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BACKGROUND: Despite prior observational studies suggesting a link between gut microbiota to Kawasaki disease (KD), these
findings remain debated. This study aimed to assess the association between gut microbiota and KD on a genetic level using a two-
sample Mendelian randomization (MR) analysis.
METHODS: This two-sample MR analysis utilized summary statistics from the largest genome-wide association study meta-analysis
on gut microbiota conducted by the MiBioGen consortium. The causal relationship between gut microbiota and KD evaluated using
multiple methods, including inverse variance weighted (IVW), MR Egger, weighted median, simple mode, weighted mode, and MR-
PRESSO. Reverse MR analysis was conducted on bacteria identified as causally linked to KD in the initial MR study. Cochran’s Q and
Rucker’s Q tests assessed the heterogeneity among instrumental variables.
RESULTS: The IVW estimates indicated no significant genetic causal relationship with KD for various taxa, including genus
Bifidobacterium (p= 0.774, OR 95% CI= 0.876 [0.355–2.163]), genus FamilyXIIIAD3011group (p= 0.945, OR 95% CI= 0.979
[0.539–1.780]), genus LachnospiraceaeUCG004 (p= 0.987, OR 95%CI= 1.005 [0.542–1.863]), genus RuminococcaceaeNK4A214group
(p= 0.453, OR 95%CI= 1.469 [0.538–4.009]), genus RuminococcaceaeUCG002 (p= 0.835, OR 95% CI= 1.092 [0.478–2.494]), genus
LachnospiraceaeUCG001 (p= 0.996, OR 95%CI= 0.998 [0.482–2.066]), genus Bacteroides (p= 0.595, OR 95%CI= 0.831
[0.419–1.648]), genus Olsenella (p= 0.414, OR 95%CI= 1.312 [0.684–2.516]), genus Lactococcus (p= 0.870, OR 95%CI= 0.962
[0.600–1.541]), family Rhodospirillaceae (p= 0.995, OR 95%CI= 1.002 [0.550–1.827]), family FamilyXIII (p= 0.894, OR 95%CI= 1.093
[0.298–4.009]), family BacteroidalesS24 (p= 0.604, OR 95%CI= 0.849 [0.456–1.578]), family Ruminococcaceae (p= 0.524, OR 95%
CI= 0.692 [0.223–2.148]), and class Bacilli (p= 0.905, OR 95%CI= 0.967 [0.561–1.667]). The reverse MR analysis revealed no
significant causal effect of KD on gut microbiota. No significant heterogeneity of instrumental variables or horizontal pleiotropy was
observed.
CONCLUSION: This bidirectional causal inference analysis did not reveal a genetic causal relationship between gut microbiota and
KD. Confounding factors may have influenced the observed associations in previous observational studies. Further research with
advanced MR methods and larger GWAS datasets is needed to confirm these findings.
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IMPACT:

● This study employs Mendelian randomization to investigate the causal relationship between gut microbiota and Kawasaki
disease, and finds no evidence of a genetic association between them.

● This represents the first Mendelian randomization study to examine the causal link between gut microbiota and Kawasaki
disease, offering valuable insights into the potential mechanisms underlying previous observational findings.

● The study challenges existing observational findings by suggesting that the association between gut microbiota and Kawasaki
disease may be confounded by other factors, thereby highlighting the necessity for further genetic studies to elucidate the role
of gut microbiota in the disease.

INTRODUCTION
Kawasaki disease (KD) is an acute febrile illness that primarily
affecting children. First described in 1967 by Dr. Tomisaku
Kawasaki,1 KD manifests globally across all racial groups. Notably,
developed nations have reported an increasing incidence of KD,
which is now the leading cause of childhood-acquired heart

disease in these regions.2 KD is a multisystemic disease that
primarily affects the coronary arteries, potentially leading to
stenosis, coronary artery aneurysm, and thrombosis.3 Epidemiolo-
gical data reveal that untreated children exhibit a KD incidence
rate of 15–20%. However, this rate drops to 4% with effective
treatment combining intravenous gamma globulin and aspirin.2
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Despite extensive research, the etiology of KD remains elusive.
Studies suggest it is an immune-mediated condition often
triggered post-infection in genetically susceptible individuals.
Recent research has associated the pathogenesis of the disease
with inflammatory cytokines, genetic variations, and immune
system activation.4 A growing body of evidence suggests that
genetic predispositions and microbial infections may collectively
influence the development of KD.
The gastrointestinal tract, a vital metabolic organ, houses a

