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ABSTRACT

Kawasaki disease (KD) is a unique febrile illness of young children that can result in coronary
artery aneurysms, myocardial infarction, aneurysm rupture, and sudden death. The epidemiologic
features, including the young age group affected, the rarity of recurrence, and the presence of
epidemics and outbreaks, point to a single infectious causative agent. The recent decrease in KD
cases worldwide during pandemic mitigation supports transmission of the agent via a respiratory
route. However, substantial research over decades has shown that KD etiology cannot be linked to
any currently known infectious agent. We previously identified the presence of intracytoplasmic
inclusion (ICI) bodies in the bronchial epithelium in children with fatal KD and a convergent
plasmablast-derived antibody response to a specific protein epitope, supporting 1 predominant
respiratory causative agent. Here, we report immunohistochemistry and epitope binding using an
expanded pool of KD monoclonal antibodies prepared from single peripheral blood plasmablasts
from 12 children with acute KD. We identified 1 or more monoclonal antibodies from each of the
12 patients that recognized ICI bodies in KD bronchial epithelium. Using a representative mono-
clonal antibody, ICI bodies were detected in 20 of 20 children with fatal KD across 5 decades, 10
from the United States and 10 from Japan, and were absent in 19 of 20 infant controls (P < .001).
We also found that all 12 children with acute KD generated plasmablast(s) recognizing the pre-
viously reported peptide antigen. Taken together, these results point to 1 predominant causative
agent of KD across many decades and geographic areas and should direct future KD research
studies.

© 2025 United States & Canadian Academy of Pathology. Published by Elsevier Inc. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

Introduction

Kawasaki disease (KD) is an acute febrile illness of young
childhood that can result in arterial inflammation, particularly of
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the coronary arteries, with the potential complications of
myocardial infarction, aneurysm rupture, and sudden death.' The
etiology is unknown, but substantial clinical and epidemiologic
data support a ubiquitous infectious agent that usually results in
asymptomatic infection but causes KD in a subset of genetically
predisposed children.' Theories regarding the specific etiology
abound, with a theory being that KD is an autoimmune process
and that any infectious agent or environmental factor can trigger
the disorder in a susceptible host.> However, this theory would
predict that KD could occur at any age and would frequently recur,
although KD prevalence is the highest in infants, and recurrence is
rare, a pattern most typical of infection with a specific ubiquitous
pathogen.! The marked decrease in KD cases worldwide during
COVID-19 pandemic mitigation measures provided real-world
evidence of an infectious agent transmitted by the respiratory
route as the cause.>*

Our interest in the specific antibody response in children with
KD emerged following our initial observation that immunoglob-
ulin (Ig) A plasma cells infiltrate coronary arteries of children with
the disease, an unusual nonmucosal location for such cells.>® We
hypothesized that this IgA response was directed at the causative
agent of the disease, and in previous studies, we prepared 3
synthetic antibodies from immunoglobulin alpha heavy chains
clonally expanded within coronary artery tissue from a patient
with fatal KD in combination with random light chains. We
observed binding of these antibodies to the ciliated bronchial
epithelium of medium-sized airways in 10 of 13 cases of acute KD
and 0 of 9 infant controls.” This led us to perform light and elec-
tron microscopic studies of KD bronchial epithelial cells, which
revealed intracytoplasmic inclusion (ICI) bodies that were ho-
mogeneous, amphophilic, and identified by RNA but not DNA
stains; virus-like particles were found in close proximity to the
inclusion bodies.51

Because these initially prepared antibodies did not include the
in vivo cognate light and heavy chains from the patient, they did
not fully represent antibodies made by the patients, and
nonspecific binding unrelated to the disease was possible. To
obtain antibodies with cognate light and heavy chain partners, we
initially prepared 2 monoclonal antibodies from single peripheral
blood plasmablasts from children with acute KD and observed
similar binding to ICI bodies in the bronchial epithelium in 5 of 5
KD cases and 0 of 3 infant controls.'"'? The antibodies did not bind
to a human target by human protein array analyses.!" We then
sequenced immunoglobulin genes from 1315 single-cell plasma-
blasts from 12 KD patients, prepared monoclonal antibodies from
those that were clonally expanded in an individual patient’s
plasmablast repertoire, and tested peptide arrays to identify a
target of the antibodies.'” Following amino acid substitution an-
alyses of a peptide with reactivity against the initially prepared KD
monoclonal antibodies, we identified KD peptide 3 with
consensus amino acid sequence PMLFQSIV as a target of the KD
plasmablast response, particularly for antibodies of the heavy
chain variable family 3-74.'?

