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ABSTRACT

Objective: Multisystem Inflammatory Syndrome (MIS) is a con-
dition seen in the early post-COVID-19 period and thought to
develop with an impaired immune response. It has been usually
reported in children but rarely in adults. Here we report the first
adult MIS (MIS-A) case series from Turkiye.

Material and Methods: Six patients who met the Centers for
Disease Control and Prevention’s MIS-A diagnostic criteria were
included in the study. The demographic, clinical, laboratory, ra-
diological characteristics and therapy regimes and outcomes of
the patients were recorded.

Results: All of our cases had a history of mild COVID-19. They
presented with fever, severe fatigue and hypotension. Abnor-
mal echocardiography findings were detected in five patients.
Only one patient had multiple mucocutaneous findings. Com-
mon laboratory features were lymphopenia, markedly increased
C-Reaktive Protein, procalcitonin, pro-brain natriuretic peptide
(pro-BNP), D-dimer, and ferritin. All patients had positive SARS-
CoV-2 antibody result. Corticosteroids and/or anakinra were used
in five, and intravenous immunoglobulin was used in two patients.
Low-molecular-weight heparin (LMWH) was used for all cases.
Empirically initiated antibiotic treatments were discontinued af-
ter cultures were negative. After anti-inflammatory treatment, the
hypotension of the patients resolved, they did not need intensive
care follow-up and no mortality was seen in our cases.

OZET

Amag: Multisistem inflamatuar Sendrom (MIS), COVID-19 son-
rasi erken dénemde gérilen ve bagisiklik yanitinin bozulmasiy-
la gelistigi dustnulen siklikla cocuklarda gérilen bir durumdur.
Eriskinlerde nadiren bildirilmistir. Bu makalede Turkiye'de takip
edilen ilk yetiskin MIS (MIS-A) olgu serisi sunulmaktadir.

Gereg ve Yéntem: Centers for Disease Control and Prevention’in
MIS-A tani kriterlerini karsilayan alti hasta ¢alismaya dahil edildi.
Hastalarin demografik, klinik, laboratuvar, radyolojik &zellikleri ile
tedavi uygulamalar ve sonuglan kaydedildi.

Bulgular: Tum olgular COVID-19'u hafif siddette gegirmisti. Has-
talarin hepsi ates, siddetli yorgunluk ve hipotansiyon ile bagvur-
dular. Bes hastada anormal ekokardiyografi bulgular saptandi.
Sadece bir hastada ¢oklu mukokutanéz bulgular mevcuttu. Yay-
gin laboratuvar &zellikleri arasinda lenfopeni, C-Reaktif Protein,
prokalsitonin, pro-brain natriliretik peptid (pro-BNP), D-dimer ve
ferritin artigi vardi. Tim hastalarin SARS-CoV-2 antikoru pozitifti.
Bes hastada kortikosteroid ve/veya anakinra, iki hastada intra-
vendz immunoglobulin tedavisi ve hepsinde disiik molekdler
agirlikli heparin tedavisi kullanildi. Ampirik olarak baglanan an-
tibiyotik tedavileri alinan kultirler negatif sonuglaninca kesildi.
Antiinflamatuar tedavi sonrasi hastalarin hipotansiyonu dizeldi,
hicbirinde yodun bakim takibi ihtiyaci olmadi ve olgularimizda
mortalite gérilmedi.

Sonug: MIS-A, ¢esitli klinik tablolara neden olan ve sepsis ile
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Conclusions: MIS-A is a severe and mortal condition that causes
various clinical pictures and can be confused with sepsis. Anakin-
ra, a recombinant IL-1 receptor antagonist, is a significant agent
that can be used in the treatment of MIS-A since it blocks the
cytokine cascade at an early stage. The satisfactory respons-
es will be obtained with early diagnosis and anti-inflammatory
treatment. In this period when the pandemic is not over yet, it is
necessary to increase the awareness of clinicians about MIS-A,
which can be fatal.

