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Objectives: To investigate the relationship between recent antibiotic exposure
and the development of coronary artery lesions (CALs) during the clinical
course of Kawasaki disease (KD).

Design: Data were obtained from the 25th nationwide epidemiological survey of
KD conducted in Japan from 2017 to 2018. Baseline characteristics and clinical
course were compared between Antibiotics (+) and Antibiotics (=) groups.
Setting: Nationwide survey of KD in Japan.

Participants: KD patients were enrolled by response to a questionnaire sent to
physicians working in pediatrics at hospitals with >100 beds.

Exposure: Antibiotic exposure within one week before the first hospital visit as
KD patients.

Main outcome measures: The relationship between recent antibiotic exposure
and the development of coronary artery lesions (CALs).

Results: Out of 28,265 KD patients, 12,918 (45.7%) received antibiotics. In KD
patients who received antibiotics in the week before KD diagnosis, the
frequency of coronary artery lesions (CALs) at each phase were significantly
higher compared to those who did not receive antibiotics. In further analysis
using propensity score matching, recent antibiotic exposure and the initial
IVIG resistance were associated with CALs at the acute and the sequelae
phase. After adjusting for the status of initial IVIG resistance, recent antibiotic
exposure remained associated with CALs during the acute phase (adjusted OR
1.29, 95%Cl 1.16, 1.43) and the sequelae phase (1.26, 95%Cl 1.04, 1.52).
Conclusions: These observations suggest that recent antibiotic exposure might
be associated with higher frequency of CAL development in KD patients, possibly
by altering the gut microbiota and diminishing beneficial bacteria.
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Introduction

Kawasaki disease (KD) is an acute childhood febrile illness
identified by characteristic symptoms associated with systemic
vasculitis (1). Although high-dose intravenous immunoglobulin
(IVIG) therapy is highly effective for KD patients, 10% to 20% of
KD patients do not respond to IVIG, and coronary artery lesions
(CALs) develop in 5% of KD patients (2, 3). Hence, KD remains
the most common cause of acquired heart disease among children
in developed countries (3). The etiology of KD remains largely
unknown, but given its clinicopathological features, such as fever
and acute onset of symptoms, both infections and altered immune
responses are considered to be potential contributors.

Changes in the intestinal microbiota composition have been
implicated in the pathogenesis of several disorders, such as
obesity (4), asthma (5), and cardiovascular diseases (6). Several
studies using culture-based methods as well as metagenomics
analysis indicate that compared with healthy controls, KD
patients exhibit alterations in their fecal microbiota composition
and dysbiosis, characterized by diminished relative abundance of
beneficial bacteria, such as Lactobacillus, and increased
abundance of Streptococcus species (7-12). Furthermore, because
the acute febrile manifestation mimics infectious disease, patients
with KD are often treated with antibiotics before clinical
diagnosis of KD (13-16). Antibiotics alter the abundance,
taxonomic richness, and diversity of the intestinal bacteria, and
antibiotic-induced intestinal dysbiosis can persist after long-
periods (17). However, little is known as to whether antibiotic
of KD

pathophysiology and outcome of the disease. In an age- and sex-

exposure during the acute phase impacts  the
matched case-control retrospective study on 50 KD patients and
200 control subjects in Japan, Fukazawa et al. reported that there
was an association between previous antibiotic exposure and the
onset of KD, but no data were provided on severity or outcome
of KD such as development of CAL (18). In that study, the
median interval between the final dose of antibiotics and the
onset of KD was 2.5 months, a period that is insufficient for
restoration of the gut microbiota and complete resolution of
dysbiosis, and the authors suggested that prior antibiotic use may
contribute to the development of KD by affecting the intestinal
microbiota in infants and young children (17).

A previous study from Canada showed that in hospitals where
the KD caseload was low, the frequency of patients with incomplete
manifestations was higher, and they were more likely to be treated
with antibiotics than in high-caseload hospitals (19). However,
other studies have reported that incomplete KD was not
associated with a difference in antibiotic exposure (20, 21). In a
study reported from Greece, patients with incomplete KD and
previous antibiotic treatment were less likely to develop CALs
(22). In contrast, a recent study by Downie et al. reported a
significantly higher rate of prior antibiotic use during acute KD
among complete IVIG non-responders compared to IVIG
responders (23). Similarly, two additional studies reported that
antibiotic use during acute KD affected responsiveness to IVIG
and was associated with increased IVIG resistance (24, 25).