In this study, we prepared an expanded pool of monoclonal
antibodies from the 12 patients with acute KD, with the goal of
determining if all 12 patients had a plasmablast response
recognizing ICI bodies in KD bronchial epithelial cells. We also
evaluated a representative KD monoclonal antibody that gave
positive results by immunohistochemistry (IHC) (KD7-1D3) for
binding to KD tissues from fatal cases from diverse geographic
areas and over multiple decades. Finally, we tested this
expanded pool of antibodies to determine if all patients
generated plasmablasts that recognize the previously defined
protein epitope.

Materials and Methods
Subjects

Plasmablasts obtained from peripheral blood of 12 previously
reported'? children treated for acute KD included those from 4
patients who had normal coronary artery outcomes, 4 who
developed small aneurysms, 3 who developed medium-sized
aneurysms, and 1 who developed a large aneurysm
(Supplementary Table S1).

Plasmablast Isolation, Immunoglobulin Sequencing, and Antibody
Production

Plasmablasts were isolated from peripheral blood and their
immunoglobulin heavy and light chain variable region genes
amplified and sequenced as previously described.!™'? Briefly,
CD3— CD19+CD38++CD27++ cells were single cell sorted by
flow cytometry into 96-well plates, and RT-PCR amplification of
the immunoglobulin sequences, and Sanger sequencing of prod-
ucts were performed.">'* Immunoglobulin heavy and light chains
were cloned into human and rabbit immunoglobulin heavy chain
gamma, kappa, and lambda expression vectors,'>!# and antibodies
were produced by cotransfection of 293F suspension cells fol-
lowed by purification of supernatants using protein A chroma-
tography.'"'> Despite the original isotype of the plasmablast, all
antibodies were prepared as IgG monoclonal antibodies because
the isotype does not affect antigen binding. We defined clonally
expanded plasmablasts as those of the same heavy and light chain
families and whose CDR3 sequences had the same length and
sequence with up to 3 amino acid substitutions. We initially
prioritized clonally expanded plasmablasts in each patient’s
plasmablast data set for antibody production; we then randomly
selected additional plasmablasts of the VH3-74 and other heavy
chain families for antibody production. Heavy and light chain
sequences of the additional monoclonal antibodies prepared for
this study have been submitted to GenBank with accession
numbers PQ510073 to PQ510113. Those previously reported are
available as GenBank accession numbers MK416266-MK417513
and OP207904-0P207952.

Enzyme-Linked Immunosorbent Assay

Antibodies were tested for reactivity to bovine serum
albumin—conjugated peptides KD peptide 3 and a scrambled
version as previously described.'? The sequence of KD peptide 3
is H-PAVIPDRPMLFQSIVEMEEC-OH and the scrambled version
is H-FPILEDMEPMVERVAIQPSC-OH. Wells were coated with
800 ng of peptide, and monoclonal antibodies were tested at a
dilution of 1:500. Following incubation with horseradish
peroxidase—labeled secondary antibody, color development
was with 3,3',5,5'-tetramethylbenzadine (TMB) followed by
sulfuric acid. Absorbance at optical density (OD) 450 of at least
0.5 (OD using KD peptide- OD using scrambled peptide) after 10
minutes of incubation with TMB was considered positive. We
also performed confirmatory testing on a subset of antibodies
showing positive results in the initial enzyme-linked immu-
nosorbent assay using an inverse sandwich assay, with good
correlation. For this assay, in brief, wells were coated with 100
ng of anti-immunoglobulin antibody followed by 200 ng of KD
monoclonal antibody, 100 ng biotinylated KD peptide 3 or
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scrambled peptide, streptavidin-horseradish peroxidase at
1:5000, TMB, and sulfuric acid in successive steps.

Immunohistochemistry

IHC was performed as previously described.”® For IHC using
KD monoclonal antibodies, tissue sections were processed using
antigen retrieval with 0.01 M sodium citrate buffer at pH 6.0 and
blocking with Bloxall (Vector Labs) followed by 3% goat serum.
Versions of KD monoclonal antibodies made with rabbit constant
heavy chains were applied to the sections at a dilution of 1:100
followed by biotinylated anti-rabbit IgG (Vector Labs). In some
cases, background staining at 1:100 was high, and the assay was
repeated using a higher dilution. Tissue staining was achieved
using an ABC Elite Kit and DAB (3'3'-diaminobenzidine) (Vector
Labs).

