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Endothelial insult and damage is one of the reported consequences of SARS-CoV-2
infection. It has been associated with severe inflammation, thrombotic phenomena
and profound hypoxemia in critically ill patients. Endothelial activation leads to a loss
of the endothelium’s antithrombotic properties which, under normal conditions, are
maintained by the endothelial glycocalyx, a carbohydrate-rich layer that covers the
luminal surface of endothelial cells. In children, one of the serious forms of SARS-CoV-2
virus disease (COVID-19) is multisystem inflammatory syndrome (MIS-C). This new
disease is characterized by a large inflammatory response and frequent cardiovascular,
cutaneous and gastrointestinal disorders. We describe the first two cases of critically
ill children with MIS-C who evidenced a large inflammatory response associated with
elevated plasma and imaging biomarkers of endothelial activation and endothelial
glycocalyx degradation. This microcirculation involvement in MIS-C could, at least
partially, explain some of the clinical manifestations and laboratory and imaging alterations
found in these patients. These findings contribute to a better understanding of this
disease and suggest that medications to modulate the inflammatory response and
protect or restore the endothelial glycocalyx should be considered in future studies.
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INTRODUCTION

Since December 2019, when severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection was described, high morbidity and mortality have been seen worldwide. In April 2020, the
UK and several European nations reported the appearance of a new presentation of SARS-CoV-2
infection (1), known as “Multisystem Inflammatory Syndrome in Children (MIS-C)” which behaves
more aggressively, causing up to ten times greater mortality than that described for coronavirus
2019 disease (COVID-19) in the pediatric population (2). A recent publication in the USA found an
MIS-C mortality of 2%, while COVID-19 infection in children, in most series, is mild to moderate,
with a mortality of 0.1-0.2% reported in the pediatric population (3). The pathophysiological
processes associated with MIS-C are still not clearly understood.
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Recently, Consiglio et al. (4) carried out an analysis of plasma
proteins involved in the immune response and inflammation
in patients with MIS-C, including 120 proteins specific to
the inflammatory response. They sought to understand the
similarities and differences between MIS-C and Kawasaki
disease (KD). Children with KD evidenced a hyperinflammatory
response mediated by IL-17A, with elevated arteritis and
coronary disease biomarkers. Children with MIS-C, on the other
hand, showed autoantibodies against the structural endothelial
glycoprotein known as endoglin (which is deficient in patients
with hereditary hemorrhagic telangiectasia). This glycoprotein is
essential for arterial endothelial integrity, and is mainly expressed
in the vascular endothelium and cardiac muscle (5). Vella et al.
(6) had similar findings in hospitalized children with COVID-
19 and MIS-C. This group found that the immune response in
MIS-C was more similar to serious COVID-19 in adults. Elevated
activation of CD8' T cells was seen, including a subtype of
CD8™ cells with a vascular “profile” and CX3CR1 expression
suggestive of endothelial activation and damage. Autopsies on
adults with severe SARS-CoV-2 infection (7, 8) and, recently,
on a child with MIS-C (7), have found extensive endothelial
damage with macrophage activation, capillary leakage and
severe microthrombosis.

