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Abstract

Multisystem inflammatory syndrome in adults (MIS-A) is a new syndrome related with COVID-19. A case-based review was
performed to present real-life experiences in terms of main findings and treatment options. We described two cases with the
diagnosis of MIS and searched the literature to review all reported > 18-year-old cases. The PubMed, Scopus, and Web of
Science databases were searched. All relevant articles from January 2020 to February 2021 were reviewed. An adolescent
and an adult patient (18 and 40 years-old, respectively) with the diagnosis of MIS were presented. Both had the consistent
clinical findings with the case definition criteria. Although steroid, intravenous immunoglobulin (IVIG) and supportive care
treatments have been suggested in the literature, there exists no treatment guideline for MIS-A. The clinical and laboratory
findings of the patients progressively improved with the implementation of the IVIG and the pulse steroid treatments. A
total of 51 cases (> 18 years-old) with MIS were analyzed. Mean age was 29.4 + 10 years. Fever (80.4%), gastrointestinal
(72.5%), and respiratory symptoms (54.9%) were the predominant symptoms. Cardiovascular abnormalities were the most
frequent reported findings (82.4%, 42/51). The dermatological and conjunctival findings were reported in 39.2% and 35.3%
of the patients, respectively. The increased level of inflammatory biomarkers was remarkable. Most of the patients were
treated successfully with steroid and IVIG. Clinicians managing adult patients should keep in mind the development risk of
MIS related with SARS-CoV-2 infection to perform necessary interventions properly without delay. IVIG and pulse steroid
treatments are the effective options on clinical improvement.
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Introduction Since the clinical characteristics of MIS-C are similar to

Kawasaki disease, it was defined initially as a Kawasaki-like
COVID-19-related multisystem inflammatory syndrome  illness. Thereafter, a prominent increase was observed in
(MIS) has been reported in children (MIS-C) and rarely  the number of MIS-C reports worldwide. After the reports
in adults (MIS-A) since April and June 2020, respectively. of cases similar with MIS-C in adults, which was named
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as MIS-A, the accumulation of data has been increasing.
Although the underlying immunopathology is not well
defined, adaptive immunity is thought to be responsible [1].
The fever is the main finding of the syndrome and gastro-
intestinal, cardiovascular, hematological, and dermatologi-
cal findings are the predominant ones. MIS should be kept
in mind in a patient with recent COVID-19 infection and
presenting findings and laboratory abnormalities indicating
hyper inflammation (such as elevated ferritin, C-reactive
protein (CRP), d-dimer and lymphocytopenia). The treat-
ment options recommended for MIS-C include high-dose
steroid and intravenous immunoglobulin (IVIG) [2]. There
are case definitions and center-specific treatment protocols,
but there exists no widely accepted guideline especially for
MIS-A [3, 4]. However, the same treatment modalities have
been reported to be used successfully for MIS-A in previous
reports. As the SARS-CoV-2 pandemic is currently quite
effective and involves increasing number of people around
the world, it is important to introduce clinical findings based
on real-life experiences regarding the ways to manage these
cases.

In this case-based review, we present the two cases of
COVID-19-associated MIS in an adult and an adolescent.
In addition, literature search was performed to analyze the
main findings of MIS reported in > 18-year-old adolescents
and adults. It was aimed to increase the awareness of the
clinicians providing care to adults and to propose treatment
modalities to be used in this new emergent syndrome.