Immunohistochemistry Images

Images were acquired using the Hamamatsu 210 Nanozoomer
Slide Scanner and NDP.view 2.9.29 software.

Statistical Analysis

The Fisher exact test was used to compare the prevalence of
detection of ICI bodies in the bronchial epithelium of children with
KD versus controls.

Results

Expanded Repertoire of Antibodies Prepared From Peripheral Blood
Plasmablasts From Children With Acute Kawasaki Disease
Recognize Antigen in Kawasaki Disease Bronchial Epithelium as
Revealed by Immunohistochemistry

Here, we provide a detailed documentation of 36 monoclonal
antibodies prepared from plasmablasts derived from 12 KD pa-
tients (Supplementary Table S1) that recognize antigen localized
to ICI bodies in the epithelium of medium-sized airways of fatal
KD cases (Table 1, Supplementary Table S2). We tested these an-
tibodies using lung tissue sections from 2 cases of KD for which we
had multiple tissue blocks. We identified at least 1 antibody (from

Table 1
Monoclonal antibodies generated from plasmablasts of patients with acute KD that identify intracytoplasmic inclusion bodies in KD bronchial epithelium (N = 36)
Patient MAb IGHV JH HCDRS3 length AA mutation IGK(L)V K(L) CDR3 length AA mutation PB isotype
from GL from GL
KD1 KD1-2G11° 3-15*01 4 15 10 K1-39*01 9 10 IgA
KD1-1F3° 3-7*01 4 10 5 K2-29*02 8 2 IgA
KD1-2H10 3-7*01 4 10 6 K2-29*02 8 2 IgA
KD1-1H8* 3-74*01 2 15 7 K3-15*01 9 2 IgA
KD2 KD2-1D10* 3-74*01 4 14 7 L2-8*01 11 4 IgG
KD3 KD3-1C10* 3-74*01 6 12 10 K3-20*01 10 9 IgA
KD4 KD4-2H4>" 3-74*01 2 14 4 L2-11*01 10 0 IgG
KD5 KD5-2C1° 4-61*02 4 16 1 K3-20*01 11 0 IgG
KD5-2D7° 3-74*01 6 13 6 L1-44*01 13 6 IgG
KD6 KD6-1A2° 1-45*02 3 13 17 L7-46*01 10 12 IgA
KD6-2B2>" 3-33*01 3 12 15 K1-5*01 10 9 IgA
KD6-2H3*" 3-15*01 3 19 9 K3-15*01 8 5 IgG
KD6-1A10° 3-33*03 4 20 11 L1-44*01 10 11 IgA
KD7 KD7-2C1 3-23%01 4 14 13 L5-45*02 9 10 IgA
KD7-1D3? 3-23#01 4 11 15 K1-5*03 9 3 IgA
KD7-2A9 5-10-1*03 4 13 20 K1-5*03 9 11 IgA
KD8 KD8-1D4" 3-72*01 3 12 1 K1-6*01 9 4 IgA
KD9 KD9-1E10 1-46*01 4 12 22 L1-44*01 11 10 IgA
KD9-2C5° 4-59*08 6 14 4 L2-23*01 10 7 IgM
KD9-1B5" 4-59*08 6 14 2 L2-23*01 10 6 IgM
KD9-1A10 3-30*02 4 16 20 K3-11*01 9 13 IgA
KD9-2F6? 3-73*01 3 16 1 K4-1*01 9 1 IgA
KD9-1D2° 1-46*01 4 11 5 L7-43*01 9 8 IgG
KD10 KD10-2A1° 4-31*03 4 10 14 L7-46*01 11 6 IgA
KD10-1A10 4-34*01 4 15 20 K3-20*01 9 12 IgA
KD11 KD11-1C2° 1-46*01 4 16 15 K2-30*02 9 5 IgA
KD11-1E9" 1-46*01 4 16 28 K2-30*02 9 6 IgG
KD11-2H6" 3-21*01 4 15 11 L9-49*01 13 4 IgG
KD11-1B12° 3-49*03 6 25 10 K3-15*01 8 8 IgG
KD11-2E7" 4-4%02 5 18 15 K1-17*01 9 8 IgG
KD11-1F6" 4-39*07 3 18 16 K3-20*01 8 16 IgG
KD11-2E10° 4-59*01 3 16 16 K1-33*01 9 13 IgG
KD11-1D6" 6-1*01 4 13 0 L1-47*01 11 0 IgA
KD11-2A12%° 3-21*01 4 13 0 K3-20*01 10 0 IgA
KD12 KD12-1A10° 3-21*01 4 17 4 K1-47*01 11 3 IgG
KD12-2A1%" 3-74*01 4 16 1 K3-20*01 9 1 IgA