Keywords: SARS-CoV-2, COVID-19, multisystem inflammatory
syndrome, adult, anakinra, steroid therapy

kanistinlabilen ciddi ve 6limcdl bir durumdur. Rekombinant IL-1
reseptdr antagonisti olan anakinra, sitokin kaskadini erken asa-
mada bloke ettigi icin MIS-A tedavisinde kullanilabilecek dnemli
bir ajandir. MIS-A'da erken teshis ve antiinflamatuar tedavi ile
olumlu sonuglar alinacaktir. Pandeminin hiz kestigi ancak hentz
bitmedigi bu dénemde klinisyenlerin élimcil olabilen MIS-A
hakkinda farkindaliginin artinlmasi gerekmektedir.

Anahtar Kelimeler: SARS-CoV-2, COVID-19, multisystem infla-
matuar sendrom, erigkin, anakinra, steroid tedavisi

INTRODUCTION

In the course of Coronavirus disease 2019 (COVID-19),
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) may affect all tissues that express angiotensin-con-
verting enzyme 2 (ACE-2) receptors. Increased cytokine re-
lease from infected cells causes local inflammation (1). As
it is known, inflammation is a self-limited process through
the balance between inflammatory and anti-inflammato-
ry systems of the organism. Somehow, the triggered and
activated immune cells may cause a vicious inflammato-
ry circle and some patients develop a cytokine-mediat-
ed hyperinflammatory state on the basis of some proba-
ble immunogenetic factors. We have learned during the
SARS-CoV-2 pandemic that SARS-CoV-2 infection may
cause hyperinflammation not only under the title of acute
COVID-19 but also in post-COVID-19 period.

Multisystem inflammatory syndrome (MIS) is defined as
an immune-mediated complication of COVID-19 in the
early stage of post-illness period (2). It has predominantly
been reported among children and the first adult case
was reported on June 2020 (3). After this time, adult
patients with Kawasaki-like illness have been reported.
Adult patients who are infected with SARS-CoV-2 can de-
velop MIS days to weeks after the initiation of COVID-19
(4). Clinical features have varied but predominantly in-
cluded persistent fever, abdominal pain, mucocutaneous
signs, edema, cardiac dysfunction, shock, markedly ele-
vated inflammatory markers, hematological involvement
and serologically positive COVID-19 (2, 4).

Here we report the first MIS in adults (MIS-A) case series
in Turkey, examine the clinical course of the disease and
possible pathogenesis, and also present our treatment
experiences.

MATERIALS AND METHODS

The hospital files and electronic records of MIS-A cases
were retrospectively examined. The administered treat-
ments with the demographic, clinical, laboratory and ra-
diological characteristics of the patients were recorded on
the previously prepared forms. Six patients who met the

Centers for Disease Control and Prevention (CDC)’s MIS-A
diagnostic criteria (5) were included in the study. CDC's
MIS-A case definition is: a patient aged >21 years with fe-
ver hospitalized for 224 hours, or with an illness resulting
in death, who meets the clinical criteria (three criteria, but
at least one primary clinical criteria) and laboratory criteria
(laboratory evidence of SARS-CoV-2 infection and eleva-
tion of at least two inflammatory markers like C-Reaktive
Protein (CRP), ferritin, IL-6, erythrocyte sedimentation rate,
procalcitonin). The patient should not have a more likely
alternative diagnosis for the illness (e.g., bacterial sepsis,
exacerbation of a chronic medical condition). The primary
clinical criteria are severe cardiacillness or rash and non-pu-
rulent conjunctivitis. The secondary clinical criteria are new
onset neurologic signs and symptoms, shock or hypoten-
sion not attributable to medical therapy, abdominal pain/
vomiting/diarrhea and thrombocytopenia. The transtho-
racic echocardiography was performed by the cardiologist
to the patients. SARS-CoV-2 IgG antibody against Spike
protein were tested for all patients, and the informed con-
sent was obtained from the patients on hospital admission.
Patients were treated with 40 mg methylprednisolone daily
or 6 mg dexamethasone daily as steroid therapy. Intrave-
nous immunoglobulin (IVIG) treatment was administered
at a total of 2 g/kg dose divided into five days. In patients
with high inflammatory markers, anakinra was administered
as an anti-cytokine therapy at a dose of 100-200 mg two
or three times a day, subcutaneous (SC)/intravenous (IV),
after taking the opinion of rheumatologists according to
the follow-up of these inflammatory markers. Prophylactic
low-molecular-weight heparin (LMWH) was administered
as 40 mg/day SC, LMWH was administered as 1 mg/kg SC
twice a day as the treatment dose.

