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Abstract: Kawasaki disease (KD) and Henoch–Schönlein purpura (HSP) are the most frequent
vasculitis in childhood. For both, a multifactorial mechanism has been hypothesised, with an
abnormal immune response in genetically predisposed children. Gut microbiota (GM) alterations
might trigger the hyperimmune reaction. Our aim was to explore the GM in KD and compare it
with the GM of HSP and febrile children. Children diagnosed with KD, HSP and non-KD febrile
illness (F) were enrolled. GM was profiled by 16S rRNA gene sequencing and compared with the
profiles of healthy children from previous studies. We enrolled 13 KD, 10 HSP and 12 F children.
Their GM significantly differed from controls, with an overall reduction in the relative abundance
of beneficial taxa belonging to the Ruminococcaceae and Lachnospiraceae families. Potential KD and
HSP signatures were identified, including smaller amounts of Dialister in the former, and Clostridium
and Akkermansia in the latter. Notably, the GM structures of KD, HSP and F patients stratified by
abdominal involvement, with more severe dysbiosis in those suffering from intestinal symptoms.
This is the first study analysing GM in a mostly Caucasian cohort of KD and HSP children. Our data
could open up new opportunities for childhood vasculitis treatment.

Keywords: Kawasaki disease; Henoch–Schönlein purpura; gut microbiota; vasculitis; intestinal
inflammation; dysbiosis; abdominal involvement; children

1. Introduction

Childhood vasculitis is a group of conditions characterised by inflammation of the
vascular wall, leading to multisystemic involvement and a variety of clinical manifestations.
Diagnosis may be challenging and often requires the cooperation of different specialists [1].
In childhood, the most common primary vasculitis are Henoch–Schönlein purpura (HSP)
and Kawasaki disease (KD), accounting for 49% and 23% of all cases, respectively [2].

HSP is a small vessel vasculitis, characterised by the deposition of immunoglobulin
A (IgA)-containing immune complexes in the vessel walls. HSP typically involves the
skin, gut, kidney and joints, resulting in palpable purpura, arthralgia and/or arthritis,
gastrointestinal symptoms and glomerulonephritis [3,4]. Although the histological features
are widely known (leukocytoclastic vasculitis with predominant IgA deposit), its aetiology
is still unclear [3,4]. Since HSP often occurs in children with a history of upper respiratory
tract infections during the previous 2–4 weeks, a dysregulated immune response to an
infectious trigger has been proposed as a possible etiologic basis [3].
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On the other hand, KD is an acute systemic vasculitis affecting small and medium-
sized arteries, which predominantly occurs in children aged less than 5 years. It is the
leading cause of acquired heart disease in developed countries, due to the occurrence
of coronary artery lesions in ~4% of cases, and subsequent severe complications, such
as ischemic heart disease and sudden death during the acute and subacute stages of the
illness [5].

Although KD was firstly described in 1967 by Dr. Tomisaku Kawasaki, its aetiology
is also not yet precisely defined: clinical and epidemiological features suggest that an
environmental agent, probably a virus [6–8], triggers an abnormal immune response in a
genetically susceptible child [9,10]. The genetic background is strongly supported by the
incidence that differs considerably among ethnicities, being the highest in Asian children
and Asian descendants in the transmigration area [11–13].

Hence, KD and HSP share a similar pathway where an immune-mediated mechanism
is triggered by an environmental agent, leading to a variety of clinical manifestations in
genetically predisposed children [14]. KD and HSP both potentially affect intestinal vessels:
indeed, abdominal involvement can occur in up to one-third of KD patients and up to 50%
of HSP patients [4,15].