Teramoto et al. showed that dysbiosis in KD patients, marked by
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an increase in pro-inflammatory Ruminococcus gnavus and a
decrease in inflammation-suppressing Blautia in gut microbiome,
might be a susceptibility factor by affecting microbial diversity
and inflammatory responses (26). Taken together, these studies
suggest that dysbiosis of the gut microbiota may be linked to the
pathogenesis of KD. However, despite these reports, it remains
unknown whether antibiotic exposure before KD diagnosis may
be associated with a higher risk of developing CALs. To address
this question we investigated the relationship between recent
antibiotic exposure, and the development of coronary artery
lesions (CALs) during the clinical course of KD, using a
nationwide epidemiological survey of KD conducted in Japan
from 2017 to 2018.

Materials and methods

Longitudinal Kawasaki disease database
surveillance in Japan

of KD have been
conducted in Japan every two years since 1970. The present

Nationwide epidemiological surveys

study was conducted using the database from the 25th national
survey (2017-2018), in which questions regarding antibiotic
exposure were adopted for the first time. We sent the
questionnaire to physicians working in pediatrics at hospitals
with >100 beds and at specialized pediatric hospitals.

Cohort population and variable definitions

The baseline clinical data were extracted from the database as
follows: sex, date of birth, complete KD or not, recurrent status,
parental and sibling history of KD, day of the first hospital visit
(defining the onset of fever as day 1), the day of initial IVIG
treatment, response to initial IVIG and, if applicable, the types of
additional
additional IVIG, steroids, infliximab, immunosuppressive agents,

therapy following the first-line treatment, e.g,
and plasmapheresis. Complete KD was defined as having five or
six major signs/symptoms or four major clinical features with
CALs (27). Patients were divided into two age groups: less than
one year and over one year at the onset of the disease. The data
also included whether patients received antibiotic treatment
within one week before the first hospital visit, referred to below
as “recent antibiotic exposure,” and the presence of CALs during
the three-time points of evaluation by echocardiography: Phase 1
(at the time of diagnosis), Phase 2 (within 30 days from the
onset), and Phase 3 [sequelae (> one month)].

We excluded patients based on the following criteria: (i)
missing data of antibiotic exposure, (ii) did not receive initial
IVIG, (iii) received IVIG regimens other than 2 g/kg single dose
or missing the data of IVIG dosage, (iv) KD diagnosis being
made while in the hospital for another medical reason, (v) no
treatment within ten days, (vi) missing the date of the initial IVIG.

Because antibiotics were not randomly used in this study
population, selection bias could be a factor, so propensity score
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matching was done to assign participants to each group having
been exposed to antibiotics or not.

Statistical analysis

We first performed propensity score matching to balance the
baseline characteristics of the two groups. The propensity score
was calculated using multivariate logistic regression with
matching factors (age, sex, recurrent status, KD status as of
complete or incomplete KD, and day of the first hospital visit
and initial IVIG treatment). Differences in the features of KD
patients between the two groups were compared. Continuous
variables were expressed as the mean (SD), and categorical data
were expressed by number (%). In this study, the criteria for
CALs were based on the definition from the Japanese Ministry of
Health, Labor and Welfare, and we excluded coronary stenosis,
myocardial infarction, and valvular lesions. A coronary artery
dilatation was defined if the maximum internal lumen diameter
was >3 mm in children <5 years old or >4 mm in children >5
years old. A coronary artery aneurysm was defined as a lumen
size of 4 to 8 mm, and a giant coronary artery aneurysm was
defined as a lumen size >8 mm.

We performed bivariate comparisons using the Mann-Whitney
U-test for medians and the chi-square test for categorical variables.
Univariable and multivariable logistic regression models were
conducted to find the independent association with CALs;
unadjusted and adjusted odds ratio (OR) with 95% confidence
interval (95%CI) were calculated for each factor of the features of
KD patients. The significance threshold was set at 2-sided P
values <0.05 for all analyses. The IBM SPSS Statistics for
Windows package, version.27 (IBM, Armonk, NY, USA) was
used for all analyses.

