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ABSTRACT
Kawasaki disease (KD), also known as mucocutaneous lymph node syndrome, is a leading cause of vasculitis in children aged 
< 5 years. The HLA complex has been investigated for its association with KD since 1978 without conclusive results due to limita-
tions such as small sample sizes. This study aimed to evaluate the associations and genetic linkage between HLA-DRB1 and KD, 
as well as its complications. The case-control and family-based studies enrolled 795 patients with KD and 946 healthy controls. 
Of the 795 patients, 180 trios were included. Genotypes of HLA-DRB1 were identified by sequence-based typing according to 
the International ImMunoGeneTics database. Allele frequencies were calculated using PyPop 7.0. The transmission/disequilib-
rium test (TDT) was used to verify the genetic linkage between HLA-DRB1 and KD. HLA-DRB1*15:01 was significantly associ-
ated with KD (OR, 1.44, Pc = 0.03) and with KD without CALs (OR = 1.46, Pc = 0.04). HLA-DRB1*14:01 was a risk factor for KD 
with CALs (OR = 2.47, Pc = 0.004) whereas HLA-DRB1*12:02 was a protective factor against CALs (OR = 0.49, Pc = 0.01). In the 
family-based study, HLA-DRB1*15:01 demonstrated significant overtransmission to KD patients (OR = 3.35; 95% CI, 2.20–5.78; 
Pc = 1.19E-06) and to KD patients without CALs (OR = 4.42; 95% CI, 2.59–10.08; Pc = 6.24E-06). The overtransmission remained 
significant in male KD patients (OR = 2.81; 95% CI, 1.68–5.58; Pc = 0.003), and in male KD patients without CALs (OR = 3.22; 
95% CI, 1.69–8.84; Pc = 0.02). Our study identified significant associations between HLA-DRB1*15:01, *14:01, and *12:02 with 
KD. The association between HLA-DRB1*15:01 and KD was further verified by TDT, indicating a genetic linkage between the 
HLA-DRB1 locus and KD susceptibility.

1   |   Introduction

Kawasaki disease (KD, ICD-10CM: M30.3; OMIM 611775), or 
mucocutaneous lymph node syndrome, is a systemic vasculitis 

characterised by inflammation of blood vessels, mostly affect-
ing children aged < 5 years [1, 2]. The latest incidence of KD 
in Japan and Korea is > 200 per 100,000 which is the highest 
worldwide. Our country ranks 3rd after Japan and Korea as > 50 
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per 1,000,000 children < 5 years old [3]. Clinical presentation in-
cludes prolonged fever lasting over 5 days, insensitivity to antibi-
otic treatment, strawberry tongue, lymphadenopathy, swelling 
and erythema of hands and feet, bilateral conjunctivitis, poly-
morphous skin rash, oral inflammation, and coronary artery le-
sions (CALs) [4]. The most serious complication involves CALs 
including dilatation and aneurysms, which develop in approxi-
mately 15%–25% of untreated patients [4]. Intravenous immuno-
globulin (IVIG), aspirin, and steroids are the treatments for KD. 
Even with IVIG therapy, CALs may still develop in around 5% of 
patients [5]. Currently, KD is the leading cause of acquired heart 
disease in children [6, 7].

