decreased 

abundance in bacterial patients (Table S5). All genes had concordant LFC and Lasso weight 

directions, therefore all genes listed in table S5 were used to calculate the viral DRS (DV-DRS) in the 

transcriptomic dataset. Only one gene was selected in both classifiers: Cytochrome b reductase 

(CYBRD1) which has increased abundance in bacterial patients.  

Of the 26 proteins selected by Lasso for the proteomic bacterial classifier, 12 have increased 

abundance in bacterial patients compared to viral and healthy controls, and 14 have decreased 

abundance in bacterial patients (Table S6). 8 proteins (indicated in table S6 by * next to Uniprot IDs) 

had discordant LFC and Lasso weight directions. These proteins were not used to calculate the DRS.   

Of the 20 proteins selected by Lasso for the proteomic viral classifier, 11 have increased 

abundance in viral patients compared to bacterial and healthy controls, and 9 have decreased 

abundance in viral patients (Table S7). 3 proteins (indicated in table S7 by * next to Uniprot IDs) had 

discordant LFC and Lasso weight directions. These proteins were not used to calculate the DRS.   

15 proteins were selected by both Lasso regression models, 6 of which had higher abundance 

in bacterial patients (FA9, AACT, CO5, KNG1, APOD, ITIH4, CBPB2) and 9 of which had higher 

abundance in viral patients (NCHL1, FCN3, PLMN, ANT3, SAMP, FETUA, VTNC, IC1, CLUS). One 

protein, THBG, had positive Lasso weights in both models, indicating that its abundance was 

increased in both bacterial and viral samples. This protein was retained for the viral classifier as its 

LFC and Lasso weight directions were concordant, unlike in the bacterial classifier. There were no 

features for which both of the protein and gene pair were selected.  

Figure S9 shows the number of KD samples classified as bacterial or viral, both, or neither for 

the transcriptomic (A) and proteomic (B) datasets.  
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