In recent decades, the gut microbiota (GM), i.e., the complex and diverse commu-
nity of trillions of primarily bacterial cells that populate our gastrointestinal tract, has
been extensively studied for its role in regulating several aspects of human physiology,
including immune homeostasis [16]. It has recently become obvious that GM alterations
can cause immune dysregulation, contributing to a plethora of disorders, both intestinal
and systemic, such as inflammatory bowel, allergic and autoimmune diseases [17–21].
Regarding childhood vasculitis, a number of studies have explored GM in Asian KD and
HSP cohorts, highlighting potentially common features, such as reduced microbial di-
versity (common marker of dysbiosis) and reduced proportions of health-associated and
anti-inflammatory taxa (e.g., Lachnospiraceae and Ruminococcaceae members) compared to
healthy subjects [22–25]. The loss of GM homeostasis was also corroborated by the increase
in pathobionts (mainly Enterococcus) in both KD and HSP [24,25]. However, none of these
studies directly compared different forms of vasculitis and, to our knowledge, no data
are currently available on other populations of different ethnicities, although the latter
plays a key role in the predisposition to immune-mediated diseases [12,13,26] and is closely
associated with GM structure [27].

In an attempt to fill this gap, here we characterised, through 16S rRNA gene se-
quencing, the GM composition of KD and HSP patients in a mostly Caucasian paediatric
population, as compared to non-KD febrile children (F) and healthy controls (HC). The
GM profile of patients was then correlated with clinical features and laboratory data, par-
ticularly with markers of disease activity and inflammation. Finally, since abdominal
involvement is frequent in all these diseases and it has been found as a possible risk factor
for severe coronary artery lesions (CALs) in KD [15], associations between GM structure
and abdominal symptoms were sought as well.

2. Materials and Methods
2.1. Study Design, Patients and Sample Collection

A monocentric prospective pilot study was conducted on paediatric patients diagnosed
with KD, HSP or non-KD febrile illness at the S. Orsola-Malpighi Hospital, University of
Bologna (Bologna, Italy), aged 0–14 years, from July 2017 to November 2019.

All KD diagnoses were made in accordance with 2017 American Heart Association
(AHA) guidelines [5]. The onset of illness was defined as the first day of fever. Standard
treatment consisted of intravenous immunoglobulin (IVIG) at 2 g/kg in a single infusion
before the 10th day of fever, together with aspirin at 30–50 mg/kg/day, subsequently
switched to 3–5 mg/kg/day once the patient became afebrile for at least 48 h. Complete
and incomplete forms were defined according to 2017 AHA criteria. IVIG resistance was
defined as persistent or recrudescent fever at least 36 h after the end of IVIG infusion.



J. Pers. Med. 2022, 12, 973 3 of 13

Diagnosis of HSP was made in accordance with EULAR/PRINTO/PRES criteria [4].
Corticosteroid therapy was administered when appropriate (severe gastrointestinal or
renal involvement).

The coronary artery (CA) status of KD subjects was assessed by echocardiography
during the acute and subacute phase. Measurements of the internal diameters of the
proximal right CA (RCA) and left anterior descending (LAD) CA were normalised for
body surface area and expressed as standard deviation units from the mean (Z scores).
CA was normal for Z score <2. CALs were defined as any kind of coronary involvement,
i.e., dilation for Z score >2 and <2.5, aneurysms when >2.5. The Z score for either RCA or
LAD at any time point or the Z score of the largest aneurysm was used for the continuous
variable analysis. Cardiac non-coronary involvement was considered when echographic
signs of ventricular dysfunction, endocarditis and pericarditis were documented during
the acute stage of KD.

Gastrointestinal manifestations, such as vomiting, diarrhoea, abdominal pain, paralytic
ileus, jaundice, pancreatitis and pseudo-obstruction, were considered according to the
definitions previously described [15].

Exclusion criteria were confirmed bacterial or viral gastroenteritis, immunodeficiency
and rheumatological and immunological disorders.

For comparative purposes, age- and sex-similar non-KD febrile subjects (F) were
recruited from the emergency department if they had >3 days of fever.

Clinical data including age, ethnicity, gender, pre-treatment laboratory values and the
presence of abdominal symptoms were recorded.

Blood and faecal samples were collected during the acute stage from each KD, HSP or
F child, before the administration of disease-specific therapeutic approaches. Laboratory
values included white blood cell count (WBC), neutrophil and lymphocyte percentage, red
blood cell count (RBC), Haemoglobin (Hb), platelets (PLT), C-reactive protein (CRP), alanine
aminotransferase (ALT) and aspartate aminotransferase (AST), immunoglobulin (Ig) G, IgA
and IgM. Cytokine panels including tumor necrosis factor (TNF)-alpha, interleukin (IL) 6,
IL8, IL10 and IL12p70 and faecal calprotectin were measured only in KD patients. Stool
samples were sent to the Dept. of Pharmacy and Biotechnology (University of Bologna),
where they were stored at −80 ◦C until processing for GM analysis.