diverse array of microorganisms essential for nutrient processing,
immune development, colonization resistance, and various other
physiological functions critical to maintaining health and home-
ostasis.5 In children, the developing gut microbiota plays a crucial
role in immune development, and disruptions can make children
more susceptible to infections and diseases like KD.6 Numerous
studies have reported gut microbiota dysbiosis in patients with
KD.7 However, these studies are limited by their cross-sectional
design, which hinders the ability to determine whether the
observed dysbiosis is a result of KD or a preexisting condition of
the intestinal microbiota before the onset of KD. This limitation
primarily stems from the inherent challenges posed by confound-
ing factors and reverse causality bias in such studies. Establishing
a causal link between gut microbiota and KD could offer
significant insights and potential breakthroughs in disease
prevention, diagnosis, and treatment.
Mendelian Randomization (MR) presents a robust analytical

approach to overcome these challenges. MR leverages genetic
variants as instrumental variables (IVs) by inferring causal
relationships between potentially modifiable exposures and
outcomes. MR allows causal inference to be made based on
genetic variants, which are not influenced by confounders or
reverse causality. This method effectively mitigates confounding
factors and addresses reverse causality issues, which have been
persistent obstacles in observational research.8 By employing MR,
this study aims to provide more definitive evidence of the causal
relationship between gut microbiota and KD. Specifically, we will
conduct a bidirectional two-sample MR analysis using publicly
available summary statistics from large-scale genome-wide
association studies (GWAS). This innovative approach will allow
us to genetically assess the exact association between gut
microbiota and KD, thereby contributing valuable insights into
the pathogenesis of KD, and potentially guiding future therapeutic
strategies.

METHODS
Study design
MR utilizes genetic variants, primarily single-nucleotide polymorphisms
(SNPs), as IVs to investigate the genetic association between exposure and
outcome. This approach relies on three fundamental assumptions: (1)
genetic variants are highly correlated with the exposure, (2) genetic
variants are independent of potential confounders, (3) genetic variants
solely affect outcomes through exposure. IVs are deemed valid only when
these assumptions are met. This study employed a bidirectional two-
sample MR analysis to evaluate the genetic association between gut
microbiota and KD. Initially, SNPs associated with gut microbiota were
used to examine their effects on KD. Subsequently, to explore the
possibility of reverse association, appropriate IVs were used to quantify the
implications of KD on gut microbiota. All datasets used in this study are
publicly available.

Exposure GWAS datasets
The MiBioGen consortium, which conducted the most extensive genome-
wide meta-analysis of gut microbiota composition, contributed to the
genetic variations of gut microbiota in this study. This meta-analysis
probed the relationship between human autosomal genetic variations and
the gut microbiome, by profiling the microbial composition of 18,340
participants across 24 independent cohorts, with most participants
belonging to a European ancestry (n= 13,266).9 A comprehensive set of

211 taxa (9 phyla, 16 classes, 20 orders, 35 families, and 131 genera) were
incorporated into this meta-analysis. The data are publicly accessible via
the website (www.mibiogen.org).

Outcome GWAS datasets
Genetic associations for KD were obtained from the largest available GWAS
meta-analysis conducted by Hoggart and colleagues,10 comprising 400
cases and 6101 controls. The team went ahead to build a new KD
susceptibility GWAS, by amalgamating the recently genotyped KD cases
and comparing them with healthy controls. Genome-wide summary
statistics for the KD susceptibility meta-analysis are available for down-
loaded from the EBI GWAS Catalog (https://www.ebi.ac.uk/gwas/studies/
GCST90013537).