These thrombotic phenomena associated with endothelial
damage may be partially explained by degradation of the
endothelial glycocalyx under inflammatory conditions (9). The
glycocalyx is a negatively charged carbohydrate-rich layer
covering the luminal surface of all blood vessels. It is responsible
for modulating the mechanotransduction of the arterial and
venous systems and vascular shear stress phenomena, preventing
inflammatory cell migration and modulating prothrombotic
states, maintaining an antiadherent endothelial phenotype (9).
In pathologies such as sepsis, trauma and diabetes, among
others, endothelial glycocalyx damage has been associated
with thrombosis, a greater inflammatory response and worse
outcomes (10). The elevation of some plasma biomarkers such
as syndecan-1, endocan, chondroitin sulfate and heparan sulfate
has been reported as useful for identifying endothelial glycocalyx
damage (9, 10). In patients with sepsis, the elevation of syndecan-
1 and other biomarkers of vascular permeability has been found
to correlate with unsatisfactory outcomes such as death, the
need for renal replacement therapy and coagulation disorders
(11). More recently, noninvasive incident dark field (IDF)
or sidestream dark field (SDF) sublingual video microscopy
(Glycocheck™ System) has allowed in vivo identification of
microcirculation and endothelial glycocalyx damage indicators
(12). The system analyzes the perfused boundary region (PBR),
an inverse variable of endothelial glycocalyx dimensions in
sublingual microvessels. The software automatically detects,
analyzes and records the PBR according to microvascular
diameter from 4 to 25 microns. In healthy subjects, a value <2.0
microns has been observed in normal controls in investigations
of children and adults (13, 14). In patients with sepsis, higher
values have been correlated with disease severity and mortality
(12, 15). This system detects blood vessel density, red blood
cell velocity and glycocalyx damage, providing an estimate of
microcirculatory involvement. In studies of patients with sepsis,

it has been found to be useful in detecting endothelial and
glycocalyx damage, correlating the information obtained by
video microscopy with outcomes such as death, organ failure,
the need for renal replacement therapy and coagulation disorders
9, 12, 14, 15).

CASE DESCRIPTION

We recently encountered two patients with Centers for Disease
Control and Prevention (CDC) criteria for MIS-C who had
evidence of endothelial dysfunction, glycocalyx degradation, and
altered microcirculation documented by plasma biomarkers and
sublingual video microscopy (Table 1).

The first patient with MIS-C is an 8-year-old male
with a history of living donor liver transplantation due to
hepatoblastoma, who was on outpatient immunosuppression
with tacrolimus and prednisolone (Table 1). He was seen in
the emergency room (11/30/2020) for COVID-19 pneumonia
with a positive RT-PCR. He was discharged 6 days after
admission. Eight weeks later (02/01/2021), he was admitted to
the intensive care unit (ICU) due to a 4-day fever associated
with hypotensive shock, a maculopapular rash, respiratory
distress and chest pain. The initial laboratory tests showed
elevated acute phase reactants with inflammatory response, and
coronary aneurysms were confirmed by echocardiogram. Serum
biomarkers for endothelial glycocalyx damage (Recombinant
Human Syndecan-1 protein ELISA kit-abcam'>) were measured

and sublingual video microscopy (GlycochekTM System) was
performed, showing severe involvement of the endothelial
glycocalyx (Figure 1A and Table 1). Figure 1A shows a reduced
number of blood vessels with intermittent and slow flow in
various areas (Supplementary Video 1). This lower density,
perfusion heterogeneity and segmental involvement suggests
profound damage to the microcirculation. This image is analyzed

by the GlycocheckTM System software for calculating PBR, which
was found to be very altered at the various measurement times
in these patients with MIS-C, as was syndecan-1, which was
measured simultaneously and was very high (Table1). The
patient required invasive mechanical ventilation and vasoactives,
and 2 gr/kg of immunoglobulin were administered as well as
bursts of methylprednisolone for 5 days. He was discharged
after 4 weeks in the pediatric ICU (PICU). One day prior to
being transferred to the hospital floor, a new measurement was
taken with video microscopy and the PBR was found to have
normalized (1.68). An echocardiogram was performed prior to
hospital discharge, which showed persistent coronary aneurysms.
Therefore, outpatient treatment with acetylsalicylic acid was
ordered, as well as follow up with pediatric cardiology.

The second patient is a 17-year-old adolescent whose father
had had COVID-19 5 weeks prior, and who had no other
significant medical history (Table1). He presented to the
emergency room due to 5 days of headache with diarrhea
and fever, abdominal pain and musculoskeletal pain. On
admission, he was dehydrated and tachycardic, with abdominal
pain without signs of peritoneal irritation. An RT-PCR was
taken which was negative, but with positive IgG and negative
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TABLE 1 | Demographic, laboratory and echocardiographic description of patients with MIS-C and endothelial and glycocalyx involvement.