Case 1

A 40-year-old male patient presented to the Emergency
Department (ED) with the complaint of high fever in
November 2020. He had a fever, diarrhea, and abdominal
pain for the previous 4 days. He had COVID-19 23 days ago.
He was admitted to the Infectious Disease Clinical ward for
further investigation and treatment. On physical examina-
tion, he had a 39 °C fever, tachypnea, tachycardia, skin rash,
and abdominal tenderness. Nasopharyngeal swab samples
were tested for SARS-CoV-2 PCR yielded negative results,
and blood samples tested for SARS CoV2- IgM +IgG anti-
body yielded positive results (Table 1). Laboratory analysis
revealed the followings: leukocytosis, neutrophilia, lympho-
penia, elevation in liver function tests, p-dimer, troponin,
N-terminal pro-B-type natriuretic peptide (pro-BNP), fer-
ritin, fibrinogen, C-reactive protein (CRP), procalcitonin,
and IL-6 (Table 2). Chest computed tomography (CT) was
normal. Abdominal CT revealed a small amount of effusion,
mesenteric adenopathy, and inflammation in the intestine
and mesentery. Abdominal CT findings were interpreted as
terminal ileitis. Echocardiography was performed since he
had persistent fever, tachypnea, and tachycardia. Increased
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cardiac wall thickness, mild global hypokinesis, and minimal
pericardial effusion were the pathologic findings of echocar-
diography. Ejection fraction (EF) was 45% (Table 2). The
diagnosis of MIS-A was considered primarily, but blood,
urine, throat, and stool samples were obtained to exclude
other possible causative infectious agents. Since he had
a high level of procalcitonin with the other indicators of
inflammation, the possible causative bacterial agents could
not be excluded until the culture results were obtained.
Hence, ceftriaxone and vancomycin therapy was started to
cover potential causative agents. On the physical and radio-
logical examination and with the results of basic labora-
tory tests, we could not find any focus for infection. When
evaluated with the history of COVID-19 in the previous
3 weeks, MIS-A was strongly considered as the possible
diagnosis. Therefore, pulse methylprednisolone 1 gr/per day
for 3 days, intravenous immunoglobulin (IVIG) 20 gr/per
day for 5 days, and anticoagulant therapy with low molecular
weight heparin were given without waiting for the results of
other laboratory tests. On the second day of treatment, the
fever of the patient regressed, and laboratory abnormalities
started to improve. After the implementation of 1 g meth-
ylprednisolone therapy for 3 days, its dose was reduced and
completed to 10 days (80 mg/day for 3 days, then 40 mg/day
for 4 days). The antibiotics were discontinued on the fifth
day as there was no growth in the cultures. Echocardiogra-
phy was performed again at the end of the treatment. It was
observed that the pericardial effusion regressed and the EF
increased to 60%. The clinical and laboratory findings of the
patient improved and he was discharged fully recovered. On
the post- discharge follow-up (on day 15 after discharge), the
patient did not have any symptoms and findings.

Case 2

An 18-year-old female patient was admitted to the ED with
fever, chills, abdominal pain, and dyspnea, which had been
ongoing for four days. She had COVID-19 about 2 months
ago. She was admitted to the Infectious Diseases Clinic for
advanced diagnosis and treatment. On physical examina-
tion, she had 38 °C fever, pulse rate 110/min, blood pres-
sure 70/40 mmHg, and abdominal tenderness. Laboratory
analysis revealed leukocytosis, neutrophilia, lymphopenia,
and high levels of p-dimer (1.9 mg/L), CRP (245 g/L) and
procalcitonin (1.53 pg/L).

Nasopharyngeal swab samples were tested for SARS-
CoV-2 PCR yielded negative results, and the blood sample
tested for SARS CoV-2 IgM + IgG antibody yielded positive
results. There was no pathological sign on chest CT. A lit-
tle amount of free liquid was detected in the pelvic region
and among some parts of small intestine on abdomen CT.
After obtaining blood, urine, and stool samples for cultures,
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Table 1 (continued)

&

Patient 40 Patient 41 Patient 42 Patient 43 Patient 44 Patient 45 Patient 46 Patient 47 Patient 48 Patient 49

Patient 39

istics of the

Character-
patients

Springer

ND ND ND ND ND ND ND ND ND ND Yes

Previous

COVID-19
history

ND 21 ND ND ND ND ND ND 30

ND

Time from

COVID-19
to symptom

onset (days)

Colchicine, Vasopressor,

Hydroxychlo-

Steroid

Steroid, IVIG  Steroid, IVIG Steroid, Con-

IVIG, tocili-

IVIG, Vasopressor

Steroid,

Treatment

aspirin, and steroid, IVIG

roquine

valescent
plasma
IABP
ND

zumab

heparin,

Vasopressor,

montelukast

ND

tocilizumab

NIMV

4/alive

tocilizumab

MV

ND

ND
ND

ECMO,MV ND ND

45/alive

ND

Organ support MV

ND 18/alive

ND

ND

ND

9/alive

13/alive

Length of

hospital stay
(days)/out-
come

Ab Antibody, ASA Acetyl salicylic acid, BP blood pressure, CRP C-reactive protein, ECMO extracorporeal membrane oxygenation, HR heart rate, JABP Intra Aortic balloon pump, /VIG Intrave-

nous immunoglobulin, MV Mechanical ventilation, ND No data, NIMV non-invasive mechanical ventilation, PCR Polymerase chain reaction, RR respiratory rate