Instrumental variables
We executed a series of rigorous quality controls to identify IVs that meet
the three assumptions of MR analysis, hence ensuring the robustness and
reliability of said analysis. First, SNPs with a significant association with the
gut microbiome were designated as IVs. Since only a minor fraction of the
gut microbiome exhibits more than three independent SNPs at a genome-
wide significant threshold of a p < 5 × 10−8, we made decided to increase
the p-value threshold to 1 × 10−5 to obtain the required number of IVs and
generate more comprehensive results.11,12 Secondly, SNPs with a minor
allele frequency (MAF) of less than 0.01 were excluded. Thirdly, to
circumvent IVs linked with linkage disequilibrium (LD), SNPs linked to LD
were assessed using the European 1000 Genomes Project reference panel,
with the requirements of r2 < 0.001 and a clump spacing greater than
10,000 kb.13 Fourthly, to assert a powerful association with exposure, we
picked SNPs showcasing an F statistic >10 as IVs. F statistics were
computed using the formula F= R2(n−k−1)/k(1−R2), where R2 symbolizes
the proportion of variance explained by instruments, n stands for the
sample size, and k denotes the count of selected IVs.14 Phenoscanner is
utilized to identify potential confounding factors.15

Statistical analysis
Using the selected IVs, two-sample MR analyzes were conducted on gut
microbiota and KD using the TwoSampleMR and MR-PRESSO packages in R
(version 4.3.1). The MR analysis was performed using five distinct methods:
the primary method employed was random-effects inverse variance
weighted (IVW), while auxiliary methods included MR Egger, weighted
median, simple mode, and weighted mode. The results from the random-
effects IVW served as the foundation of our study. To evaluate the
heterogeneity of our MR analysis, we calculated Cochran’s Q statistic for
the IVW method and Rucker’s Q statistic for the MR Egger method. A
p-value > 0.05 indicated no significant heterogeneity.16 We utilized the
intercept test from MR Egger to assess horizontal pleiotropy, with a p-value
exceeding 0.05 suggesting the absence of horizontal pleiotropy. In
addition to these tests, the MR pleiotropy residual sum and outlier (MR-
PRESSO) method was employed, which is capable of detecting both
horizontal pleiotropy and outliers within our data.17 Leave-one-out analysis
was conducted to examine sensitivity to individual SNPs.18 To evaluate the
causative link between gut microbiota and KD, we also enacted a reverse
MR analysis on the bacteria found to be causally related with KD in forward
MR analysis. The global test of MR-PRESSO analysis was utilized to conduct
the horizontal pleiotropy test, and a p-value > 0.05 denoted no horizontal
pleiotropy, and the distortion test of MR-PRESSO analysis was deployed to
determine whether outliers existed in our MR analysis.19 Overall, our
study’s findings are primarily based on the random-effects IVW results,
with rigorous consideration of potential biases due to horizontal pleiotropy
and outliers.

RESULTS
IVs Selection
A series of filtering steps were applied, including exclusions based
on MAF < 0.01, quality control metrics (e.g., imputation quality),
and removal of SNPs in LD (r² < 0.001). After these steps, a total of
116 SNPs across various taxonomic levels, including class,
family, and genus, were selected. Following clumping and
harmonization processes, the count of SNPs related to spinal
stenosis ranged between 6 to 11. Moreover, the family
BacteroidalesS24 has the greatest number of SNPs (n= 11),

S. Wang et al.

424

Pediatric Research (2025) 98:423 – 430

http://www.mibiogen.org
https://www.ebi.ac.uk/gwas/studies/GCST90013537
https://www.ebi.ac.uk/gwas/studies/GCST90013537


whereas the genus LachnospiraceaeUCG001, family FamilyXIII, and
family Ruminococcaceae have the smallest number of SNPs (n= 6).
The MAFs of all the aforementioned SNPs exceeded 0.01. Detailed
characteristics of each SNP, including effect allele, other allele,
beta, standard error, p-value, and F-statistic, are provided in
Supplementary Table 1. SNP analysis in PhenoScanner indicated
no association with confounders (Supplementary Table 2).

