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The pediatric inflammatory multisystem syndrome tempor-
ally associated with severe acute respiratory syndrome corona-
virus 2 infection is a severe complication of coronavirus disease
2019. Since impaired coagulation and thrombosis/endotheliitis
are suspected pathomechanisms, we treated 2 patients with
defibrotide, a profibrinolytic, antithrombotic, antiinflammatory
Symptoms
Moreover, coagulation parameters indicating hypofibrinolysis

oligonucleotide. resolved during treatment.
and complement activation normalized.
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Infection with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) in adults can cause respiratory failure
[1], impaired coagulations, and thromboembolic complica-
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tions. Especially high levels of D-dimers seem to be a negative
prognostic factor [2]. The reason for this might be endothelial
damage restricted not only to the lungs but affecting the whole
organ system, resulting in multiorgan failure. Endothelial cell
infection associated with an endotheliitis has been described in
autopsy cases [3].

More recently, a rare pediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2 infection
(PIMS-TS) has been described. Presenting signs and symp-
toms are fever, abdominal pain, cardiac involvement, and/or
a hyperinflammatory shock [4], which are also suggestive for
endothelial damage.

The sinusoidal obstruction syndrome (SOS) or venoocclusive
disease is another disease of the endothelial system that occurs
in adults and children after intensive chemotherapy/radio-
therapy in the context of allogeneic stem cell transplantation. It
is a serious complication most likely caused by endothelial in-
juries and consecutive activation of complement with formation
of microthrombi mainly in the liver, although any organ can be
affected. The endothelial cell injury promotes a prothrombotic—
hypofibrinolytic state with elevated levels of von Willebrand
factor (vWF) and plasminogen activator inhibitor as well as re-
duced levels of thrombomodulin and tissue plasminogen acti-
vator (TPA) [5].

The only agent with proven efficacy for the treatment of
severe SOS is defibrotide (DF), a polydisperse oligonucle-
otide with profibrinolytic, antithrombotic, antiischemic,
antiinflammatory, and antiadhesive activity [6]. It has been
shown that DF protects endothelial cells from toxic, in-
flammatory, and reperfusion damage and might restore
the thrombofibrinolytic balance by increasing TPA and
thrombomodulin and by reducing vWF [7]. Given the simi-
larity of the endothelial damage in patients with SOS and the
positive action of DF in this disease, we hypothesized that
DF can be a treatment for our patients with PIMS-TS, which
might also resemble a generalized endotheliitis.

RESULTS

The first patient,
comorbidities, was admitted for a diagnosis of appendi-

a 13-year-old female without any

citis. After a laparoscopic appendectomy, the patient was
discharged in good clinical condition. Two weeks later, she
presented with fever, headache, abdominal pain, nausea, and
altered sense of smell. An oropharyngeal swab was positive
for SARS-CoV-2 by real time polymerase chain reaction
(RT-PCR), and she had immunoglobulin G (IgG) against
SARS-CoV-2 spike, receptor binding domaine, and nucle-
ocapsid. IgM and IgA were negative. Restimulation of T
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Figure 1. Immunological and histological findings and course of laboratory parameters. A, Detection of T-cell response for patient 1. Overlapping peptide pools
covering the sequence of major severe acute respiratory syndrome coronavirus 2 proteins (proteins M, N, and S) and irrelevant control peptides (MOG) were
used to stimulate T cells independent of human leukocyte antigen types ex vivo for 16 hours followed by intracellular cytokine staining. Cumulative stimulation
indexes of CD4+ and CD8+ T-cell responses are shown. Simultaneous expression of cytokines (interferon [IFN]-y, tumor necrosis factor [TNF-q., interleukin [IL]
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cells ex vivo with overlapping peptide pools derived from
SARS-CoV-2 antigens and subsequent intracellular cyto-
kine staining revealed specific T-cell responses against viral
proteins M and S (CD4+) and protein N (CD4+ and CD8+;
Figure 1A). The chest X ray was normal. Laboratory tests re-
vealed lymphopenia, thrombocytopenia, increased troponin,
abnormal liver function tests, increased bilirubin, and mark-
edly elevated D-dimers. Blood cultures and virologic workup
for other viruses were negative. The patient was admitted to
the intensive care unit (ICU) for treatment of arterial hypo-
tension with catecholamines. After informed consent by the
legal guardians, DF was started as an off-label treatment at a
dose of 4 mg/kg every 6 hours for the first day followed by
6 mg/kg every 6 hours for an additional 3 days together with
low-dose heparin (5 units/kg/h). After start of DF, D-dimers,
troponin, and bilirubin decreased rapidly, while lymphocyte
and platelet numbers increased (Figure 1B). No side effects
of DF were seen, and the patient was discharged after 9 days.
Since no other antiinflammatory drug was given, the rapid
response was attributed to the application of DE.