HLA plays a crucial role in the immune system and its associ-
ation with KD has been investigated since 1978 [8]. The HLA 
subtypes associated with KD vary according to ethnicity [9]. 
HLA-B54 and -Bw22 have been reported in Japanese popu-
lations and -Bw51 in Caucasian and Jewish groups [8, 10, 11]. 
Although becoming not significant after application of correc-
tions for multiple comparisons, HLA-B35, -B75, and -Cw09 
were reportedly associated with KD; and HLA-DRB1*11 and -
DRB1*09 with CALs in Korean KD patients [12]. We also found 
HLA-MICA A4 significantly associated with CALs, which was 
later validated by a genome-wide association case-control study 
in another Taiwanese population [13, 14]. Ye et al. confirmed the 
involvement of CD25, CD69 and HLA-DR on CD4+ and CD8+ T 
cells in KD pathogenesis. The percentage of CD8+ HLA-DR+ T 
cells serves for predicting IVIG responsiveness [15]. However, 
these previous studies on the associations between HLA and 
KD have limitations, such as small sample sizes, low genotyp-
ing resolution, and limited variant coverage. Additionally, many 
found no associations, potentially owing to these methodolog-
ical constraints [12, 14, 16–20]. Based on these previous stud-
ies, HLA-DRB1 may play an important role in KD susceptibility 
and warrant exploration in a large population. Therefore, we 
performed this study to evaluate the associations of HLA-DRB1 
with KD susceptibility and CALs, and the allele transmission 
analysed by the transmission/disequilibrium test (TDT) in a 
large Taiwanese population.

2   |   Material and Methods

2.1   |   Subjects

This case-control study included 795 patients with KD (476 
males and 319 females). Of these, 225 (159 males and 66 fe-
males) had CALs; 180 (64 with CALs; 48 males) had their par-
ents forming trios for the family-based study using the TDT. The 

diagnosis of KD was based on the American Heart Association 
diagnostic criteria for KD [4]. Treatment regimens included as-
pirin, IVIG, and/or steroids. All patients underwent echocardi-
ography during the acute stage and before discharge. CALs were 
defined as coronary arteries with a diameter of ≥ 3 mm in chil-
dren aged < 5 years or ≥ 4 mm in children aged ≥ 5 years or with 
a border-to-border inner diameter of > 1.5 times that of an adja-
cent segment. Echocardiograms were interpreted by a paediatric 
cardiologist (Ming-Ren Chen). We recruited 946 healthy indi-
viduals (489 males and 457 females) free from KD who served 
as the control group. They were from among hospital personnel 
or individuals undergoing routine health examinations or minor 
surgery. None had a history of asthma, diabetes, or autoimmune 
diseases. Ages were recorded for 734 (12.3 ± 10.2, 0.1–59.6 years), 
but the remaining 212 were only noted to be adults (Table 1). 
All patients and controls were ethnic Chinese living in Taiwan 
[21]. This study was followed by the declaration of Helsinki and 
approved by the Institute Review Board of MacKay Memorial 
Hospital (18MMHIS185, 21MMHIS123e, 21MMHIS363e, and 
24MMHIS540e).

2.2   |   HLA Genotyping and Identification

Genomic DNA for HLA typing was extracted from whole blood 
samples of all participants following the manufacturer's guide-
lines (Qiagen, Maryland, MD, USA). The DNA specimens were 
genotyped using HLAssure SE sequence-based typing kit (TBG 
Biotechnology Corp., Taiwan). The genotypes were determined 
by using the International ImMunoGeneTics database (https://​
www.​ebi.​ac.​uk/​ipd/​imgt/​hla/​) [22]. At least two-field resolution 
of HLA-DRB1 alleles was identified. In this study, a two-field 
resolution was used for the analysis.

2.3   |   Statistical Analysis

Allele frequencies and the Hardy–Weinberg equilibrium (HWE) 
were determined using PyPop 0.7.0 [23]. Differences in allele fre-
quencies between patients and controls were assessed using the 
Chi-square test with Yates correction or Fisher's exact test where 
appropriate (one expected number < 5). Odds ratios (ORs) and 95% 
confidence intervals (CIs) were calculated for each comparison 
[24]. The Bonferroni correction was applied for multiple compar-
isons, Pc = 1 − (1 − P)n, where Pc is the corrected p-value, P is the 
uncorrected value and n is the number of comparisons. After ver-
ifying family relationships, allele transmission with KD or CALs 
was tested using TDT by assessing the deviation from 50% of the 
transmission from parents to affected children (comparing the 

TABLE 1    |    Demography of Kawasaki disease patients and control subjects.