The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the local Ethics Committee (Comitato Etico Area Vasta Emilia
Centro, AVEC; project identification code: 178/2021/Sper/AOUBo). Special protections
for children as research subjects were observed, according to local IRB guidelines. Written
informed consent was provided by all parents or legal guardians.

2.2. Microbial DNA Extraction, Library Preparation and Sequencing

Microbial DNA was extracted from faeces using the repeated bead-beating plus col-
umn method, as previously described [28]. In short, about 250 mg of faecal sample was
resuspended in 1 mL of lysis buffer (500 mM NaCl, 50 mM Tris-HCl pH 8, 50 mM EDTA,
4% SDS) and homogenised in a FastPrep instrument (MP Biomedicals, Irvine, CA, USA)
at 5.5 movements/s for 1 min, repeated three times, in the presence of four 3 mm glass
beads and 0.5 g of 0.1 mm zirconia beads (BioSpec Products, Bartlesville, OK). After 15 min
incubation at 95 ◦C, stool particles were pelleted at 13,000 rpm for 5 min. The supernatant
was added with 260 µL of 10 M ammonium acetate, incubated on ice for 5 min and further
centrifuged at 13,000 rpm for 10 min. One volume of isopropanol was added to each
sample and incubated on ice for 30 min. Nucleic acids were washed with 70% ethanol,
then resuspended in TE buffer (10 mM Tris-HCl, 1 mM EDTA pH 8.0). After treatment
with 2 µL of 10 mg/mL DNase-free RNase at 37 ◦C for 15 min, samples were subjected to
protein removal and column-based DNA purification using the DNeasy Blood and Tissue
Kit (QIAGEN, Hilden, Germany).

For library preparation, the V3-V4 hypervariable region of the 16S rRNA gene was am-
plified using the 341F and 785R primers with added Illumina adapter overhang sequences,
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as previously reported [29]. PCR products were purified using a magnetic bead-based
clean-up system (Agencourt AMPure XP; Beckman Coulter, Brea, CA, USA). Indexed li-
braries were prepared by limited-cycle PCR using Nextera technology, and further cleaned
up as described above. Final libraries were pooled at equimolar concentration (4 nM),
denatured with 0.2 N NaOH and diluted to 5 pM with a 20% PhiX control before sequenc-
ing on an Illumina MiSeq platform, with a 2 × 250 bp paired-end protocol according to
the manufacturer’s instructions (Illumina, San Diego, CA, USA). Sequencing reads were
deposited in the National Center for Biotechnology Information Sequence Read Archive
(NCBI SRA; BioProject ID PRJNA807281).

2.3. Bioinformatics and Statistics

Raw sequences were processed using a combined pipeline of PANDASeq [30] and
QIIME 2 [31]. After length and quality filtering, reads were clustered into amplicon se-
quence variants (ASVs) using DADA2 [32]. Taxonomy was assigned using VSEARCH [33]
against the Greengenes database (May 2013 release). Chimeras were discarded. The 16S
rRNA gene sequencing data were compared with those of 35 healthy Caucasian children
with similar age (mean ± SD, 5.8 ± 4.5 years) and male/female ratio (26 males, 9 females)
as controls, from the following previous studies: (i) Rampelli et al. [34] (24 subjects, MG-
RAST ID mgp84098); (ii) Muleviciene et al. [35] (10 subjects); and (iii) Biagi et al. [36]
(1 subject, MG-RAST ID mgp17761). These control samples had been processed in the same
laboratory as the study samples for DNA extraction, library preparation, sequencing and
bioinformatics, thereby limiting study-related bias. Genus-level community composition
was generated for combined cohorts. Alpha diversity was computed using the inverse
Simpson index. Beta diversity was estimated by computing Bray–Curtis distances be-
tween the genus-level profiles, which were used as input for principal coordinates analysis
(PCoA). All statistical analysis was performed in R 3.6.1. PCoA plots were generated using
the vegan (http://www.cran.r-project.org/package-vegan/ (accessed on 2 April 2022))
and Made4 [37] packages, and data separation was tested by a permutation test with
pseudo-F ratios (the “Adonis” function in vegan). Group differences in alpha diversity
and taxon relative abundance were assessed by a Kruskal–Wallis test followed by a post
hoc Wilcoxon test, as needed. p values were corrected for multiple comparisons using
the Benjamini–Hochberg or false discovery rate (FDR) method. The Kendall rank corre-
lation test was used to assess associations between genus-level relative abundances and
inflammatory/immunological variables.