empirical ceftriaxone 2 gr/day was started. On the follow
up, hypotension, tachycardia, and hypoxia developed on
the first day of treatment, and procalcitonin, troponin, and
pro-BNP levels were found increased. A hydration therapy
with crystalloids was given and the ceftriaxone therapy was
escalated to broader spectrum antibiotics. The electrocar-
diography (ECG) showed sinus tachycardia. The examina-
tion of transthoracic echocardiography (TTE) revealed no
pathologic findings on the cardiac valve. Global hypokinesis
was detected and ejection fraction was 45%. The diagnosis
of MIS-A was considered according to these clinical and
laboratory findings. Methyl prednisolone 250 mg/day intra-
venously for 3 days and IVIG 20 gr/day for 5 days, and low
molecular weight heparin as an anticoagulant prophylaxis,
beta blocker and angiotensin converting enzyme (ACE)
inhibitor were given to the patient. Antibiotic treatment was
discontinued on the 4th day of treatment when the culture
tests resulted in negative. The blood oxygen saturation was
detected as 86% and the need of oxygen support increased
(4 L with nasal cannula) on the second day of admission.
Intravenous furosemide treatment was given since the con-
trol chest radiography revealed pulmonary edema. The fever
decreased after the first day of methylprednisolone and IVIG
treatment, but the need of slightly supplemental oxygen ther-
apy was continued for 3 days. Thereafter, the patient had a
significant improvement in respiratory effort capacity on the
3rd day of pulse steroid and IVIG treatment, and abdominal
pain began to regress. The dose of the methylprednisolone
was reduced and completed to 10 days (250 mg pulse steroid
for 3 days, 80 mg/day for 3 days, and 40 mg/day for 4 days).
The control TTE, on the follow up, revealed no deterioration
in the previous findings. The furosemide and supplemental
oxygen therapy were stopped on the fifth day. After the sixth
day of the therapy, she was able to move without help. After
10 days of follow-up, she was discharged from hospital fully
recovered. On the follow-up visit on day 15 after discharge,
he was completely healthy.

Search strategy

The PubMed, Scopus, and Web of Science Core Collection
databases were searched for published case reports of MIS
in adults and adolescents aged > 18 years-old from January
2020 to February 2021. The following keywords were used
for literature search: ‘multisystem inflammatory syndrome
in adults and COVID-19’, ‘multisystem inflammatory syn-
drome in adolescents and COVID-19' and ‘Kawasaki-like
syndrome in adults and COVID-19'. After exclusion of irrel-
evant articles, a total of 11 adolescent cases of MIS-C aged
18-20 years and 38 cases of MIS-A were reviewed [4-28].
The reports regarding > 18-year-old adolescents and adult
patients diagnosed with multisystem inflammatory disease
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S S g ¢ were selected and included into this review to increase
b i ) : the awareness of the clinicians providing care in these age
P g g
2 |9 3 _ 25 .
g | w8 g2 = groups.
= = B g s
< g
a = - Z 5 =
= v
& ] £ Discussion
Ed B8
.2 = ‘5
= a = = .
£ Z Z S B There have been 49 case reports of a MIS in adults and
5 3 P
I £ & adolescents aged > 18 years-old since June 2020. The Cent-
8 = = 3 g v
£ E o g ers for Disease Control and Prevention (CDC) published a
EZ2 = Z p
o = g g = report in October 2020 to define the clinical and labora-
- ~ QO — - .. o .
s g £ 2 é tory characteristics and the treatment modalities used in
g 2 % 3 g 9{ reported and published case series of MIS-A [4]. There is
© e ‘§ = a lack of clear evidence on immune-pathophysiology of the
3 3 b s =2 syndrome, but an antibody-related immune response ma
= . o g I y y P y
g é é A § & be responsible. It is thought as a post-infectious syndrome
& | 4 gy § rather than an infection in acute stage of development [4, 5].
N I LLE Q8 Although there is a heterogeneity of symptoms and findings,
" N S 2 g 4 y ol symp g
; : : _:: é gastrointestinal symptoms such as abdominal pain, diarrhea,
.= = = s & vomiting, and myocarditis, fever, hypotension via capillar
< > > % &l i g y yp p Yy
~ - - g = leak syndrome, and shock are the predominant ones. The
=y .ZL; 0 § 5 5]10 World Health Organization (WHO) and CDC categorized
g g € o 5 = o the multisystem inflammatory syndrome according to the
g o . .
= R a < 2 7 age of the patients. WHO accepted patients aged 0-19 years
£ |2 z z S B g P ptecp g Y
Mg o with the defined characteristic features as MIS-C, whilst
=, S o . . .
< 5 2 22 5 CDC accepted those <21 years-old in this group. The main
E § “a s é ; E determinative characteristics of the syndrome used in case
g £%= 202 £z g definitions are the followings [4, 5]:
Q
« x5 &
g X 5 5 .
g ig i (1) Increase in inflammatory biomarkers (CRP, ferritin,
g alya) s g S D-dimer etc.) accompanying fever;
a Z Z Z L v panying
502§ 2) Laboratory confirmation of recent COVID-19 infection
2 g8 E Y
e E S 3 (with positive test results of RT-PCR and/or SARS-
= A E 9 %D e CoV-2 antibody), within previous 12 weeks before the
=8 P ERGE) symptom onset;
— '8 5 g 7 o> = ymp
1; g .= § < g g ::, - (3) The exclusion of other specific causative microbial
: 15252 |zi1 agents:
A~ A z < O£ & (4) The lack of the severe respiratory illness (to exclude
=5 E) % (ﬁ the effect of tissue hypoxia as the cause of the organ
= S g S g : .
5 £8 8§ & dysfunction);
3 o ~ 5 25| 22" (5) In addition to the above criterions, the two of the fol-
£ z zZ &~ 7| g % g lowing features are necessary;
= |5}
% O e g
Qo 4 o 8 . e el
o 5 8;2 %* = g - Rash+non-purulent conjunctivitis + mucocutaneus
2 § = 5 % z inflammation findings,
=2 =] = 2
i;j A %‘J Z.g % g g - Low blood pressure + shock,
- Q . L .
~ Z Z = S g - Findings of cardiac involvement such as myocardi-
o s =
s | £ 2= 5 tis, valvulitis or pericarditis, abnormalities on echo-
Q 5 = . .
Z|%s 28 o cardiography or laboratory tests (increased proBNP,
E|a s §4 graphy y p
5 2 2 gg g troponin),
R 3 > qT = % - Clinical or laboratory findings of coagulation abnor-
o~ Q = = .. . C . .
o | 25| o £05 Rg E.E malities (elevated p-dimer, prothrombin time, active
3|52 £ = % S . et P s
cloEla8 (SIS 535 £ 2 partial thromboplastin time) and/or liver injury,
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- The new onset gastrointestinal symptoms such as
abdominal pain, vomiting, diarrhea.