Clinical and laboratory data?®

MIS-C Patient1

MIS-C Patient 2

CONTROL Patient

Clinical characteristics
Age (years)

Sex

Weight (kg)

Mean arterial pressure (mmHg)

Heart rate (beats/min)

Standardized capillary refill (sec)

PIM 2 (%)

PELOD-2

SARS-CoV-2 tests
SARS-CoV2 IgM antibodies
SARS-CoV2 IgG antibodies
RT-PCR

Laboratory

Leukocytes (cel/ul)
Lymphocytes (cel/uL)
Hemoglobin (gr/dl)
Platelets (cel/uL)
Procalcitonin (ng/ml)
C-reactive protein (mg/dl)
Ferritin (mg/dL)

IL-6 (pg/mL)

D-dimer (mg/L)

Pro-BNP (pg/mL)
Lactate (mmol/L)
Troponin (ng/mL)
Creatinine (mg/dL)
Syndecan (ngr/mL)*
Syndecan-1
Syndecan-1P

Syndecan-1°

Sublingual video microscopy

PBR

PBRP

PBR®

PBRY

Capillary density D 4-6
CBV%

MHS Dyn
Echocardiogram
Coronary aneurysms
Mitral regurgitation

Pericardial effusion

8

M

18
52
135
4
32.30
10

Negative
Positive

Positive

15,700
1,770
9.6
63,200
22.2
14.71
> 40,000
133.8
8.26
117.7
6.65
0.04
0.6

206.3
207.6
224.3

2.56
2.25
2.18
2.06
14.6
65

1.97

Yes
No
No

17

54
76
95

28.5

Negative
Positive

Negative

8,380
440
17.3
114,000
3.3
31.92
591.07
148.6
9.39
3,917
1.03
0.16
0.8

233.93
223.93
227.68

2.29
2.25
2.22
2.03
13.3
47.5
1.19

No
No
No

15

60.8
93
83
<2
0.17

N/D
N/D

Negative

13,600
920
15.4
259,000
0.42
7.04
142.7
4.2
N/D
N/D
1.42
N/D
0.7

38.3
37.2
471

1.68
1.56
1.50
1.72
24

62.6
2.16

No
No
No

aAdmission values. PData 2 h after admission. ¢Data 6 h after admission. ?Data 24 h after admission. *Recombinant Human Syndecan-1 protein ELISA kit - abcam®. PIM: Pediatric
Index of Mortality, PELOD, Pediatric Logistic Organ Dysfunction; ProBNPF, Pro-B-type natriuretic peptide; CBV'%, capillary blood volume percentage; MHS Dyn, Microvascular Health
Score dynamic; PBR, perfused boundary region. N/D, Not done.
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FIGURE 1 | Sublingual video microscopy measurement images. (A) Patient 1 with MIS-C. The total number of vessels is considerably reduced and there is decreased

capillary recruitment. In addition, there is a lower capillary density and smaller diameter of venules compared with the control patient. (B) Control patient. Normal
appearance of the capillary network in the sublingual area. The capillaries, venules and arterioles are shown with normal distribution and density.

IgM antibodies. An inflammatory response was seen with
elevated nonspecific biomarkers such as C-reactive protein,
procalcitonin and ferritin, as described in Table 1. Syndecan-1
was also elevated, and sublingual video microscopy parameters
were altered. No coronary aneurysms were detected on the
echocardiogram, and no mitral regurgitation or pericardial
effusion were found. Fluid resuscitation was begun along with
vasoactive support. Immunoglobulin was administered at 2
gr/kg along with 4 mg/kg/day of methylprednisolone for 10
days. He was discharged after 3 weeks of hospitalization. Two
days prior to being transferred, the PBR was measured and
found to be within the normal range (1.54). During this same
period of time, a patient who underwent chest surgery for
pectus excavatum correction was hospitalized in the PICU for
postoperative monitoring. Inflammatory biomarkers, syndecan
and sublingual video microscopy were taken as a control
patient (Table 1). Figure 1B shows the normal appearance of
the capillary network in the sublingual area. The capillaries,
venules and arterioles can be seen. The Supplementary Video 2
shows good microvascular flow, with good capillary recruitment
and microcirculation perfusion, and a normal red blood
cell velocity.