Demographic, clinical and laboratory data were reported as number and relative
percentages if categorical, whereas continuous variables were presented as mean and
standard deviation (SD) if normally distributed or as median and interquartile range
(IQR) if not normally distributed. The Kolmogorov–Smirnov test was used to test for
normality. Differences between groups were compared using ANOVA, Kruskal–Wallis
or Mann–Whitney, as appropriate, for continuous variables and the Chi-squared test or
Fisher’s exact test, as appropriate, for categorical variables, with post hoc comparisons
(Fisher’s least significant difference or Dunn’s test) as appropriate. Levene’s test was used
to assess the equality of variances. A p value ≤ 0.05 was considered statistically significant;
a p value between 0.05 and 0.1 was considered a tendency.

3. Results
3.1. Study Cohort Description

A total of 35 samples were collected from 13 patients diagnosed with KD, 10 patients
diagnosed with HSP and 12 F patients. Demographic and clinical data and pre-treatment
laboratory values are displayed in Table 1.

http://www.cran.r-project.org/package-vegan/
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Table 1. Demographic, clinical and laboratory data of children diagnosed with Kawasaki disease
(KD), Henoch–Schönlein purpura (HSP) and non-KD febrile illness (F).

KD
(n = 13)

HSP
(n = 10)

F
(n = 12) p

Caucasian 10 (76.9%) 8 (80.0%) 8 (66.7%)

Asian 3 (23.1%) 2 (20.0%) 1 (8.3%)

Hispanic 1 (8.3%)

Mixed 1 (8.3%)

Ethnicity, n (%)

Black 1 (8.3%)

n.s.

Sex, n (%)
Male 10 (76.9%) 5 (50.0%) 7 (58.3%)

n.s.
Female 3 (23.1%) 5 (50.0%) 5 (41.7%)

Age (months), median (IQR) 31 (14.5–43) * 62 (52.3–104.3) *§ 30 (15–67.8) § 0.005

Responder 11 (84.6%)
Class, n (%)

Non-responder 2 (15.4%)
- - -

Complete 8 (61.5%)
Clinical form, n (%) Atypical/

incomplete 5 (38.5%)
- - -

Yes 3 (23.1%) 2 (20.0%) 4 (33.3%)
Abdominal symptoms, n (%)

No 10 (76.9%) 8 (80.0%) 8 (66.7%)
n.s.

White blood cells (×109/L),
median (IQR) 15.0 (12.3–20.0) 11.5 (8.7–15.2) 12.5 (10.8–13.7) n.s.

Neutrophils %, median (IQR) 73.8 (59.7–80.3) 68.5 (58.1–73.5) 70 (59.9–76.6) n.s.

Lymphocytes %, median (IQR) 19.0 (12.6–28.4) 28.6 (19.6–35.6) 20.6 (13.5–32.2) n.s.

Eosinophils %, median (IQR) 1.4 (0.3–3.6) 1.7 (0.6–3.7) 0.5 (0.2–1.9) n.s.

Red blood cells (×1012/L),
median (IQR) 4.15 (3.90–4.46) 4.68 (4.12–4.97) 4.58 (4.01–5.79) n.s.

Haemoglobin (g/dL), median (IQR) 10.7 (10.1–11.7) * 12.9 (11.0–13.8) * 11.2 (10.6–12.0) 0.034

Platelets count (×109/L),
median (IQR) 377 (317–536) ◦ 358 (319–402) 293 (229–318) ◦ 0.010

C-reactive protein (mg/dL),
mean (SD) 9.68 (4.89) * 2.74 (3.11) *§ 6.96 (4.29) § 0.002

Aspartate aminotransferase (IU/L),
median (IQR) 32 (26–55) 29 (23–33) 36 (28–74) n.s.