MR Analysis
The random-effects IVW analysis found no significant
genetic causal associations between KD and various taxa,
including genus Bifidobacterium (p= 0.774, OR 95% CI= 0.876

[0.355–2.163]), genus FamilyXIIIAD3011group (p= 0.945, OR 95%
CI= 0.979 [0.539–1.780]), genus LachnospiraceaeUCG004
(p= 0.987, OR 95%CI= 1.005 [0.542–1.863]), genus Ruminococca-
ceaeNK4A214group (p= 0.453, OR 95%CI= 1.469 [0.538–4.009]),
genus RuminococcaceaeUCG002 (p= 0.835, OR 95% CI= 1.092
[0.478–2.494]), genus LachnospiraceaeUCG001 (p= 0.996, OR 95%
CI= 0.998 [0.482–2.066]), genus Bacteroides (p= 0.595, OR 95%
CI= 0.831 [0.419–1.648]), genus Olsenella (p= 0.414, OR 95%
CI= 1.312 [0.684–2.516]), genus Lactococcus (p= 0.870, OR 95%
CI= 0.962 [0.600–1.541]), family Rhodospirillaceae (p= 0.995, OR
95%CI= 1.002 [0.550–1.827]), family FamilyXIII (p= 0.894, OR 95%
CI= 1.093 [0.298–4.009]), family BacteroidalesS24 (p= 0.604, OR

Gut microbiota on KD nSNP OR (95% Cl) Pvalue

genus.FamilyXIIIAD3011group

Inverse variance weighted
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0.969 (0.375–2.501) 
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95%CI= 0.849 [0.456–1.578]), family Ruminococcaceae (p= 0.524,
OR 95%CI= 0.692 [0.223–2.148]), and class Bacilli (p= 0.905, OR
95%CI= 0.967 [0.561–1.667]) manifested no genetic causal
correlation with KD. Analysis leveraging MR Egger, weighted
median, simple mode, and weighted mode corroborated the
random-effects IVW findings (Fig. 1 and Supplementary Table 3).
The reverse MR analysis indicated no significant causal relation-

ship between KD and the identified gut microbiota taxa. The
outcomes hinted at promising non-significance (p > 0.05) for
heterogeneity as per Cochran’s IVW Q-test, and suggest direc-
tional horizontal pleiotropy under the MR-Egger regression

intercept. Moreover, comprehensive details about the chosen IVs
and MR findings concerning reverse MR analysis are presented in
Fig. 2 and Supplementary Table 4.

Pleiotropy and sensitivity analysis
Both Cochran’s Q statistic (MR-IVW) and Rucker’s Q statistic
affirmed an absence of heterogeneity in the MR analyzes of the IVs
and outcomes (p > 0.05)(Supplementary Table S3,S4). The MR-
Egger regression, together with the MR-PRESSO global test,
indicated a lack of horizontal pleiotropy between the IVs and
outcomes (p > 0.05)(Supplementary Table S3,S4). The leave-one-
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Fig. 1 Forest plot of MR analysis between the gut microbiota and KD. Random effects IVW, MR Egger, weighted median, simple model, and
weighted model analyzes showed no genetic causal correlation between gut microbiota and KD (p > 0.05).
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out analysis suggested that the results were not driven by any
single SNPs. The results of the pleiotropic and sensitivity analyzes
are presented in Supplementary Figs. S1–S3.

DISCUSSION
In this study, we conducted a two-sample MR analysis using
summary statistics of gut microbiota from the largest GWAS meta-
analysis by the MiBioGen consortium and summary statistics of KD
from the NHGRI-EBI Catalog of human genome-wide association
studies. This approach allowed us to assess the causal relationship
between gut microbiota and KD from a genetic perspective,

addressing the limitations of traditional observational studies.
Utilizing expansive GWAS datasets, our MR inquiry aims to bridge
this scholarly void from an innovative vantage point. To our
knowledge, this is the first MR study to investigate the potential
causal relationship between gut microbiota and KD. Interestingly,
our results did not find evidence supporting a causal association
between gut microbiota and KD in individuals of European
descent, constituting a significant contribution to the genetic
research of KD.
There is no agreement on whether KD-related infectious agents

are of viral, bacterial, or fungal origin,20 and the underlying
immune mechanisms behind KD have not been completely