Kawasaki disease 
N = 795 (%)

Without CALs 
N = 570 (%)

With CALs 
N = 225 (%) Controls N = 946 (%)

Male 476 (59.9) 317 (55.6) 159 (70.7) 489 (51.7)

Female 319 (40.1) 253 (44.4) 66 (29.3) 457 (48.4)

Age at diagnosis or 
enrollment (year)

1.9 ± 1.6 1.9 ± 1.6 1.7 ± 1.6 12.3 ± 10.2 (734 controls)

Abbreviation: CALs, coronary artery lesions.
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alleles transmitted to affected individuals to those not transmit-
ted) [25–27]. A Pc value of < 0.05 indicated statistical significance.

3   |   Results

HLA-DRB1 loci were successfully genotyped in all study par-
ticipants. HLA-DRB1*15:01 was significantly associated with 
KD compared with controls (OR, 1.44, Pc = 0.03, Table  2). 
Upon stratification by CALs, the association remained sig-
nificant in KD patients without CALs (OR = 1.46, Pc = 0.04, 
Table 2). Furthermore, HLA-DRB1*14:01 was a risk factor for 
KD with CALs (OR = 2.47, Pc = 0.004, Table 2) whereas HLA-
DRB1*12:02 was a protective factor against CALs (OR = 0.49, 
Pc = 0.01, Table 2). However, HLA-DRB1*14:01 and *12:02 were 
only marginally associated with CALs when comparing KD 
patients with CALs with those without CALs (Table  S1). In 
males, HLA-DRB1*15:01 was a significant risk factor for KD 
when comparing patients with controls (OR = 1.73, Pc = 0.01, 
Table 3) and when comparing KD patients without CALs with 

controls (OR = 1.82, Pc = 0.009 Table  3). HLA-DRB1*14:01 
remained significantly associated with CALs (OR = 3.04, 
Pc = 0.006, Table 3), but not HLA-DRB1*12:02. The association 
between HLA-DRB1*14:01 and CALs did not remain signifi-
cant in male KD patients (Table S2). Furthermore, no alleles 
showed a significant association with KD or CALs in the fe-
male patients (Table  S3). Additionally, there were no signifi-
cant differences in allele frequencies between male and female 
patients (Table S4).

In the family-based study involving 180 trios, HLA-DRB1*15:01 
demonstrated significant overtransmission to KD patients 
(OR = 3.35; 95% CI, 2.20–5.78; Pc = 1.19E-06, Table  4). This 
overtransmission remained significant in KD patients without 
CALs (OR = 4.42; 95% CI, 2.59–10.08; Pc = 6.24E-06), in male 
KD patients (OR = 2.81; 95% CI, 1.68–5.58; Pc = 0.003), and in 
male KD patients without CALs (OR = 3.22; 95% CI, 1.69–8.84; 
Pc = 0.02, Table  4). In contrast, HLA-DRB1*14:01 and *12:02 
showed no significant deviation from the expected transmis-
sion (Table 4).

TABLE 2    |    Distribution of HLA-DRB1 alleles in children with Kawasaki disease and controls.a

DRB1 
allele KD n (%)

Without 
CALs n (%)

With 
CALs 
n (%)

Controls 
n (%)

KD vs. 
controls

Without CALs 
vs. controls

With CALs 
vs. controls

OR Pc OR Pc OR Pc

03:01 113 (7.1) 81 (7.1) 32 (7.1) 159 (8.4)

04:03 37 (2.3) 29 (2.5) 8 (1.8) 69 (3.6)

04:04 11 (0.7) 9 (0.8) 2 (0.4) 19 (1.0)

04:05 120 (7.5) 84 (7.4) 36 (8.0) 129 (6.8)

04:06 47 (3.0) 33 (2.9) 14 (3.1) 46 (2.4)

07:01 45 (2.8) 32 (2.8) 13 (2.9) 50 (2.6)

08:03 153 (9.6) 115 (10.1) 38 (8.4) 156 (8.2)

09:01 240 (15.1) 163 (14.3) 77 (17.1) 314 (16.6)

11:01 100 (6.3) 70 (6.1) 30 (6.7) 142 (7.5)