Alanine aminotransferase (IU/L),
median (IQR) 27 (18–94) * 14 (9–16) * 16 (10–25) 0.011

Calprotectin (mcg/g), median (IQR) 706 (117–1445) - 175 (38–501) n.s.

TNF-alpha (pg/mL), median (IQR) 2.5 (0–24.3) - 1.0 (0–2.8) n.s.

IL6 (pg/mL), median (IQR) 132.0
(58.4–1747.0) - 18.1 (8.6–104.5) 0.025

IL8 (pg/mL), median (IQR) 214 (62–14910) - 123 (18–4502) n.s.

IL12p70 (pg/mL), median (IQR) 0 (0–5) - 0 (0–1.25) n.s.

IL10 (pg/mL), median (IQR) 7.0 (1.8–30.3) - 6.0 (3.3–16.0) n.s.

IgG (mg/dL), median (IQR) 729 (664–861) 1044 (850–1237) 944 (674–1299) n.s.

IgM (mg/dL), mean (SD) 96.6 (48.2) 102.0 (44.2) 111.6 (29.5) n.s.

IgA (mg/dL), mean (SD) 101.5 (80.3) * 170.2 (65.2) *§ 96.3 (51.6) § 0.031
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Table 1. Cont.

KD
(n = 13)

HSP
(n = 10)

F
(n = 12) p

Cardiac non-coronary involvement,
n (%)

Yes 7 (53.8%) - - -
No 6 (46.2%)

Coronary involvement,
n (%)

Yes 7 (53.8%) - - -
No 6 (46.2%)

Coronary artery lesions,
n (%)

No
involvement 6 (46.2%)

- - -Dilations 2 (15.4%)

Aneurysms 5 (38.5%)
Total days of fever, median (IQR) 8 (7–10) - 8 (6–10) n.s.

Delayed therapy,
n (%)

Yes 2 (15.4%) - - -
No 10 (76.9%)

n.s. stands for “not significant”; * stands for statistically significant difference between KD and HSP; § stands for
statistically significant difference between HSP and F; ◦ stands for statistically significant difference between KD
and F.

Twenty-two patients (62.9%) were males, and the most frequent ethnicity was Caucasian
(26 patients, 74.3%). The median age of all children was 40 months (IQR 19–62 months).
Patients diagnosed with HSP were significantly older than KD and F patients (p = 0.005). Hb
(p = 0.034), PLT (p = 0.010), CRP (p = 0.002), ALT (p = 0.011), IL6 (p = 0.025) and IgA (p = 0.031)
were significantly different among the three groups. A post-hoc analysis showed that KD
patients had significantly lower Hb (p = 0.029) and IgA (p = 0.026), and higher CRP (p < 0.001)
and ALT (p = 0.008) compared to HSP patients, while they had higher PLT and IL6 (p = 0.037
and p = 0.025, respectively) compared to F patients. HSP patients had lower CRP (p = 0.027)
and higher IgA levels (p = 0.017) compared to F patients. Notably, IgA was higher in HSP
than in other groups, advocating its central role in the pathogenesis of HSP.

3.2. The Gut Microbiota Dysbiosis of KD, HSP and F Children

The GM of KD, HSP and F children was profiled by 16S rRNA gene sequencing
and compared with that of healthy controls from previous studies [34–36] (see Materials
and Methods). A total of 1,033,918 high-quality reads (mean ± SD, 29,540 ± 6439) were
obtained, binned into 2108 ASVs.

No differences in alpha diversity were observed among study groups (p = 0.7,
Kruskal–Wallis test) (Supplementary Figure S1).

According to the PCoA of inter-individual variation, based on Bray–Curtis dissim-
ilarity, the GM profiles of KD, HSP and F children were overall overlapped and spread
out, suggesting high inter-individual variability. Despite this, all study groups segregated
significantly from controls (p = 0.002, permutation test with pseudo-F ratios) (Figure 1).