AA, amino acid; GL, germline; Ig; immunoglobulin; KD, Kawasaki disease.
2 Ab also binds to KD peptide 3.
b Clonally expanded within the patient’s plasmablast pool.
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1 to 9) from each of the 12 KD patients that binds to the inclusion
bodies. These KD monoclonal antibodies were genetically diverse
and originally derived from IgG, IgA, and IgM plasmablasts
(Table 1). The majority of the ICI body—binding monoclonals was
generated from plasmablasts that had class switched to IgG (13/
36) or IgA (21/36). An additional 22 monoclonal antibodies that
we prepared did not bind to KD tissue (Supplementary Table S3).
The prominent IgA response is in keeping with our initial obser-
vations of IgA plasma cells in KD coronary arteries®® and dem-
onstrates that IgA antibodies made by KD patients recognize
antigen(s) in KD tissues.

ICI bodies were observed in medium-sized airways, including
small bronchi/bronchioles. ICI bodies were not observed in the
large bronchi, trachea, nasal epithelium, or small peripheral
bronchioles.

Single Kawasaki Disease Monoclonal Antibody Identifies Antigen in
All of 20 Fatal Kawasaki Disease Cases Across 5 Decades and 2
Continents

To determine if a single KD monoclonal antibody (ie, that
would target a single antigen) would recognize antigen from cases
that spanned 47 years and 2 continents, we performed IHC on
multiple KD and control tissues using a representative ICI
body—binding monoclonal, KD7-1D3. We found that monoclonal
antibody KD7-1D3 bound antigen localized to ICI bodies in the
bronchial epithelium of all 10 Japanese and 10 US children who
died of KD within 1 month after disease onset. These tissues were
from KD patients who died over a 47-year time span, from 1968 to
2015 (Figs. 1 and 2, Supplementary Table S2). These results
document the presence of the same antigenic target in all cases.
Because the epidemiology of KD supports infection by a ubiqui-
tous agent that usually causes asymptomatic infection, with
symptomatic infection occurring in only a subset of genetically
predisposed children, it could be predicted that occasional con-
trols would also be infected.' ICI bodies were not observed using
KD7-1D3 in 19 control infants who died of respiratory syncytial
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virus infection, influenza infection, congenital heart disease, or
other non-KD conditions (Fig. 3A-I, Supplementary Table S2). In-
clusion bodies were observed in an infant control with dilated
cardiomyopathy of unclear cause (Fig. 3], Supplementary
Table S2). Therefore, inclusion bodies were detected in 20 of 20
children with KD and 1 of 20 infant controls (P < .001). The fact
that a single monoclonal antibody from peripheral blood of a child
with acute KD can detect the inclusion bodies in archival tissues
from all 20 children who died of KD from diverse geographic lo-
cations in the United States and Japan across 5 decades strongly
supports a single infectious agent in its pathogenesis.

To determine if the antigen could be detected in coronary tis-
sue, we used monoclonal antibody KD7-1D3 to evaluate binding
in coronary artery tissues of 11 children with KD who died 2 to 5
weeks after illness onset (Supplementary Table S2). No specific
binding was detected in these coronary artery tissues. Testing of
coronary arteries from 3 KD cases using several other KD mono-
clonal antibodies yielded similarly negative results. Lack of anti-
gen detection at this site could have resulted from the vigorous
inflammatory response observed in the coronary arteries in all
cases that could have resulted in clearing of antigen, a lack of
antigen expression at this site irregardless of the inflammatory
response, an inability for inclusion bodies to form and/or persist in
cell types other than the bronchial epithelium, or other unknown
factors.