12:01 59 (3.7) 42 (3.7) 17 (3.8) 68 (3.6)

12:02 137 (8.6) 112 (9.8) 25 (5.6) 203 (10.7) 0.49 0.01

13:02 54 (3.4) 35 (3.1) 19 (4.2) 47 (2.5)

14:01 60 (3.8) 35 (3.1) 25 (5.6) 44 (2.3) 2.47 0.004

14:05 29 (1.8) 18 (1.6) 11 (2.4) 44 (2.3)

14:54 19 (1.2) 19 (1.7) 0 (0.0) 22 (1.2)

15:01 173 (10.9) 126 (11.1) 47 (10.4) 148 (7.8) 1.44 0.03 1.46 0.04

15:02 39 (2.5) 26 (2.3) 13 (2.9) 39 (2.1)

16:02 73 (4.6) 53 (4.6) 20 (4.4) 103 (5.4)

Othersb 81 (5.1) 62 (5.4) 23 (5.1) 90 (4.8)

Total 1590 (100) 1140 (100) 450 (100) 1892 (100)

Note: HWE: p = 0.17 in KD; p = 0.64 in KD without CALs; p = 0.67 in KD with CALs; p = 0.15 in controls. The correction number is 18 excluding others.
Abbreviations: KD, Kawasaki disease; OR, odds ratio; Pc, Bonferroni corrected p-value.
aBold indicates statistical significance (Pc < 0.05).
bOthers include DRB1*01:01, 02:02, 04:01, 04:02, 04:07, 04:10, 05:01, 08:02, 08:09, 10:01, 11:04, 11:06, 13:01, 13:12, 13:19, 14:02, 14:03, 14:04, 14:07, 14:18, 14:43, 14:101, 
15:04, and 16:01, each with a frequency of < 1% in both cases and controls across all comparisons, and therefore excluded from the statistical analysis.
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TABLE 3    |    Distribution of HLA-DRB1 alleles in male Kawasaki disease patients and male controls.a

DRB1 
allele

Male KD 
n (%)

Male KD 
without 

CALs n (%)

Male KD 
with CALs 

n (%)

Male 
controls 

n (%)

Male KD 
vs. Male 
Controls

Male KD 
without CLAs 

vs. Male 
Controls

Male KD 
with CALs 

vs. Male 
Controls

OR Pc OR Pc OR Pc

03:01 69 (7.2) 46 (7.3) 23 (7.2) 92 (9.4)

04:03 20 (2.1) 14 (2.2) 6 (1.9) 39 (4.0)

04:05 68 (7.1) 46 (7.3) 22 (6.9) 61 (6.2)

04:06 32 (3.4) 20 (3.2) 12 (3.8) 22 (2.2)

07:01 21 (2.2) 15 (2.4) 6 (1.9) 27 (2.8)

08:03 89 (9.3) 66 (10.4) 23 (7.2) 83 (8.5)

09:01 141 (14.8) 87 (13.7) 54 (17.0) 174 (17.8)

11:01 58 (6.1) 37 (5.8) 21 (6.6) 71 (7.3)

12:01 40 (4.2) 25 (3.9) 15 (4.7) 37 (3.8)

12:02 82 (8.6) 65 (10.3) 17 (5.3) 94 (9.6)

13:02 32 (3.4) 19 (3.0) 13 (4.1) 25 (2.6)

14:01 36 (3.8) 17 (2.7) 19 (6.0) 20 (2.0) 3.04 0.006

14:05 22 (2.3) 13 (2.1) 9 (2.8) 27 (2.8)

14:54 9 (0.9) 9 (1.4) 0 (0.0) 13 (1.3)

15:01 109 (11.4) 76 (12.0) 33 (10.4) 68 (7.0) 1.73 0.01 1.82 0.009

15:02 27 (2.8) 17 (2.7) 10 (3.1) 22 (2.2)

16:02 49 (5.1) 32 (5.0) 17 (5.3) 54 (5.5)