Ethics approval

This study was approved by the Bioethics Committee for
Epidemiological Research, Jichi Medical University (9 October
2018, no. 18-070).

Results

We asked 1,804 hospitals to participate in this study, and 1,357
(75.2%) responded to the survey. A total of 32,528 KD patients
were included in the survey data. Among all patients, 1,514 were
missing information regarding antibiotic exposure, 1,612 did not
receive initial IVIG treatment, 891 received IVIG regimens other
than 2 g/kg in a single infusion, and 19 were missing date of
initial IVIG. There were four patients whose KD diagnoses were
made while in the hospitals for other medical reasons and 223
who did not receive IVIG within ten days. Therefore, 4,263
patients were excluded from further analysis. Finally, 28,265
patients were chosen from this cohort survey, of whom 12,918
(45.7%) received antibiotics, whereas the rest did not. After the
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propensity score matching, we analyzed 11,414 patients in each
group (Figure 1).

Demographic and clinical data between the
groups that received or did not receive
antibiotics: antibiotics (+) vs. antibiotics (-)

The demographic data of patients in the two groups are shown
in Table 1. Comparing the two groups, the proportion of children
younger than one year was lower (12.9% vs. 23.3%), and the
number of days of illness until the first hospital visit and the
initial IVIG treatment was significantly longer in the group that
received antibiotics than in the group that did not. Thus, we
included the following factors, age, sex, recurrent status, KD
status, and days of the first hospital visit and initial IVIG
treatment in the propensity score matching. After propensity
matching, the differences of these factors between the two groups
were balanced, and the rate of initial IVIG resistance and the
frequency of CALs at each phase were statistically higher in the
antibiotic group. In observative data, the proportion of steroid
use with Ist IVIG treatment was 12.7% vs. 13.6% between
the antibiotics group and the non-antibiotics group respectively
(p=0.002), however after propensity matching, the differences
were balanced to 13.6% vs. 14.2% (p =0.22) (Table 1). In addition,
the proportion of infliximab use was not different between the two
groups in the observative data (2.8% vs. 2.5%, p =0.12).

Proportion of different sizes of CALs
between antibiotics (+) and antibiotics (-)
groups at each phase

We compared the proportion of different sizes of CALs before
and after propensity matching between the two groups (Table 2).
Although the proportion of giant aneurysms was not different
between the two groups, the proportion of dilatations was higher
in the Antibiotics (+) group at the time of diagnosis (Phase 1)
and during the acute phase (Phase 2) before and after propensity
matching, and in sequelae (Phase 3) after propensity matching.
The proportion of aneurysms was higher in the Antibiotics (+)
group in phase 1 before propensity matching, and in Phase 3
both before and after propensity matching.

Association between prior antibiotic
exposure and development of CALs

In order to investigate the relationships between antibiotic
of CALs, we
multivariable logistic regression analysis with the outcome being

exposure and the proportion conducted
CALs at the time of diagnosis (Phase 1), during the acute phase
(Phase 2) and in sequelae (Phase 3). Table 3 summarizes the
coronary artery outcomes based on antibiotic exposure among
the two groups. Before propensity score matching, there was a

significant relationship between antibiotic exposure and the
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KD patients
N=32,528
1,514 patients, missing data of antibiotics exposure
1,612 patients, did not receive initial IVIG
| 891 patients, received IVIG regimens other than 2g/kg in single infusion
- 19 patients, missing data of initial IVIG
v 4 patients , KD diagnosis while in the hospital for other medical reasons
223 patients, did not receive initial IVIG within 10 days
KD patients who were analyzed
N=28,265
(12,918 patients received antibiotics,
and 15,347 did not)
A\ 4
1:1 propensity score-matching
11,414 patients 11,414 patients
received antibiotics did not receive antibiotics
FIGURE 1

Schematic for study participants: KD, Kawasaki disease.

TABLE 1 Demographic characteristics between antibiotics(+) and antibiotics(-) groups in the observed data and the propensity-matched data.