Subset of Plasmablasts From Children With Acute Kawasaki
Disease Encode Antibodies That Bind to a Specific Peptide, and a
Third of the Antibodies That Recognize Antigen in Kawasaki
Disease Bronchial Epithelium Also Bind to the Peptide

We previously identified a convergent VH3-74 response to a
specific peptide sequence among 20 KD monoclonal antibodies. In
this study, we prepared additional antibodies from plasmablasts
of the VH3-74 and other randomly selected heavy chain families in
our data set and tested them for reactivity to KD peptide 3. We
identified at least 1 antibody (1-5) from each of the 12 patients

Intracytoplasmic inclusion bodies in bronchial epithelial cells of 10 children with Kawasaki disease from Japan. (A-]J) Inmunohistochemistry using monoclonal antibody KD7-1D3
on lung tissue showing brown spherical intracytoplasmic inclusion bodies in epithelial cells of medium-sized airways in all cases (Supplementary Table S2). Scale bar, 50 pm.
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Figure 2.

Intracytoplasmic inclusion bodies in bronchial epithelial cells of 10 children with Kawasaki disease from the United States. (K-T) Immunohistochemistry using monoclonal
antibody KD7-1D3 on lung tissue showing brown spherical intracytoplasmic inclusion bodies in epithelial cells of medium-sized airways in all cases (Supplementary Table S2).
Scale bar, 50 pm.

Figure 3.

Intracytoplasmic inclusion bodies are rarely observed in bronchial epithelial cells of infant controls. Immunohistochemistry using monoclonal antibody KD7-1D3 on lung tissue
of children with non—Kawasaki disease conditions from the United States. Inclusion bodies were not observed in 19 infant controls (Supplementary Table S2, cases A-I shown as
examples) but were present in an infant who died of dilated cardiomyopathy of unclear cause (Supplementary Table S2, case ]). Scale bar, 50 um.
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Table 2

Monoclonal antibodies generated from plasmablasts of patients with acute KD that recognize KD peptide 3 (N = 32)

Patient MAb IGHV JH HCDR3 length AA mutation IGK(L)V K(L) CDR3 length AA mutation PB isotype
from GL from GL
KD1 KD1-2B1 3-74*01 6 13 4 L2-11*01 10 3 IgA
KD1-1H8 3-74*01 2 15 7 K3-15*01 9 2 IgA
KD1-2F3 1-18*01 4 20 16 K4-1+03 9 7 IgM
KD2 KD2-1D10 3-74*01 4 14 7 L2-8+01 11 4 IgG
KD3 KD3-1C10 3-74*01 6 12 10 K3-20*01 10 9 IgA
KD4 KD4-2H4" 3-74%01 2 14 4 L2-11*01 10 0 IgG
KD5 KD5-2D7 3-74*01 6 13 6 L1-44%01 13 6 IgG
KD5-2D10 3-74*01 3 15 0 K3-15%01 10 0 IgG
KD6 KD6-2B2° 3-33*01 3 12 15 K1-5*01 10 9 IgA
KD6-2H3* 3-15*01 3 19 9 K3-15*01 8 5 IgG
KD6-2H8 3-74*01 4 10 9 K2-40*01 9 4 IgA
KD7 KD7-2H5 3-74*01 4 11 1 L1-47*01 11 0 IgA
KD7-1B5 3-33*01 4 12 6 L1-51*01 11 0 IgA
KD7-1E6 3-23*01 3 20 6 L4-69*02 9 4 IgA
KD7-1D3 3-23*01 4 11 15 K1-5*03 9 3 IgA
KD8 KD8-1D4* 3-72*01 3 12 1 K1-6*01 9 4 IgA
KD8-2E9 3-74*01 3 13 5 L1-51*01 11 4 IgG
KD8-2C10 3-74*01 4 10 5 K1-16*02 9 3 IgA
KD8-2A9 3-21*01 2 14 0 K1-5*03 8 0 IgM
KD9 KD9-2F6 3-73*01 3 16 1 K4-1*01 9 1 IgA
KD9-2B1 3-21*01 4 19 2 K1-5*03 9 0 IgG
KD10 KD10-1G3 3-73*01 5 15 14 L5-37*01 11 20 IgA
KD10-1A8 3-74*01 3 11 8 K2-29*02 9 3 IgG
KD10-1F7° 1-2*02 4 12 1 K3-15*01 9 4 IgA
KD10-2F6 3-74*01 4 10 6 L2-14*01 10 10 IgG
KD11 KD11-2E4 3-74*01 4 19 11 K1-5*03 11 4 IgA
KD11-2A12° 3-21*01 4 13 0 K3-20%01 10 0 IgA
KD12 KD12-2A1° 3-74*01 4 16 1 K3-20*01 9 1 IgA
KD12-1F10" 3-21*01 4 8 0 K1-39*01 9 0 IgA
KD12-2A10% 3-15*07 4 12 7 K3-20*01 9 7 1gG
KD12-1G7¢ 3-66*01 4 11 10 L1-44%01 11 6 IgA
KD12-1H2*° 3-21*01 4 8 0 K1-39*01 o 0 IgA