Othersb 48 (5.0) 30 (4.7) 18 (5.7) 49 (5.0)

Total 952 (100) 634 (100) 318 (100) 978 (100)

Note: HWE: p = 0.16 in male KD; p = 0.12 in male KD without CALs; p = 0.53 in male KD with CALs; p = 0.25 in controls. The correction number is 17 excluding others.
Abbreviations: KD, Kawasaki disease; OR, odds ratio; Pc, Bonferroni corrected p-value.
aBold indicates statistical significance (Pc < 0.05).
bOthers include DRB1*01:01, 04:01, 04:02, 04:04, 04:07, 04:10, 08:02, 08:09, 10:01, 11:04, 11:06, 13:01, 13:12, 14:03, 14:04, 14:07, 14:18, 15:04, and 16:01, each with a 
frequency of < 1% in both cases and controls across all comparisons, and therefore excluded from the statistical analysis.

TABLE 4    |    Transmission/disequilibrium test for DRB1 allele in families of children with KD.a

Phenotype DRB1 allele Trio N T no. (%) U no. OR (95% CI) χ2 p Pc

KD 15:01 180 77 (77.0) 23 3.35 (2.20–5.78) 29.2 6.66E-08 1.19E-06

KD without CALs 15:01 116 53 (79.0) 12 4.42 (2.59–10.08) 25.9 3.67E-07 6.24E-06

KD with CALs 14:01 64 6 (75.0) 2

KD with CALs 12:02 64 6 (28.0) 15

KD (Male) 15:01 117 45 (73.0) 16 2.81 (1.68–5.58) 13.8 2.05E-04 0.003

KD without CALs (male) 15:01 69 29 (76.0) 9 3.22 (1.69–8.84) 10.5 1.18E-03 0.02

KD with CALs (male) 14:01 48 5 (71.0) 2

KD with CALs (male) 12:02 48 4 (33.3) 8

Note: The correction number is 18 in KD, with and without CALs, male with and without CALs; 17 in KD (male), KD without CALs (male).
Abbreviations: CALs, coronary artery lesions; CI, confidence interval; KD, Kawasaki disease; OR, odds ratio; Pc, Bonferroni corrected p-value; T, transmitted; U, 
untransmitted.
aBold indicates statistical significance (Pc < 0.05).
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4   |   Discussion

Our study identified a genetic linkage between the HLA-DRB1 
locus and susceptibility to KD with DRB1*15:01 showing signifi-
cant association in all KD patients, in male patients, and in male 
patients without CALs. HLA-DRB1*14:01 was also significantly 
associated with CALs in all patients and in male patients. In 
contrast, HLA-DRB1*12:02 was significantly protective against 
CALs in KD patients; however, this protective effect was not ob-
served after stratification by sex.

HLA-DR is one of the HLA class II gene loci, along with 
HLA-DP and HLA-DQ. It encodes a DR molecule composed of 
two polypeptide chains, α and β, forming a heterodimer. The 
α chain (DRα) is encoded by HLA-DRA, whereas the β chain 
(DRβ) is encoded by HLA-DRB1 or other HLA-DRB genes 
within the HLA-DR locus [28]. Class II antigens, including DR 
molecules, are normally expressed on macrophages, dendritic 
cells, reticuloendothelial cells, and B cells [29]. These mole-
cules present fragments of foreign antigens to CD4+ helper T 
cells, thereby regulating the adaptive immune response [30]. 
As of October 2025, 127 HLA-DRA alleles and 3892 HLA-
DRB1 alleles have been identified [31]. Because HLA-DRB1, 
HLA-DQA1, and HLA-DQB1 are in strong linkage disequi-
librium (LD) and form a tight haplotype, it is difficult to dis-
entangle the individual contribution of each locus to disease 
association.

