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Having first been described in Italy and England [1, 2], there are
increasing reports of a Kawasaki-like disease in connection to se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection of children. This illness has now been termed multi-
system inflammatory syndrome in children (MIS-C).

Kawasaki disease is a rare, acute, self-limited vasculitis primar-
ily affecting infants and young children under the age of 5.
Treatment of Kawasaki disease involves the administration of
immunoglobulins and is often successful if diagnosed early; how-
ever, 10-20% of patients show resistance to this therapy [3]. Its
main complications involve coronary artery stenosis and/or an-
eurysm formation. In contrast to Kawasaki disease, MIS-C seems
to affect older children, is resistant to intravenous immunoglobu-
lins, and can have relatively severe respiratory, gastrointestinal,
meningeal and cardiovascular involvement.

Pathophysiologically, there are similarities between Kawasaki
disease and atherosclerosis. Kawasaki disease vasculitis can cause
two manifestations of adult atherosclerosis, namely, stenosing
and calcifying sclerosis and aneurysm. There is accumulating evi-
dence that both Kawasaki disease and atherosclerosis are initi-
ated in the vasa vasorum—blood microvessels that supply the
walls of medium and large arteries and veins with nutrients and
oxygen [4]. When blood vessels are small, oxygenation of vessel
walls occurs through diffusion alone. However, at a critical thick-
ness, diffusion from the lumen becomes insufficient. As children
age and the blood vessel walls thicken due to increased pressure
load, hypoxic conditions in the outer media and adventitia trig-
ger angiogenic processes that result in vasa vasorum develop-
ment in other more distant areas of the arterial tree. Because
vasa vasorum are functional endarteries, no collateral flow from
neighbouring microvessels occurs if they become compromised.
There is abundant evidence that vasa vasorum dysfunction, via
obstruction or leakiness, can initiate atherosclerotic disease in the
parent vessel [4]. Similar to atherosclerosic disease development,

in the animal model of Kawasaki disease, the disease also appears
to progress in an outside-in manner, beginning in the adventitial
vasa vasorum and advancing inward towards the lumen [4, 5].
We suspect that the aortic root and proximal sections of the epi-
cardial coronary arteries are specifically affected in Kawasaki dis-
ease as these are the only arteries in young children that possess
vasa vasorum.

Despite decades of research, the underlying mechanisms of
Kawasaki disease and atherosclerosis disease development are
still unknown, however, infectious agents have been implicated
in both cases. The concentration of seasonal, wind-borne fungal
toxins correlates with several outbreaks of Kawasaki disease in
Japan implicating Candida albicans as the aetiological agent of
Kawasaki disease [6]. In animal models of Kawasaki disease, an
immunological reaction in response to administration of non-
infectious fungal (from C. albicans) or bacterial wall products is
sufficient to precipitate vasa vasorum dysfunction leading to cor-
onary artery arteritis with pathological features resembling
human Kawasaki disease [5].

While it seems quite clear that MIS-C has an infectious cause,
patients’ swabs often test negative for SARS-CoV-2. However,
patients with MIS-C have high titres of IgG and IgM against
SARS-CoV-2 suggesting the disease occurs in a later phase of viral
infection likely due to an adaptive immune response [2]. Recent
adult autopsy studies found that SARS-CoV-2 affects the blood
microvasculature through microthrombosis and endotheliitis, not
only affecting pulmonary vessels but often leading to systemic
impaired microcirculatory function in different vascular beds [7,
8]. The systemic effects of SARS-CoV-2 infection are likely due to
the expression of the virus receptor angiotensin-converting en-
zyme 2 in cells within the lungs, arteries, heart, kidney and intes-
tinal tract. The involvement of the large vessels during
coronavirus disease 19 (COVID-19) in both children and adults is
likely due to dysfunction of their vasa vasorum, however, to our
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knowledge, this has not yet been specifically investigated. SARS-
CoV-2-induced microthrombosis of vasa vasorum would lead to
hypoxic conditions in the adventitia, prompting neoangiogenesis.
Neovessels, in general, are inherently immature, fragile and leaky.
In addition to endotheliitis affecting the vasa vasorum, and there
is a high probability of lipoproteins, inflammatory cells and red
blood cells infiltrating blood vessel walls via vasa vasorum.
Accordingly, it will be important to track post-COVID-19 patients
to determine whether they have an increased risk of cardiovascu-
lar or cerebrovascular disease. A comparison between individuals
that had symptomatic infections with asymptomatic carriers
would be very interesting. We speculate that damage incurred to
vasa vasorum during a symptomatic SARS-CoV-2 infection would
predispose these large vessels to future atherosclerosis
development.

We strongly believe the unifying observation of malfunctioning
microvasculature in all three disease entities (atherosclerosis,
Kawasaki disease and MIS-C) cannot be overlooked. We would
like to highlight the potentially important role of a newly recog-
nized thrombotic component in all three diseases—neutrophil
extracellular traps (NETs). NETs are highly condensed DNA struc-
tures released by neutrophils that both trap and—due to a high
concentration of antimicrobial peptides—kill pathogens. While an
important innate immune response, NETs also have pro-
thrombotic consequences. Microthrombi triggered by NETs are
implicated in atherosclerotic plaque formation [4], have been re-
cently observed to be elevated in patients with Kawasaki disease
[9], and are now hypothesized to play an important role in the
pathology of COVID-19 [10]. There are several drugs being clinic-
ally tested that either degrade or prevent NET formation, with at
least six COVID-19-related trials registered on https://clinical
trials.gov to date. These new therapeutic approaches adminis-
tered to SARS-CoV-2 patients may illuminate novel strategies to
treat Kawasaki disease patients—especially for those resistant to
immunoglobulin therapy. Until viable therapies are validated to
tackle SARS-CoV-2 replication, treatment of adult and paediatric
COVID-19 should focus on maintaining microvascular integrity
using a combination of anti-oxidative, anti-inflammatory and
antithrombotic strategies.
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