A retrospective analysis of the pathological specimen of
the resected appendix 2 weeks earlier revealed the presence
of subserosal and intramural capillaritis/endotheliitis without
signs of bacterial infection or mucositis. In addition, a high
load of SARS-CoV-2 RNA virus was detected by 2 quantita-
tive RT-PCRs of the appendix (RdRp gene: cycle threshold [Ct],
value 24.63 and N-gene: Ct value, 23.14; Figure 1C).

The second patient, a 10-year-old female without any pre-
existing diseases, was admitted with a differential diagnosis of
appendicitis with fever (>40°C) and diffuse abdominal pain.
A routine pharyngeal swab was positive for SARS-CoV-2 by
RT-PCR. The patient was also positive for IgG and IgA against
SARS-CoV-2 spike protein and IgG, IgM, and IgA against
SARS-CoV-2 RBD. She also had IgG and IgM against SARS-
CoV-2 nucleocapsid. Restimulation of T cells ex vivo with
overlapping peptide pools derived from SARS-CoV-2 antigens
revealed specific T-cell responses against protein M (CD4+) and
proteins N and S (CD4+ and CD8+; Figure 1D). A blood cul-
ture for bacteria was negative. Abdominal ultrasound revealed

a wall-thickened ileum suggestive of ileitis terminalis, while
the appendix appeared normal. Laboratory tests at admission
showed lymphopenia, increased C-reactive protein, slightly in-
creased interleukin-6, and increased D-dimers (3.3 mg/L). Two
days later, the abdominal ultrasound showed a hepatomegaly
and ascites, and the ileum wall was still thickened. An X ray
of the lungs showed moderate pleural effusions and pulmonary
infiltrates.

Over the following days, increasing ascites and pleural and
mild pericardial effusions required oxygen supplementation.
Troponin and D-dimers increased to 14 ng/mL and 4.7 mg/L,
respectively. Extended investigation of the cellular and plas-
matic coagulation system revealed slight hyperactivation status
of platelets. Most importantly, we observed increased clot firm-
ness in a viscoelastic coagulation assay (maximum clot firm-
ness, 63 mm; Figure 1F). The formed clot showed remarkable
resistance toward TPA (lysis time [LT] in TPA test, 520 sec;
Figure 1F). Given the laboratory tests and the clinical state, a
diagnosis of PIMS-TS was made, and we started treatment with
DF at a dose of 25 mg/kg/day divided into 4 doses together
with low-dose heparin. After 3 doses of DF, the clot firmness
was reduced (MCF, 50 mm; Figure 1G) and TPA-mediated lysis
was significantly improved (LT, 360 sec; Figure 1G). Although
this is still speculative, our data indicate that the DF treatment
might have supported the TPA-mediated clot lysis, probably by
increasing plasmin concentration or downregulating the plas-
minogen activator inhibitor. After 8 days of DF treatment, the
patient was afebrile and was discharged 17 days after admission
with normal laboratory results and without signs of ascites or
pleural effusions.

DISCUSSION

Both patients presented with fever and abdominal pain with
an initial differential diagnosis of acute appendicitis and both
had SARS-CoV-2 infection documented by positive pharyngeal
swabs (PCR), by presence of anti-SARS-CoV-2 antibodies, as
well as detection of SARS-CoV-2-specific T cells (Figure 1A
and 1D). The inflammatory status and laboratory tests were