HLA-DRB1*15:01 has also been reported to be associated with 
multiple sclerosis [32], systemic lupus erythematosus [33], nar-
colepsy [34], anti-glomerular basement membrane disease [35] 
and leprosy [36]. DRB1*15:01 typically tags the extended hap-
lotype DRB1*15:01~DQA1*01:02~DQB1*06:02. Due to tight LD, 
locus-specific effects cannot be distinguished without multi-
locus genotyping; notably, in African Americans where LD is 
weaker, DQB1*06:02—rather than DRB1*15:01—shows the 
primary association with narcolepsy when conditioned ap-
propriately [34]. We have not genotyped DQA1 and DQB1 and 
therefore could not assess LD with DQA1 or DQB1 or perform 
conditional analyses.

In a case-control study, a small sample size may lead to false-
negative results due to insufficient statistical power or the need 
for correction for multiple comparisons—an issue particularly 
relevant when studying HLA loci, where numerous alleles are 
present at a single locus [37]. A previous study failed to detect an 
association between HLA-DRB1 and KD after applying correc-
tions for multiple comparisons, likely due to inadequate sample 
size [19]. In contrast, we enrolled a substantially larger cohort 
of patients and controls, performed high-resolution typing of 
DRB1 alleles at the two-field level (Table S5). These measures 
enhanced our power to detect the alleles associated with KD. 
Case-control studies are susceptible to population stratification, 
which may lead to false-positive or false-negative associations 
[11]. Therefore, replication in an independent population or val-
idation through a family-based study is required to confirm the 
findings.

The TDT evaluates whether, in case–parent trios, heterozygous 
parents transmit a specific marker allele to affected offspring 
more frequently than the Mendelian 50% expectation—providing 

evidence of linkage in the presence of association [38]. As a 
family-based study design, the TDT is a robust method for de-
tecting linkage between a genetic marker and a disease gene 
when association exists [35]. A significant overtransmission ob-
served by TDT with singletons not only confirms the association 
but also indicates linkage between the marker and the disease 
locus [36]. It is not susceptible to population stratification. We 
applied the TDT to the trios to verify the association between 
HLA-DRB1*15:01 and KD and to detect the linkage between 
HLA-DRB1 and KD susceptibility genes. Limitations of TDT 
are that association must be present, both parents' genotypes are 
typically required, and late-onset diseases may lack available 
parents.

The aetiology of KD remains unclear. Although IVIG, as-
pirin and steroids effectively manage KD, vascular compli-
cations persist. HLA is involved in the innate and adaptive 
immune responses [39]. Class II HLA-DR, -DQ, and -DP are 
important in defence against infections. HLA-DRB1 is asso-
ciated with many human mucocutaneous diseases, such as 
Stevens–Johnson syndrome/toxic epidermal necrolysis and 
drug-induced liver injury [40–43]. HLA-DRB1*15:01 confers 
risk to multiple sclerosis through DRB1*15:01-dependent and 
DNA methylation-mediated levels of expression [44]. The dif-
ferentially methylated region of HLA-DRB1*15:01 may affect 
epitope expression in autoimmune diseases; thereby, it may 
contribute to the pathogenesis of KD [44]. In the acute stage of 
KD, immune factors, such as T cells, cytokines and adhesion 
molecules, are activated and contribute to the KD pathogene-
sis with delayed leukocyte apoptosis [45]. Additionally, macro-
phage activation alters T helper and regulatory cell functions 
and leads to the dysregulation of immune response in patients 
with KD [46, 47].

5   |   Limitations

The HLA complex is the most gene-dense region of the human 
genome, yet our analysis was limited to the HLA-DRB1 locus 
[48]. Other loci within the HLA class II region, including HLA-
DQA1, -DQB1, and -DPB1, as well as class I loci and T- and B-
cell receptor genes warrant further investigation. Additionally, 
our study was conducted exclusively in a Taiwanese population; 
thus the findings should be validated in other ethnic groups to 
confirm their generalisability.

6   |   Conclusions

Our study identified significant associations between HLA-
DRB1*15:01, *14:01, and *12:02 and KD. The association be-
tween HLA-DRB1*15:01 and KD was further verified by TDT, 
indicating a genetic linkage between the HLA-DRB1 locus and 
KD susceptibility.
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