DISCUSSION

Endothelial injury has been widely described in COVID-
19, but we are unaware of reports in children showing
endothelial glycocalyx damage in critically ill patients with
MIS-C. Recently, in adults, Fraser et al. found biomarkers
associated with endothelial glycocalyx damage, such as
syndecan-1 and chondroitin sulfate, to be higher, which
correlated with a prothrombotic state (16). In 19 adults with
COVID-19, Rovas et al. found very elevated syndecan-1
and very reduced heparanase-2, the factor responsible for
inactivating heparanase-1 which prevents endothelial glycocalyx
destruction (17). They also measured the sublingual circulation
and found that the endothelial glycocalyx damage indices
such as PBR were very altered in adult patients who required
mechanical ventilation due to SARS-CoV-2 pneumonia.

These findings are consistent with the alterations we found
in our two patients with MIS-C. Although PBR may be
altered for other reasons such as microvascular thrombosis,
inflammatory response or sepsis (9), the simultaneous
elevation of syndecan-1 at the various measurement times

strongly suggests endothelial glycocalyx degradation in
these patients.
Endothelial glycocalyx involvement and damage in

children with MIS-C could at least partially explain some
of the manifestations of shock, myocardial dysfunction
and cardiovascular disorders seen in these patients. As the
endothelial glycocalyx degrades, the protection barrier of these
cells is lost, favoring interstitial edema, capillary leakage and
multiple organ failure (9). In addition, the ability to sense
shear stress is lost, with the consequent release of nitric oxide
from the endothelium leading to the systemic vasodilation
frequently seen in children with MIS-C related shock (18).
Likewise, endothelial glycocalyx damage favors the migration
of inflammatory cells and elevation of acute phase reactants
frequently seen in these children. Awareness of endothelial
involvement and glycocalyx degradation in children with MIS-C
provides a deeper understanding of the pathophysiology of this
disease. It also raises the need to carry out prospective studies
to determine the relationship between elevated biomarkers of
endothelial glycocalyx damage or sublingual video microscopy
alterations and important complications described in MIS-
C such as kidney injury, multiple organ failure or death
(19, 20).

In adults, SARS-CoV-2 infection is often associated with large
vessel thrombosis (7, 8). There are no available descriptions
of this type of events in children with MIS-C. However,
since endothelial damage and glycocalyx degradation do
exist, a greater risk of thrombosis could be hypothesized,
given the loss of endothelial integrity and protection. In
our two cases, although no large vessel thrombosis was
found, there was evidence of elevated D-dimer, suggesting
associated microthrombosis phenomena. Prospective studies are
needed to evaluate the correlation between this endothelial
damage and glycocalyx degradation, and large and small
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vessel thromboses in children with SARS-CoV-2 infection
and MIS-C.

To our knowledge, this is the first report of endothelial
glycocalyx involvement and damage in children with MIS-
C. However, our report has some limitations. Only two
patients with MIS-C and the experience of a single center are
described. In addition, we did not measure other biomarkers
that suggest increased capillary permeability (angiopoietin)
or inflammatory response (interleukins), which could help
further explain the pathophysiology of the problem. These
cytokines are not routinely measured in middle and low-income
countries. However, other serum nonspecific inflammatory
biomarkers which are easily accessible in limited resource
settings were measured (C-reactive protein, procalcitonin), and
a significant elevation was found. Prospective studies with a
greater number of patients are needed to determine if there
is a correlation between the degree of endothelial damage,
glycocalyx degradation and the severity of inflammation in
children with MIS-C. Nonetheless, this finding, together with
prior descriptions of glycocalyx alterations in adults with active
SARS-CoV-2 infection (20), complements various interesting
hypotheses regarding endothelial activation and damage, as
well as glycocalyx degradation in these patients. These data
are important because they contribute to an understanding
of the pathophysiological phenomena associated with this
serious disease and provide partial biological explanations
for the clinical manifestations seen in critically ill patients
with MIS-C.
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