The study was approved by the local ethics committee
of Istanbul University, Istanbul Faculty of Medicine (Date:
14.01.2022, No: 2021/2183) and the Turkish Ministry of
Health.

RESULTS

Characteristics of the cases
Four of the six cases were men. Mean age of the pa-
tients was 43.3 years old (minimum age: 23, maximum
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age: 56). All of our cases were middle-aged with a history
of mild COVID-19 in the last 2-8 weeks. All had asymp-
tomatic period after COVID-19 until the initiation of the
MIS-A symptoms. They were followed after the second
COVID-19 wave in Turkiye in November and Decem-
ber 2020. All the patients were unvaccinated against to
SARS-CoV-2. The patients presented to emergency room
with the symptoms of fever, and severe fatigue. None
of the patients had respiratory problems. Five out of six
patients developed severe hypotension. Abnormal echo-
cardiography findings were detected in five patients.
One patient had no echocardiographic evaluation. Only
one patient had multiple mucocutaneous findings, al-
though these findings except livedo reticularis occurred
after the diagnosis of MIS-A (Figure 1). Common labo-
ratory features were lymphopenia, markedly increased

Day 1 - Lymphadenomegaly

ZO—~wvnun—~=Z0F

Day 2 - Livedo Reticularis

CRP, procalcitonin, pro-BNP, D-dimer, and ferritin. Mild
thrombocytopenia developed in one patient, and mod-
erate thrombocytopenia in another patient. All patients’
anti-SARS-CoV-2 IgG antibodies were qualitatively posi-
tive (Table 1).

Treatment strategies

Corticosteroids were used in five out of six patients, and
we preferred IVIG treatment in two cases who had severe,
and IV fluid resistant hypotension (Case 1, and 5). LMWH
was used for all cases, interleukin 1 receptor antagonist
(Anakinra) was used in five patients (Table 2). Hypoten-
sion resolved after a few days with the initiation of an-
ti-inflammatory therapy in MIS-A cases. As a result; none
of our patients needed intensive care and none received.

Day 10 - Papillitis

Day 7 - Palmar Desquamation

—
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Figure 1: The mucocutaneous and radiological findings of Case 1
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Table 1: Clinical, laboratory and radiologic characteristics of MIS-A cases

Age
Gender

Coexisting diseases

Severity of COVID-19

Duration between
COVID-19 diagnosis
and initiation of MIS-A
symptoms

Duration of the
asymptomatic period

SARS-CoV-2 PCR - on
admission for MIS-A

Anti-SARS-CoV-2 IgG
antibody

Lymphocyte
(absolute count/pl)

Neutrophil
(absolute count/pl)

Platelet
(absolute count/pl)

C-reactive protein
(mg/L)

Ferritin (ng/mL)
Procalcitonin (ng/mL)
D-dimer (pg/L)

Pro-BNP (pg/mL)
Troponin-T (pg/mL)
Fever

Fatigue
Lymphadenomegaly

Cutaneous and

mucocutaneous findings

Blood pressure (mm Hg)