Observative data (N = 28,265)

Propensity-matched data

(N =22,828)
Antibiotics + Antibiotics— P value Antibiotics + Antibiotics— P value
(N =12,918) (N =15,347) (N =11,414) (N =11,414)
Male, No. (%) 7,373 57.1 8,832 575 0.42 4,763 417 4,882 428 0.11
Age <1 years, No. (%) 1,662 129 3,582 233 <0.001 1,631 14.3 1,616 14.2 0.78
Recurrent status, No. (%) 608 4.7 667 43 0.15 492 43 492 43 >0.99
Sibling history of KD, No. (%) 301 23 306 2.0 0.05 270 23 223 2.0 0.03
Parental history of KD, No. (%) 169 13 190 12 0.60 142 12 134 12 0.63
Complete KD, No. (%) 10,743 83.2 12,838 83.7 0.27 9,522 83.4 9,623 843 0.07
Dates of st visit, days, mean (SD) 4.26 +1.54 3.77 +1.49 <0.001 4.08 +1.27 4.05 +1.46 0.41
Dates of 1st IVIG, mean (SD) 523 +1.35 478 +1.31 <0.001 503 +1.22 5.03 +127 0.91
Corticosteroids with IVIG, No. (%) 1,644 127 2,094 13.6 0.002 1,557 13.6 1,621 142 0.22
Initial IVIG resistance, No. (%) 2,600 20.1 2,935 19.1 0.03 2,380 20.9 2,011 17.6 <0.001
CALs at phase 1 595 4.6 553 36 <0.001 521 46 377 33 <0.001
CALs at phase 2 1,045 8.1 1,058 6.9 <0.001 930 8.1 711 6.2 <0.001
CALs at phase 3 282 22 275 1.8 0.02 256 2.2 191 17 0.002

frequency of CALs. After matching for age, sex, recurrent status,
KD status, and day of the first hospital visit and initial IVIG
treatment, the frequency of CALs at each phase was still
significantly higher in the Antibiotics(+) group (P<0.001 at
Phase 1 and 2, and P=0.002 at Phase 3). Furthermore, the
association at each phase was still significant after adjusting for
resistance to initial IVIG treatment (adjusted OR 1.29, 95%CI
1.16. 1.43 in Phase 2, and 1.26, 95%CI 1.04, 1.52 in Phase 3).
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Stratified analysis according to complete KD or incomplete KD
presentations was done to explore the relationship between
antibiotic exposure and the development of CALs in these
subgroups and showed a statistically significantly higher
development of CALs at each phase in the Antibiotics(+) group
in the complete KD group, while in the incomplete KD
group the difference was significant only in the acute stage

(Phase 2) (Table 4).
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TABLE 2 Different sizes of coronary artery lesions (CALs) between antibiotics(+) and antibiotics(-) groups before and after propensity-matching.

Observative data 8,26 Prope a ed data
828
A o]lo) A olfe P e A DIO A pIO P value
O : Vi Vd Vd Vd| Vi

CALs at phase 1
Dilatations 552 43 523 34 <0.001 486 43 358 31 <0.001
Aneurysms 48 0.4 36 0.2 0.04 40 0.4 24 0.2 0.05
Giant aneurysms 4 0.03 5 0.03 0.94 3 0.03 3 0.03 >0.99
CALs at phase 2
Dilatations 909 7.0 919 6.0 <0.001 808 7.1 613 54 <0.001
Aneurysms 124 1.0 124 0.8 0.17 111 1.0 87 0.8 0.08
Giant aneurysms 12 0.1 15 0.1 0.90 11 0.1 11 0.1 >0.99
CALs at phase 3
Dilatations 200 1.5 198 13 0.06 181 1.6 136 1.2 0.01
Aneurysms 93 0.7 73 0.5 <0.007 83 0.7 51 0.4 0.005
Giant aneurysms 10 0.08 18 0.1 0.29 9 0.08 15 0.1 0.22

TABLE 3 Univariate and multivariate analysis for the development of
coronary artery lesions (CALs) at each phase among patients exposed to
antibiotics.

Odd 05% P value
atio

CALs at phasel
Crude 1.29 1.15-1.46 <0.001
Adjusted for propensity 1.40 1.23-1.61 <0.001*
CAL at phase2
Crude 119 1.09-1.30 <0.001
Adjusted for propensity 1.34 1.21-1.48 <0.001*
Adjusted for propensity and 1.29 1.16-1.43 <0.001°
resistance to initial IVIG
CALs at Phase 3
Crude 123 1.04-1.45 0.02
Adjusted for propensity 1.35 1.12-1.63 0.002*
Adjusted for propensity and 1.26 1.04-1.52 0.02°
resistance to initial IVIG

“Adjusted for sex, age, recurrent status, KD status (complete or incomplete KD), and days of
the first hospital visit and initial IVIG treatment.