KD on gut microbiota nSNP OR (95% Cl) Pvalue
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elucidated, remaining only partially understood. The absence of a
proven unambiguous cause of KD has prompted the scientific
community to explore other hypothetical environmental triggers.
Particularly, the composition of the resident intestinal flora as a
potential contributor to KD has been evaluated by different
research groups. Although gut microbiota has been reported to be
associated with KD pathogenesis, these speculations have been
controversial.21 It has been suggested that colonization by normal
microbiota variants could induce dysregulation in the immune
systems of children with a pre-existing genetic defect in immune
maturation, leading to a hyperimmune reaction and the

development of KD.22 While these studies have highlighted
potential links, they are inherently susceptible to confounding
factors and biases that may distort causal interpretations.
However, it is important to note that our analysis does not rule
out the possibility that gut microbiota may play a role in KD;
rather, it emphasizes that the evidence for a direct genetic causal
relationship is currently lacking.
Given that the gastrointestinal tract serves as the primary interface

between microbial elements and their host, housing the majority of
bacteria and the most significant quantity of lymphoid tissue in the
body, Eladawy et al. proposed a hypothesis that the intestinal
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Fig. 2 Forest plot of reverse MR analysis between the gut microbiota and KD. Random effects IVW, MR Egger, weighted median, simple
model, and weighted model analyzes showed no genetic causal correlation between KD and gut microbiota (p > 0.05).
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environment could undergo modifications in children suffering from
KD, and it was indeed observed that KD patients exhibited a higher
prevalence of gastrointestinal symptoms and complications.23 More
specifically, Takeshita et al. 24 conducted an evaluation on 20 patients
with KD, 20 patients exhibiting acute febrile diseases, and 20 healthy
children. They discovered the incidence of Lactobacilli isolated from
KD patients (2/20, 10%) was significantly lower (p < 0.001) than in the
other cohorts. Additionally, the presence of Staphylococcus, Strepto-
coccus, Enterococcus, Enterobacteriaceae, Bifidobacterium were
found among the three groups. In contrast, the detection rate of
Eubacterium and Peptostreptococcus was noticeably elevated in KD
patients compared with patients suffering from other febrile diseases
(p < 0.01 and p < 0.05, respectively). However, no significant contrasts
were identified between KD patients and healthy children.24

However, the results of our bidirectional causal inference analysis
showed no support for a genetically predicted causal relationship
between gut microbiota and KD. While this differs from our previous
findings, we believe this outcome to be valid. We propose three
main factors contributing to this outcome. First, the microbiota data
used in our study may lack the resolution necessary to detect
associations with KD, given that only a limited number of SNPs were
available. Second, their association observed in previous observa-
tional studies may have been caused by confounding factors. Third,
the interplay of genetic predisposition and environmental factors in
the pathogenesis of KD parallels the complexities seen in other
multifactorial diseases. The primary obstacle in today’s medical
research is determining whether microbiota modifications during
KD cause the disease or are merely a marker and consequence of it.
Thus, more advanced MR analysis methods, larger-scale GWAS
summary data, and more genetic instruments are needed to
validate the findings of this study.
KD is recognized as a multifactorial disease, likely developing in

genetically or environmentally susceptible individuals following an
exaggerated immune response to infection.25 Cesarean delivery,26

formula feeding,27 and a history of antimicrobial use prior to KD
onset26 constitute reported environmental risk factors contributing
to the disease’s development. These factors also significantly
influence the intestinal microbiota, thus leading to the hypothesis
that disturbances in the gut microbiota, i.e., dysbiosis, might
increase susceptibility to KD. There have been two previous reports
on the dysbiosis in patients with KD.7,28 However, all studies have
encompassed patients in the acute phase of KD. One study
identified transient changes in intestinal microbiota during the rise
in body temperature, which is common with viral infections.29,30 As
a result, determining whether the dysbiosis in the acute phase of KD
is a consequence of KD or a precipitating factor remains a challenge.
To clarify the causal interpretation of our findings, it is essential to

understand the potential limitations of observational studies.
Observational studies, while useful in generating hypotheses, may
be prone to confounding biases and reverse causality, leading to
less robust conclusions. In contrast, MR analysis offers a more
rigorous approach by leveraging genetic variants as instrumental
variables to infer causality, thus providing a more reliable estimate
despite its current limitations. However, it is important to note that
our study was confined to populations in Europe and did not
consider age distinctions, which are crucial when interpreting
results related to pediatric populations. Additionally, the relatively
small sample size of gut microbiota data could have affected the
precision of the reverse MR analysis results. While our study focused
on genetic factors associated with gut microbiota, we recognize
that the bacterial structure andmetabolites may also play important
roles in KD pathogenesis. Future studies integrating microbiome
profiling and metabolomic analyzes may provide further insights
into the mechanisms underlying these relationships.
Our study has several limitations. Initially, our research was