2) and activation markers (CD154) in response to stimuli was calculated using Boolean gating. Stimulation indexes indicate quotients of stimulus and negative
control (dimethyl sulfoxide [DMSQ]) values for all 16 possible combinations of marker expression. B, Course of laboratory parameters for patient 1. Temporal
course of D-dimers, thrombocytes, lymphocytes, bilirubin, troponin, ferritin, C-reactive protein, and procalcitonin during administration of defibrotide is shown.
Defibrotide (DF) was started due to clinical deterioration and strongly increasing D-dimers, bilirubin, troponin, and thrombocytopenia. Parameters normalized
rapidly after start of DF. No other antiinflammatory agents were used. C, Pathological specimen of the resected appendix from patient 1. A retrospective analysis
revealed the presence of subserosal and intramural capillary endotheliitis without signs of bacterial infection 2 weeks prior to clinical deterioration. D, T-cell re-
sponse for patient 2. Cumulative stimulation indexes of CD4+ and CD8+ T-cell responses are shown. Simultaneous expression of cytokines (IFN-y, TNF-q, I1L2) and
activation markers (CD154) in response to stimuli was calculated using Boolean gating. Stimulation indexes indicate quotients of stimulus and negative control
(DMSO0) values for all 16 possible combinations of marker expression. £, Complement activation for patient 2. The membrane attack complex C5b-9 was measured
at admission using enzyme-linked immunosorbent assay. A 2-fold elevated level was found compared with 4 healthy donors (gray bar depicts mean =1 standard
deviation). During DF administration, levels normalized. Fand G, Thromboelastographic analysis for patient 2. Blood samples from patient 2 showed increased clot
firmness and remarkable resistance to clot lysis after subsequent induction of fibrinolysis by tissue plasmin activator (F). This finding was significantly improved
after the initiation of DF treatment (G). Abbreviations: CRP, C-reactive protein; MOG, myelin oligodendrocyte glycoprotein; protein M, membrane glycoprotein;
protein N, nucleocapsid phosphoprotein; protein S, spike glycoprotein; SEB, staphylococcus enterotoxin B.
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suggestive for the diagnosis of the recently described PIMS-TS.
To date, no specific treatment for this syndrome has been re-
ported. In a recent publication, 48 children with coronavirus dis-
ease 2019 (COVID-19) admitted to ICUs were described. Most
children were treated with hydroxychloroquine. Other agents,
primarily used in combinations, were azithromycin, remdesivir,
and tocilizumab [8]. Feldstein et al describe pediatric patients
with multisystem inflammatory syndrome who mainly received
steroids or intravenous immunoglobulin (IVIG) in case of
Kawasaki disease-like features. None of these approaches are
primarily directed toward the treatment of assumed endothelial
damage [9]. The reasons for the endotheliitis are currently not
clear. It might be a direct toxic effect of the virus since expres-
sion of angiotensin-converting enzyme 2 on endothelial cells
can provide an entry mechanism for the virus. Another possible
mechanism might be a complement-mediated injury either by
direct complement activation or one that is antibody-mediated
[10]. Indeed, significant deposits of C5b-9 have been described
in the lungs in autopsy cases [11]. Therefore, we measured the
C5b-9 complex in patient 2 and found a 2-fold elevated level
at time of admission that normalized during DF treatment
(Figure 1E). Furthermore, one could speculate that higher titers
of anti-SARS-CoV-2 IgM and/or IgG might induce enhanced
complement-mediated endothelial damage since highly specific
IgG antibodies correlated with more severe illness and poorer
outcome compared with patients with lower titers [12].

We favor the hypothesis of complement-mediated endothelial
cell damage, which is further supported by increased numbers
of endothelial cells and endothelial colony-forming cells in the
peripheral blood of adults with severe illness (R. Handgretinger,
unpublished observations). The endothelial damage in turn is
associated with an increased risk of microthrombi [13] and
hypofibrinolysis, which is also seen in COVID-19 patients
(Bakchoul et al, manuscript submitted). Interestingly, we ob-
served a normalization of the hypofibrinolytic state of patient 2
during DF infusions using the TPA test. Heparin possibly sup-
plemented DF treatment but is unlikely to exert the observed
effects alone as a single agent.

Another observation was that patient 1 had most likely 2
waves of disease. The first wave was the COVID-19-associated
appendicitis with capillaritis/endotheliitis, and the second
wave presented symptoms of PIMS-TS. One could speculate
that this patient developed an antibody-mediated immune re-
sponse that then may have led to the second wave of disease
by complement-mediated mechanisms. Thus, we monitor
complement activation by determination of the C5b-9 mem-
brane attack complex in children with suspected PIMS-TS. In
case of elevated levels, monoclonal antibodies represent a po-
tential treatment option. In addition, thromboelastography

can be useful to monitor the deranged thrombofibrinolytic
balance.

Given the multiple positive activities of DF, it might be an
effective drug to treat endothelial damage and to restore the
thrombofibrinolytic balance in SARS-CoV-2 infections, po-
tentially supplemented by steroids in case of massive inflam-
mation and/or IVIG in patients with Kawasaki disease-like
features. Since DF is already approved in adults and children
aged >1 month, a clinical study using this “old” drug is war-
ranted in all age categories. In addition, monitoring the C5b-9
levels and the coagulation status of the patients might provide
helpful information to guide this approach.
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