With regard to the taxonomic composition (Supplementary Figure S2), the GM of all
patients was dominated by the phylum Firmicutes (mean relative abundance in the whole
cohort ± SD, 54.5% ± 13.7%), together with Bacteroidetes (17.3% ± 15.5%) and Actinobac-
teria (15.9% ± 12.7%). As expected for a child GM that is approximating the adult-like
structure [38], the dominant families were Lachnospiraceae (15.5% ± 9.8%), Ruminococcaceae
(10.6% ± 11.0%), Bacteroidaceae (10.8% ± 9.4%) and Bifidobacteriaceae (7.7% ± 9.5%). Consis-
tently, Bacteroides (10.8% ± 9.4%), Bifidobacterium (7.7% ± 9.5%), Streptococcus (6.1% ± 12.6%)
and unclassified members of Lachnospiraceae (7.1% ± 5.6%) and Ruminococcaceae (4.9% ± 7.3%)
were the dominant genera.

When comparing GM structures between patient groups and their respective controls
(carefully matched for age, a major microbiota-associated confounding factor) [39], common
and disease-specific differences emerged (Figure 2).
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Figure 1. The gut microbiota of patients with Kawasaki disease (KD), Henoch–Schönlein purpura
(HSP) and non-KD febrile illness (F) is highly variable but segregates from that of healthy children
(HC). PCoA plot of beta diversity, based on Bray–Curtis dissimilarity between the genus-level profiles.
A significant separation between patients and healthy controls was found (p = 0.002, permutation
test with pseudo-F ratios). Ellipses include 95% confidence area based on the standard error of the
weighted average of sample coordinates.

Among the features shared by all patients, it is worth noting the underrepresentation
of health-associated taxa, including Lachnospiraceae (e.g., Anaerostipes, Lachnospira, Blautia
and Roseburia) and Ruminococcaceae (Ruminococcus and Faecalibacterium) genera (p ≤ 0.005,
Wilcoxon test). Furthermore, both HSP and F children showed reduced proportions of
Turicibacter (p ≤ 0.007). On the other hand, the underrepresentation of Dialister appeared
to specifically characterise KD patients (p ≤ 0.001). As for HSP, the underrepresentation
of Clostridium and Akkermansia was unique to this group of patients (p ≤ 0.005). Finally, a
reduced relative abundance of Collinsella appeared to be specific to F (p ≤ 0.001). However,
it should be noted that no significance was found for pairwise comparisons between
children diagnosed with KD, HSP and F.

When searching for correlations with laboratory values, the relative abundance of Blau-
tia was found to correlate negatively with CRP level (tau = −0.265, p = 0.03; Kendall
rank correlation test) and a similar trend was observed for Collinsella (tau = −0.236,
p = 0.08). Conversely, a direct correlation was found for Akkermansia (tau = 0.346, p = 0.009)
(Supplementary Figure S3).

3.3. The Gut Microbiota Profiles of KD, HSP and F Children Stratify by
Gastrointestinal Involvement

PCoA analysis based on Bray–Curtis distances between the genus-level profiles
of all patients showed no segregation for variables known to be strongly associated
with the GM composition [39], i.e., age (0–12 months, 1–5 years, 6–19 years), gender
and ethnicity (Caucasian vs. others) (p > 0.3, permutation test with pseudo-F ratios)
(Supplementary Figure S4).

On the contrary, the GM structures of KD, HSP and F patients were found to stratify
by abdominal involvement (ABDO 0 = no vs. ABDO 1 = yes) (p = 0.05) (Figure 3A).
In particular, the genera Odoribacter, Lactococcus and Sutterella were overrepresented in
children with abdominal involvement, while Ruminococcus, Faecalibacterium, Coprococcus
and Clostridium were overrepresented in those without abdominal involvement (p ≤ 0.05,
Wilcoxon test) (Figure 3B).
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Figure 2. Compositional differences in the gut microbiota of patients with Kawasaki disease, Henoch–
Schönlein purpura and non-KD febrile illness vs. healthy children. Boxplots showing the relative
abundance distribution of bacterial genera significantly differentially represented between each patient
group ((A) Kawasaki disease; (B) Henoch–Schönlein purpura; (C) non-KD febrile illness) and their
respective controls, carefully matched by age and sex (same colour code as in Figure 1). Only taxa with
relative abundance >0.1% in at least 3 samples are shown; ** for p < 0.01, Wilcoxon test.