Edema

Case 1
37
Female

Allergic
rhinitis

Mild

29 days

23 days
Negative
Positive
300
10,000
75,000
323.85
426.3
3.43
12.760

6.831
3.54

7 days
"

Unilateral
cervical

Livedo
Reticularis
Conjunctivitis
Papillitis
Palmar
desquamation

75/45

Severe-
Anasarca

Case 2
48
Male

None
Mild

10 days

8 days
Positive
Positive
700
2,350
170,000
280

780

19

2800

3600
14

6 days
i

None

Macular
rash on
legs

85/40

Severe-
Anasarca

Case 3

45

Male
Nephrolithiasis

Mild

24 days

20 days
Negative
Positive
900
25,600
179,000
311.49
3,714
11.41
1.400

23.077
54.89
12 days
i

None

Tonsillar
hyperemia

88/60
Slightly

Case 4
51
Male

Inactive
Hepatitis B
Mild

29 days

23 days
Negative
Positive
800
19,100
127,000
205.14
2,748
0.73
2090

>35.000
540.5

4 days
None

Unilateral
cervical

None

120/80
Slightly

Case 5
23
Male

None
Mild

50 days

41 days
Negative
Positive
300
4,100
179,000
412
1,595
5.31

2900

1006
30.16
4 days
n

None

None

70/40
Slightly

Case 6
56
Female

Type 2 DM,
Hypertension
Mild

12 days

9 days
Negative
Positive
800
24,700
622,000
111

998

11.62
730

443
6.24
4 days

None

None

85/60
Slightly
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Table 1: Clinical, laboratory and radiologic characteristics of MIS-A cases (Continued)

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
EF: 68% Not EF: 50% EF: 50% EF: 60% EF: 76%
PAP: 43mmHg performed PAP: 32 mmHg Anteroseptal PAP: 27 PAP: 27 mm Hg
Echocardiographic Pericardial Right hypokinesia, mm Hg Left ventricular
evaluation effusion ventricular pericardial ~ Pericardial hypertrophy
dysfunction effusion effusion and diastolic
Septal dysfunction
hypokinesia
Gastrointestinal Vomiting None None None Diarrhea  Vomiting/
involvement Diarrhea
Respiratory findings Mild coughing Mild None None None None
coughing
Duration of 19 days 18 days 15 days 15 days 13 days 12 days

hospitalization

Laboratory results demonstrate the lowest absolute lymphocyte and platelet counts; and highest levels for other parameters.
MIS-A: Multisystem inflammatory syndrome in adults, COVID-19: Coronavirus disease 2019, SARS-CoV-2: Severe acute respiratory syndrome
coronavirus 2, DM: Diabetes mellitus, BNP: Brain natiruretic peptide, EF: Ejection fraction, PAP: Pulmonary artery pressure, PCR: Polymerase

chain reaction

Table 2: Medical therapies of MIS-A cases

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Methylprednisolone - - 40 mg/day IV 40 mg/day IV - 40 mg/day IV
Dexamethasone - 6 mg qd - - - 6 mg qd - -
10 days IV 12 days IV
Anakinra 100 mg g8h 200 mg g8h 200 mg g8h 100 mg bid 100 mg g8h -
-SC -V -1V -SC -SC

Tocilizumab - - -

IV: intravenous, SC: subcutaneous

DISCUSSION

Several hypotheses have been suggested to clarify the
immunopathogenesis of MIS in children (MIS-C) and
MIS-A. Inefficient and reduced neutralizing antibody ac-
tivity against SARS-CoV-2, hyperinflammation triggered
by spike protein which has a superantigen-like motif sim-
ilar to Staphylococcal enterotoxin B, autoantibody medi-
ated cell damage or inflammation and the composition
of high viral load, slow viral clearance and delayed inter-
feron response are among the current hypotheses (6-9).
Another pathogenesis of MIS in children is the contin-
uation of viral replication in the gastrointestinal system,
leading to this strong systemic response in the post-in-
fectious period. Mesenteric lymphadenitis was detected
in laparotomy performed in MIS-C patients, and it was
shown that enterocytes were infected with SARS-CoV-2
earlier (10, 11). In addition, one study which compared
COVID-19, Kawasaki Disease and MIS-C in children;
demonstrated that children diagnosed with MIS-C were
significantly older, presented with higher CRP and ferri-
tin, lower platelet count and interleukin (IL) 17A, also with
different T-cell subsets. Outcomes of the study suggest-

ed that these three entity contained differences in immu-
nological and antibody profiles (12).