" Adjusted for sex, age, recurrent status, KD status (complete or incomplete KD), days of the
first hospital visit and initial IVIG, and resistance to initial treatment.

Discussion

This is the first nationwide study in Japan investigating the
association between recent antibiotic exposure and the clinical
characteristics and outcomes of KD. We found that recent prior
antibiotic exposure one week before the diagnosis of KD may be
independently associated with developing CALs in KD patients,
possibly by altering the gut microbiota composition and
changing the relative proportions of beneficial vs.
detrimental bacteria.

There were several differences in the baseline and clinical
characteristics between the Antibiotics (+) and Antibiotics (=)
groups. In the Antibiotics (+) group, the proportion of ages
under one year was smaller, and this may reflect that antibiotics

were less likely to be prescribed for younger children compared
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with older children in Japan (28). Regarding a delay in the first
hospital visit for KD and the initial use of IVIG in the
Antibiotics (+) group (Table 1), symptoms of KD often mimic
infectious disease, and the patients who received antibiotics
might have required a longer observation period leading to a
delay in the referral for hospitalization and, consequently, to a
delay in the initial start of IVIG. After propensity matching, the
above imbalances in the baseline factors were corrected, however
the frequency of initial IVIG resistance and, more markedly, the
proportion of CALs remained higher in the Antibiotics (+) group
than in the Antibiotics (-) group. More importantly, the
proportion of moderate-sized aneurysms significantly
elevated in the sequelae phase in Antibiotics (+) group compared
to the Antibiotics (-) group after propensity matching,
suggesting a strong association of antibiotic exposure and the
development of CALs in KD. Early administration of initial IVIG
was previously reported to be associated with initial IVIG
resistance, and resistance to initial IVIG is a risk factor for
developing CALs (3). In our cohort, the proportion of initial
IVIG resistance was higher in the Antibiotics (+) group, although
the timing of the first dose of IVIG was delayed.

Although no specific and reproducible stool microbiota

was

signature has yet been observed in KD patients, increasing
evidence suggests that dysbiosis and alterations in the intestinal
microbiota could potentially influence the severity and outcome
of KD. Indeed, the participation of the gut microbiota in the
development and progression of KD cardiovascular lesions has
been demonstrated in an experimental mouse model of KD
(29). Kaneko et al. proposed that dysbiosis
characterized by reduced butyrate-producing bacteria in the gut
microbiome could contribute to the development of KD by
disrupting the balance of Th17/Treg cells, and potentially

vasculitis

triggering hypercytokinemia (30). In addition to changes in the
composition of the gut microbiota in KD patients, they also
reported reduced levels of fecal short-chain fatty acids (SCFAs),
such as butyrate, during acute KD (30). Bacteria-produced
SCFAs such as buytrate are considered beneficial, as they
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promote intestinal barrier function and improve cardiovascular
inflammation (31). Recently, a retrospective case-control study

= E 2 g § with 17,818 KD patients and 89,090 matched-control subjects
revealed that antibiotic usage within the past 6 or 12 months
may be associated with the development of KD among children,
and that this association was most prominent in children who
received 3 or more types of antibiotics within 12 months from

w w8 nlm|g developing acute KD (32).
lg g T lg 5 T Antibiotic exposure has the powerful effect of skewing the
S o 2 = o ~ composition of the intestinal microbiota, and we hypothesize that
3 %é % %é prior antibiotic exposure might be associated with increased
<Il|' <= ola 'T? <= 5|2 = severity of KD and the development of CALs due to aberrant
= > changes in the intestinal microbiota of KD patients (8). In
E E addition, microbiota-host interactions could modulate the
i T) production of inflammatory cytokines (33). Interestingly, using a
4_2,_ olele %’_ olelo metagenomic approach, Kinumaki et al. revealed that particular
£l *s M < | S S | = intestinal bacterial genera, including several Streptococcus spp.,
§ £ § £ % were highly abundant during the acute phase of KD. They
= -% ‘I\I' » -_g S concluded that these bacteria might be involved in the
€2 2 pathogenesis of KD (7). Notably, an earlier study by Takeshita
< HHE < BEE et al. showed a significant loss of beneficial Lactobacillus in the

gut microbiota of KD patients both with and without recent
exposure to antibiotics (8), and Chen et al. reported the presence
of altered gut microbiota, particularly diminished SCFA-

producing bacteria in a cohort of KD patients that were not
previously exposed to antibiotics (12). Thus, further prospective