Interestingly, in this cohort, IgA levels correlated positively with the relative abun-
dance of Bifidobacterium (tau = 0.556, p = 0.04; Kendall rank correlation test) but negatively
with that of Klebsiella (tau = −0.645, p = 0.03). Other significant inverse correlations were
observed between calprotectin levels and proportions of unclassified genera of Rikenel-
laceae, as well as between IL12p70 and IL10 with Blautia and between TNF-alpha and
Christensenellaceae_unclassified and Butyricimonas (tau ≤ −0.53, p ≤ 0.05). Christensenel-
laceae_unclassified also tended to correlate negatively with calprotectin (tau = −0.546,
p = 0.06), but positively with IgG (tau = 0.546, p = 0.06). IgG levels tended to correlate
positively with Bifidobacterium (tau = 0.5, p = 0.08) as well, but negatively with Klebsiella
(tau = −0.559, p = 0.06). Other noteworthy trends included a direct correlation of TNF-alpha
with Eubacterium (tau = 0.471, p = 0.09), and a negative one with Coprococcus and Prevotella
(tau = −0.497 and −0.524, respectively; p = 0.08). Unclassified genera of Lachnospiraceae
tended to correlate positively with IgA (tau = 0.5, p = 0.08) and IL10 (tau = 0.479, p = 0.07).
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Please see Supplementary Figure S6 for scatter plots of the correlation between genus-level
relative abundances and inflammatory/immunological parameters.
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Figure 3. The gut microbiota profiles of patients with Kawasaki disease, Henoch–Schönlein purpura
and non-KD febrile illness stratified by gastrointestinal involvement. (A) PCoA plot of beta diversity,
based on Bray–Curtis dissimilarity between the genus-level profiles. A significant separation between
patients with or without gastrointestinal involvement (ABDO 0 = no vs. ABDO 1 = yes) was found
(p = 0.05, permutation test with pseudo-F ratios). Ellipses include 95% confidence area based on the
standard error of the weighted average of sample coordinates. (B) Boxplots showing the relative
abundance distribution of bacterial genera significantly differentially represented between groups
(* p ≤ 0.05, post-hoc Wilcoxon test).

4. Discussion

To our knowledge, this is the first study exploring the GM profile in a mostly Caucasian
cohort of children diagnosed with HSP, KD and non-KD febrile condition.

Consistent with the existing literature on the GM of Asian subjects with KD and
HSP [22–25], all study patients, compared to an age/gender-matched cohort of HC, showed
some imbalances, including especially low proportions of typically health-associated and
short-chain fatty acid (SCFA)-producing taxa, such as those belonging to the Lachnospiraceae
and Ruminococcaceae families. However, it must be said that the decrease in SCFA producers
is a common sign of dysbiosis, shared by various (enteric and non-enteric) diseases, possibly
related to the presence of oxidative stress [40]. Although levels of SCFAs were not measured
in the present study, their decrease could further affect the already compromised host
immunological homeostasis [41]. Indeed, it has been shown that reduced levels of SCFAs
induce Th17/Treg imbalances [42] and favour pathogen-derived hypercytokinemia, the
latter being a potential environmental factor triggering KD development in genetically
susceptible children [43]. Consistently, we documented expected correlations between
known SCFA producers and pro/anti-inflammatory cytokines in KD, such as the inverse
ones between Blautia and IL12p70, Butyricimonas and TNF-alpha and Coprococcus and
TNF-alpha, and the positive one between Lachnospiraceae and IL10.

Interestingly, despite the small sample size, we were able to identify potential disease-
specific candidates, i.e., Dialister, which was underrepresented in KD and Clostridium and
Akkermansia, which were underrepresented in HSP. Furthermore, patients with F showed
a low relative abundance of Collinsella. It should be noted that such potential signatures
are different from those identified in previous studies [22–25], potentially being related
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to ethnicity and geographical effect, which are recognised as the main drivers of GM
variation [27,44]. As for Collinsella and Dialister, they are genera typically represented in
the infant GM as they are involved in the lactate cycle (lactose utiliser and lactate producer
the first, lactate utiliser the second) [44,45]. Their underrepresentation in the KD and F
groups, which included younger children, should be monitored over time, as it is known
that early GM imbalances, even temporary, could have long-term repercussions on the
child’s health [46–48]. Similarly, the reduced proportions of Akkermansia in children with
HSP could be a red flag as this genus is important for gut and metabolic health, and can
regulate immune responses [49–51].