The characteristics of our cases, and previously report-
ed cases in the literature suggest that this clinical entity
has a wide spectrum. Common features of the cases are;
high fever, hypotension, systemic findings, lymphopenia,
thrombocytopenia, high D-dimer levels, especially sig-
nificantly higher procalcitonin and increased inflamma-
tion markers that mimic severe sepsis. Also, we observed
that although patients had mild COVID-19, they had high
SARS-CoV-2 antibody levels.

Abnormal echocardiography findings in MIS-C patients
are seen in 50-60%, while in the CDC's MIS-A case series,
this rate increases to 80% (4,13-15). Similar to this finding,
five out of six patients in our study also had abnormal
echocardiography findings. Echocardiography findings
in patients were evaluated as secondary reactive-hyper-
dynamic changes to the advanced reduction of peripher-
al resistance. Pericardial-pleural effusion and peripheral
edema were also suggested to develop due to fluid es-
cape associated with reduced resistance, and endothelial
damage.

498
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As reported in children, previously reported adult MIS-A
patients were mostly African-American and Hispanic,
while a small number of patients of Asian descent were
reported (2, 4, 15, 16). In the present study all patients
were Caucasian.

The aforementioned study examining the COVID-19, Ka-
wasaki, MIS-C and healthy children has shown that SARS-
CoV-2 antibodies of several MIS-C patients target the
endothelial glycoprotein named endoglin (12). Cellular
damage caused by this cross reaction may be perceived
by pattern recognition receptors of innate immunity as
endogenous damage-associated molecular patterns. It
is inevitable that this possible interaction would trigger
many signal cascades known from the pathogenesis of
sepsis, causing the production of cytokines such as tumor
necrosis factor alfa, IL-1B, IL-18 via activation of nuclear
factor kappa B and inflammasomes (17). In the light of the
data, we have learned about innate immunity over the
last decade, there is a possibility of that innate immuni-
ty might be trained and triggered with acute COVID-19,
and the trained immunity may empower the severity of
inflammation that occurs during the post-COVID-19 in-
flammatory disease (18).

During sepsis, IL-18 levels were shown to be higher in
patients who have died compared to the levels of the
survivors (19). The IL-1B is known to promote the ampli-
fication cascade, and induces the synthesis of various
inflammatory genes such as IL-6, IL-8, monocyte chemo-
attractant protein-1, cyclooxygenase-2, nuclear factor of
kappa light polypeptide gene enhancer in B-cells inhibi-
tor alpha, IL-1a, IL-1B, and mitogen-activated protein ki-
nase (17). Accordingly, we hypothesized that the use of
a human recombinant interleukin 1 antagonist would be
more effective (Anakinra) to block the cytokine cascade
at an earlier stage.

In conclusion MIS-A is a severe and mortal condition
that causes various clinical pictures and can be confused
with sepsis. Anakinra, a recombinant IL-1 receptor an-
tagonist, is an agent that can be used in the treatment
of MIS-A since it blocks the cytokine cascade at an early
stage. Since this clinical picture can be fatal, our clinical
strategy was an earlier diagnosis and rapid anti-cytokine
treatment. We suggest that there was a demonstrative
response to anakinra and corticosteroid therapy in our
case series and it is worthwhile. We assume that there is a
need to increase the awareness of clinicians about MIS-A.
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