confined to populations in Europe; thus, when extending our
conclusions to diverse populations, careful consideration is
imperative. Age distinction was absent in our study, and it’s

crucial when interpreting our results, especially when relating
them to the pediatric population solely. Our extant research
couldn’t segregate intestinal flora depending on age. Further, the
gut microbiota’s sample size was rather small, potentially
interfering with the precision of the reverse MR analysis results
due to weak instrumental bias, and we cannot completely dismiss
the possibility of a reverse causal association. Our exploration was
primarily at the genetic level, without investigating the significant
influence the unique structure and metabolites of bacteria might
have on KD’s emergence and progression. The gut microbiota’s
complexity and diversity are prominent, yet our study didn’t
analyze how KD might be influenced by the multifaceted
interrelations among various microbiota types amidst gut micro-
biota instability.

CONCLUSIONS
Our findings indicate that gut microbiota may not play a direct
genetic causal role in KD. However, future studies utilizing larger
datasets and more sophisticated MR methods are essential to
conclusively address this question. However, this does not rule out
the possibility of associations beyond genetic causation. Con-
founding factors may explain the associations observed in
previous observational studies. To confirm these findings, future
studies will require more advanced MR methodologies, larger
GWAS datasets, and improved genetic instruments.

DATA AVAILABILITY
Publicly available datasets were analyzed in this study. These data can be found here:
MiBioGen consortium (www.mibiogen.org, accessed on 5 May 2024) and GWAS
Catalog consortium (https://www.ebi.ac.uk/gwas/studies/GCST90013537, accessed
on 5 May 2022).

REFERENCES
1. Kawasaki, T. Acute febrile mucocutaneous syndrome with lymphoid involvement

with specific desquamation of the fingers and toes in children. Arerugi 16,
178–222 (1967).

2. McCrindle, B. W. et al. Diagnosis, treatment, and long-term management of
kawasaki disease: a scientific statement for health professionals from the
American Heart Association. Circulation 135, e927–e999 (2017).

3. Guo, M. M. et al. Th17- and Treg-related cytokine and mRNA expression are
associated with acute and resolving Kawasaki disease. Allergy 70, 310–318 (2015).

4. Teramoto, Y. et al. Dysbiosis of the gut microbiota as a susceptibility factor for
Kawasaki disease. Front Immunol. 14, 1268453 (2023).

5. Gosalbes, M. J. et al. Metatranscriptomic approach to analyze the functional
human gut microbiota. PloS one 6, e17447 (2011).

6. Ihekweazu, F. D. & Versalovic, J. Development of the pediatric gut microbiome:
impact on health and disease. Am J Med Sci. 356, 413–423 (2018).

7. Chen, J. et al. Altered gut microbiota correlated with systemic inflammation in
children with Kawasaki disease. Scientific reports 10, 14525 (2020).

8. Smith, G. D. & Ebrahim, S. Mendelian randomization’: can genetic epidemiology
contribute to understanding environmental determinants of disease? Int J Epi-
demiol. 32, 1–22 (2003).

9. Kurilshikov, A. et al. Large-scale association analyses identify host factors influ-
encing human gut microbiome composition. Nat Genet. 53, 156–165 (2021).

10. Hoggart, C. et al. Identification of novel locus associated with coronary artery
aneurysms and validation of loci for susceptibility to Kawasaki disease. Eur J Hum
Genet. 29, 1734–1744 (2021).

11. Yan, S. et al. Causal relationship between gut microbiota and diabetic nephro-
pathy: a two-sample Mendelian randomization study. Front Immunol. 15,
1332757 (2024).

12. Ni, J. J. et al. Gut microbiota and psychiatric disorders: a two-sample mendelian
randomization study. Front Microbiol. 12, 737197 (2022).

13. Chen, Y. et al. Tea consumption and risk of lower respiratory tract infections: a
two-sample mendelian randomization study. Eur J Nutr. 62, 385–393 (2023).

14. Chen, H. et al. No causal association between adiponectin and the risk of rheu-
matoid arthritis: a Mendelian randomization study. Front Genet. 12, 670282
(2021).