Another interesting finding is that the GM structures of our patient population strat-
ified by abdominal involvement. In particular, children with abdominal manifestations
showed even smaller proportions of beneficial microbes (i.e., Ruminococcus, Faecalibacterium,
Coprococcus and Clostridium) and increased amounts of the genera Odoribacter, Lactococcus
and Sutterella. While no mechanistic links are available for these still poorly characterised
microorganisms, it is worth mentioning that Sutterella was found to be prevalent in chil-
dren with autism spectrum disorders with gastrointestinal dysfunction [52]. Intestinal
involvement occurs in approximately one-half of HSP cases, ranging from mild to more
significant and life-threatening findings [53]. Similarly, gastrointestinal involvement in KD
is frequent [5] and has been correlated with a more severe form of the disease, characterised
by coronary aneurysms [15]. Finally, with specific regard to KD, the GM profiles were
found to be unrelated to the KD clinical features, but a trend towards separation was
observed according to the IVIG response, suggesting a possible role of GM in modulating
the host response, which deserves further investigation.

Our study has some strengths and some limitations. This is the first study comparing
the most frequent vasculitis in childhood and non-KD febrile illness in a mostly Caucasian
cohort. In addition, this is the first study exploring a possible association between GM and
abdominal involvement in acute childhood illnesses. Furthermore, for the KD group, it
was possible to correlate GM composition with pro/anti-inflammatory cytokines, and also
faecal calprotectin, a common marker of intestinal inflammation [54]. The main limitations
of this study are the small sample size, which is due to the low incidence of these vasculitis,
especially KD, in our country, and the monocentric design of the study, which makes our
data very preliminary. Furthermore, we found high inter-individual variability in GM
composition, which likely prevented the detection of real GM-based signatures. Finally,
although 16S rRNA amplicon sequencing is the gold standard for microbiome studies, it is
a low-taxonomic resolution technique without the ability to provide functional information
other than through inference.

In conclusion, GM alterations were described in our cohort of children with acute
illnesses (KD, HSP, non-KD acute fever), with both shared and disease-specific features.
The implications of these findings, although preliminary and based on a small cohort,
are really promising: they could be a starting point for the design and introduction into
clinical practice of potential GM-based therapies, in order to improve patient outcomes
or modulate the disease severity. Further studies in larger cohorts, possibly including
multiple ethnicities and prospectives to dissect the role of GM in the course of the disease,
are urgently needed. For example, if the role of Akkermansia is confirmed, studies on
barrier functionality will have to be conducted. Studies of this type, also employing other
omics techniques (e.g., shotgun metagenomics, metatranscriptomics and metabolomics for
high-resolution taxonomic and functional insights) and in vitro or animal models, could
also contribute to the understanding of the etiopathogenesis of KD and HSP, both of which
are still unclear.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jpm12060973/s1, Figure S1: Alpha diversity of the gut microbiota in
paediatric patients with Kawasaki disease, Henoch–Schönlein purpura and non-KD febrile illness
vs. healthy children; Figure S2: Gut microbiota structure at phylum and family level in paediatric
patients with Kawasaki disease, Henoch–Schönlein purpura and non-KD febrile illness vs. healthy
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children; Figure S3: Associations between genus-level relative abundances and levels of C-reactive
protein in paediatric patients with Kawasaki disease, Henoch–Schönlein purpura and non-KD
febrile illness; Figure S4: The GM dysbiosis in paediatric patients with Kawasaki disease, Henoch–
Schönlein purpura and non-KD febrile illness is independent of potential confounding factors;
Figure S5: The gut microbiota profiles of paediatric patients with Kawasaki disease tend to stratify
by response to therapy; Figure S6: Associations between genus-level relative abundances and levels
of inflammatory/immunological parameters in paediatric patients with Kawasaki disease.
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