AA, amino acids; GL, germline; KD, Kawasaki disease.
2 Clonally expanded within the patient’s plasmablast pool.

that recognized the protein epitope (Table 2). Twelve of the 36
(33%) monoclonal antibodies that detected antigen by IHC also
reacted with KD peptide 3 by enzyme-linked immunosorbent
assay, as indicated by ? in Table 1. The antibodies recognizing KD
peptide 3 were genetically diverse and derived from IgG, IgA, and
IgM plasmablasts (Table 2).

Although VH3-74 antibodies were common in this data set,
antibodies of other VH families also bound to the peptide. For
example, patient KD9 did not use VH3-74 among 81 plasmablasts
sequenced, and the antibodies that recognize the peptide were of
the VH3-73 and VH3-21 families. However, of 20 VH3-74 antibodies
prepared from the other 11 patients, 15 (75%) recognized the
peptide (Table 2) and 5 did not (Supplementary Tables S4 and S5),
and each of these 11 patients had plasmablast(s) of the VH3-74
family that recognize the peptide. These results extend our previ-
ous findings'? and support a convergent VH3-74 response to a
specific antigen in acute KD patients, consistent with the same
antigenic trigger for KD.

Discussion

In this study, we report that monoclonal antibodies generated
from plasmablasts of patients with acute KD recognize antigens in
the bronchial epithelium of KD fatalities from widely diverse
geographic locations and across 47 years, providing strong

evidence to support a single infectious agent or a closely related
group of agents in its pathogenesis. These results are not consis-
tent with a hypothesis that a diverse array of microbes or envi-
ronmental toxins cause KD.

Several lines of evidence support the hypothesis of a respira-
tory pathogen as the cause of KD. Recent decreases in KD inci-
dence during pandemic mitigation were significant but were not
as dramatic as for cases of respiratory syncytial virus or influenza
virus, viruses that do not result in persistent infection.>*!® The
incidence of roseola, caused by human herpesvirus 6/7, which is
thought to be largely transmitted from persistently infected in-
dividuals in the home, was not affected by pandemic mitigation
strategies.> We have previously observed ICI bodies in a subset of
children with KD months to years after KD onset,'® and epide-
miologic evidence supports a persistent agent in KD pathogen-
esis.””!® Taken together, these observations and pathologic
findings lead us to propose a theory that posits 2 potential modes
of transmission of the KD agent (Fig. 4). Transmission from an
acutely infected but largely asymptomatic child in the community
could account for the typical winter-spring predominance in
temperate climates and decreases in KD transmission with
pandemic mitigation, whereas transmission from a persistently
infected parent or child in the home could serve as a second mode
of transmission. The fact that infant cases of KD did not substan-
tially diminish during pandemic mitigation and have not signifi-
cantly changed over the decades despite increases in KD incidence
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Proposed Routes of Respiratory Transmission for the KD Infectious Agent
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Hypothetical model of respiratory transmission of the Kawasaki disease infectious agent. This model is based on pathologic, immunologic, and epidemiologic data.

in older children fits well with the theory that infants in particular
primarily acquire the KD agent within the home.>'?

It is notable that most antigen-positive airways in KD lung
appeared largely noninflamed and intact despite the presence
of the inclusion bodies. However, a subset of medium-sized
airways in KD lung are inflamed’® and we previously
demonstrated the presence of antigen in inflamed KD bron-
chial epithelium.! We hypothesize that early bronchial
epithelial infection with the KD agent can result in immune
attack, but that when inclusion bodies form, they can become
quiescent, evade the immune system, and persist, with peri-
odic reactivation allowing for infection of new bronchial
epithelial cells and potential transmission of the infectious
agent to an uninfected individual through respiratory shed-
ding (Fig. 4). Our hypothesis is that the agent is taken up by
macrophages in the lung and travels in the bloodstream to
target medium-sized arteries, particularly the coronary ar-
teries. The pathogen is cleared by innate and acquired immune
mechanisms that can substantially injure the arterial walls and
result in aneurysms. Although a human target of immune
response in KD arteries is possible, we find it difficult to
reconcile the severity of potential outcomes in KD with the
short-lived and nonrecurring nature of the condition if a hu-
man antigen were the primary target.