<0.001
<0.001
0.02
<0.001
<0.001
0.001

metagenomics studies are required to identify the gut microbiota
changes induced by antibiotic exposure that may drive the

increase in vascular lesions in KD patients.
There are several limitations of the present study. First, because

TABLE 4 Coronary artery lesions (CALs) between antibiotics(+) and antibiotics(-) groups, divided into kawasaki disease (KD) status (complete KD or incomplete KD).

& 383 . Bl of the lack of space in the questionnaire, information regarding the
4] ko Qg details of the specific symptoms and indications that led to
= =
S ._g N & ._g o antibiotic use as well as the type of antibiotics used in these
S = é E = é patients, as well as inflammation markers and BMI data were not
N <= IERE g <= 2 g8 collected in this national survey. This is an important caveat, as
I .
é > there might have been more severe symptoms of KD or other
E E symptoms suggesting bacterial infections in the group that
ﬁ T) received antibiotics in the week prior to KD diagnosis. Indeed,
o —~ o wn ~lale patients who received antibiotics may have had symptoms similar
o +- NN 2 e . . . . . .
gl w3 | + to more severe illnesses, including sepsis. These patients in such
o YN o gu - i . .. I
O Bo O 2 severe clinical conditions usually require empiric antibiotic
0 e} . . .
s -_g o therapy and careful observation, which could result in a delay of
- —
s Z NN 2 é' N IVIG treatment. However, after propensity matching, the days of
n o o ® | O
e <= N illness until first dose of IVIG were not significantly different
between the groups. Nevertheless, it is plausible that the patients
in the Antibiotics (+) group could have had more severe illnesses
and inflammation than those in the Antibiotics (-) group, and
©
w may represent a different subset of KD patients more
- predisposed to developing CALs. Therefore, questions regarding
o % symptom severity, inflammatory markers and BMI information
% © should be included in the questionnaire for future nationwide
) ~|alo £ ~lal e surveys in Japan. Second, there may be other confounding factors
2 V|V Y b LIvl L
= Il & 23 % for severity of disease or risk factors that may influence the
> oA e [ ool . . .
o g 2 N development of CALs besides those included in our survey and
w @ @l 9 @ 9 @
e} 2122 I 222 listed above. We used factors known to impact the development
©) J|J|C ey J|Jg|d

of CALs, so a selection bias of those predisposing factors may
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exist. A recent study reported that overweight/obesity may be an
independent risk factor for CAL among KD patients (34). Third,
we defined complete KD as having five or six major signs/
symptoms or having four major clinical features together with
CALs, so that patients who satisfied the definition of complete
KD were more likely to be associated with the development of
CALs. It is important to note that the diagnostic criteria for
complete KD vary depending on the country. However, the
number of patients that had complete KD by our definition was
similar between groups. Finally, because this is a cross-sectional
analysis of a nationwide survey study, our data can only indicate
a potential association between prior use of antibiotics before the
diagnosis of KD and the development of CALs. Nevertheless, the
association reported here should stimulate future experimental
animal and prospective studies investigating the use of antibiotics
together with gut microbiome and metabolomic studies in KD
patients to determine whether prior use of antibiotics is an
independent predisposing factor for development of CAL.

Conclusions

These observations suggest that recent antibiotic exposure
might be associated with a higher frequency of CAL development
in KD patients, possibly by altering the gut microbiota and
diminishing beneficial bacteria. Prospective studies investigating
the use of antibiotics and gut microbiota composition by
metagenomic analysis are necessary to confirm whether prior use
of antibiotics is an independent predisposing factor for CAL
development in KD patients.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: https://www.jichi.ac.jp/
dph/inprogress/Kawasaki/.

Ethics statement

The studies involving humans were approved by The Bioethics
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