15. Kamat, M. A. et al. PhenoScanner V2: an expanded tool for searching human
genotype-phenotype associations. Bioinformatics 35, 4851–4853 (2019).

S. Wang et al.

429

Pediatric Research (2025) 98:423 – 430

http://www.mibiogen.org
https://www.ebi.ac.uk/gwas/studies/GCST90013537


16. Hemani, G. et al. The MR-Base platform supports systematic causal inference
across the human phenome. Elife. 7, e34408.

17. Shu, M. J. et al. Migraine and ischemic stroke: a Mendelian randomization study.
Neurol Ther. 11, 237–246 (2022).

18. Lee, Y. H. Causal association between smoking behavior and the decreased risk of
osteoarthritis: a Mendelian randomization. Z Rheumatol 78, 461–466 (2019).

19. Meng, H. et al. Causal associations of circulating lipids with osteoarthritis: a
bidirectional Mendelian randomization study. Nutrients 14, 1327 (2022).

20. Principi, N., Rigante, D. & Esposito, S. The role of infection in Kawasaki syndrome. J
Infect. 67, 1–10 (2013).

21. Wang, C. L. et al. Kawasaki disease: infection, immunity and genetics. Pediatr
Infect Dis J 24, 998–1004 (2005).

22. Lee, K. Y. et al. Kawasaki disease may be a hyperimmune reaction of genetically
susceptible children to variants of normal environmental flora. Med Hypotheses
69, 642–651 (2007).

23. Eladawy, M. et al. Kawasaki disease and the pediatric gastroenterologist: a
diagnostic challenge. J Pediatr Gastroenterol Nutr. 56, 297–299 (2013).

24. Takeshita, S. et al. Characteristic profile of intestinal microflora in Kawasaki dis-
ease. Acta Paediatr. 91, 783–788 (2002).

25. Noval Rivas, M. & Arditi, M. Kawasaki disease: pathophysiology and insights from
mouse models. Nat Rev Rheumatol. 16, 391–405 (2020).

26. Fukazawa, M. Previous antibiotic use and the development of Kawasaki disease: a
matched pair case-control study. Pediatr Int. 62, 1044–1048 (2020).

27. Yorifuji, T., Tsukahara, H. & Doi, H. Breastfeeding and Risk of Kawasaki Disease: A
Nationwide Longitudinal Survey in Japan. Pediatrics 137, 20153919 (2016).

28. Kinumaki, A. et al. Characterization of the gut microbiota of Kawasaki disease
patients by metagenomic analysis. Front Microbiol. 6, 824 (2015).

29. Groves, H. T. et al. Respiratory Disease following Viral Lung Infection Alters the
Murine Gut Microbiota. Front Immunol. 9, 182 (2018).

30. Groves, H. T. et al. Respiratory viral infection alters the gut microbiota by inducing
inappetence. mBio. 11, e03236–19 (2020).

ACKNOWLEDGEMENTS
The authors appreciate the MiBioGen consortium for providing the gut microbiota GWAS
summary statistics, as well as the researchers and participants of the GWAS Catalog project.

AUTHOR CONTRIBUTIONS
Sibao Wang and Silin Pan conceptualized, designed, implemented, supervised, acquired
funding, conducted data curation and analysis, and wrote the original draft. Gang Luo
analyzed the data and contributed to the original draft. Zhixian Ji collected and performed
data curation. All authors reviewed and approved the final manuscript.

FUNDING
The work was supported by the following grants: National Natural Science
Foundation of China (No.81970249).

COMPETING INTERESTS
The authors declare no competing interest.

CONSENT STATEMENT
The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict
of interest.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41390-025-03878-5.

Correspondence and requests for materials should be addressed to Silin Pan.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

S. Wang et al.

430

Pediatric Research (2025) 98:423 – 430

https://doi.org/10.1038/s41390-025-03878-5
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	No causal association between gut microbiota and kawasaki disease: a two-sample mendelian randomization study
	Introduction
	Methods
	Study design
	Exposure GWAS datasets
	Outcome GWAS datasets
	Instrumental variables
	Statistical analysis

	Results
	IVs Selection
	MR Analysis
	Pleiotropy and sensitivity analysis

	Discussion
	Conclusions
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Consent statement
	ADDITIONAL INFORMATION