There are many challenges to identifying the etiology of KD.
The causative agent is most likely to be a “new” virus whose ge-
netic sequence is presently unknown, potentially making it diffi-
cult to identify as a virus in high-throughput sequencing data sets
from patient tissues.”'? Indeed, the known human respiratory
viruses have not been documented to form exclusively ICI bodies
in vivo in bronchial epithelial cells, although several animal vi-
ruses such as porcine circovirus and canine distemper virus are
known to do so in their specific hosts.>"*? KD affects very young
children, and samples available for research are limited; the target
tissue of the disease, the coronary artery, is not able to be sampled
by researchers in living patients; the infectious agent may be
present in greatest quantity in tissues inaccessible to the
researcher and before disease onset; fatalities generally occur
weeks to months after disease onset, when the pathogen may be
present in low quantities or has been cleared by the immune
system; and fatal cases are rare, and tissues are generally placed in
formalin and often in paraffin, making them less suitable for many
research studies.

When multisystem inflammatory syndrome in children
(MIS-C) emerged as a late sequela of infection with SARS-CoV-2, it
was initially proposed that the entity was related to KD because of
some clinical similarities. However, subsequent studies showed
that MIS-C differs from KD in its epidemiology, immunology, and
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pathology.*?>?* Most importantly, coronary arteritis, a universal
feature of KD fatalities,”” has not been reported in MIS-C au-
topsies.”>?>?5 We previously reported that KD monoclonal anti-
bodies do not react with SARS-CoV-2 spike or nucleocapsid
proteins.'?

We previously observed virus-like particles in close proximity
to ICI bodies in formalin-fixed bronchial epithelial tissues from
children with KD with close scrutiny,’ but fine detail of the
particles could not be determined with this fixative. We per-
formed high-throughput RNA sequencing of KD lung tissue and
laser-capture microdissected bronchial epithelium without
identifying the pathogen, but the tissues available for these
studies were formalin fixed and paraffin embedded, with a
limited number of medium-sized airways in each block, limiting
the conclusions that could be drawn from a negative result. We
have been unable to test for the presence of inclusion bodies in
living patients with less severe KD because potentially accessible
airway tissues such as the nasal and tracheal epithelium do not
reveal the inclusion bodies. We speculate that the localization of
inclusion bodies to medium-sized airways reflects the presence
of a specific receptor on these airways that is not present on large
airways or small peripheral bronchioles. Pathologists encoun-
tering an acute KD fatality could provide a very valuable
contribution to the field by dissecting medium-sized airways and
placing them both in glutaraldehyde for electron microscopy and
in tissue freezing medium for molecular studies such as high-
throughput sequencing.

Our study is limited by the scarcity of tissues from fatal KD
cases, although we believe that identification of ICI bodies in the
bronchial epithelium in all 20 fatal cases from the United States
and Japan across 5 decades that are targeted by the acute KD
plasmablast response is highly significant. Although we have
identified a commonly targeted epitope of the B-cell response to
KD, the infectious agent from which the epitope presumably de-
rives remains unknown and continues to be an important focus
for future KD research studies. There are likely other epitopes of
the etiologic agent that stimulate a plasmablast response, as evi-
denced by the monoclonal antibodies that we prepared that
recognize ICI bodies by IHC but do not recognize KD peptide 3. We
are presently determining whether an enzyme-linked immuno-
spot assay can be used to identify plasmablasts targeting the KD
peptide 3 epitope as a potential diagnostic test for acute KD. We
are also performing high-throughput sequencing of respiratory
samples from family members of children with KD in an attempt
to identify the etiologic agent.

In conclusion, we report consistent detection of antigen tar-
geted by the acute plasmablast response to KD localized to ICI
bodies in the bronchial epithelium of children with KD. Patholo-
gists may be uniquely positioned to identify the putative etiologic
agent by performing critical research studies of autopsy tissues of
a fatal acute case that they may encounter in families who con-
sent. Fatal cases of acute KD most often occur in very young infants
in whom the diagnosis is not initially considered.”’->° Future KD
research studies should focus on identifying an infectious agent
targeted by the acute KD plasmablast response. Identification of
the etiology of KD is the best single means to develop a diagnostic
test, improve therapy, and ultimately prevent this important
illness of young children.
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