The present cases had a history of positive test results
for SARS-CoV-2 PCR, 23 days and 2 months ago, respec-
tively. The RT-PCR tests for SARS-CoV-2 were repeated
and resulted negative, whilst the tests of SARS-CoV-2
IgM +IgG resulted positive. Of the previously reported 49
cases, 35 had positive SARS-CoV-2 antibody results, 18 had
only positive antibody test results, and 18 had both posi-
tive SARS-CoV-2 PCR and antibody results. The five of the
remained 10 cases were PCR positive, and three cases were
PCR negative and antibody test were not performed. The
results of antibody and PCR tests were not given for previ-
ously reported four patients (Table 1) [4-28]. The interval
between COVID-19 and the development of MIS-A symp-
toms reported previously as about 2-5 weeks [4]. When the
time interval from positive PCR results to symptoms of MIS
was evaluated, it was determined mean 31.25 + 13.03 days.
Hékimian et al. reported 11 adolescent and adult patients
with MIS, who were presented with fever, abdominal pain,
nausea, vomiting, various mucocutaneous findings, and
symptoms indicating myocardial dysfunction accompanied
by severe inflammation. They reported normalization of EF
in 54.5% of the patients and improvement in about 1 week in
36.4% of the patients whilst one of the patients died despite
the implementation of extra-corporeal membrane oxygen-
ation (ECMO) [13]. Both of the present cases had fever,
abdominal pain, hypotension, and myocarditis in addition to
elevated inflammation biomarkers. Additionally, the patient
with the diagnosis of MIS-A had terminal ileitis and rash.
The EF was normalized in both patients on the control echo-
cardiography performed at the end of the therapy on the 10th
day of admission.

A total of 51 patients with MIS-A were analyzed and
the mean age was determined as 29.4 + 10 years. Car-
diovascular abnormalities such as global hypokinesis and
decreased left ventricular ejection fraction (LVEF) were
the most frequently reported findings (82.4%, 42/51). The
other prominent symptoms were as follows: 80.4% fever,
72.5% gastrointestinal symptoms (abdominal pain, nausea,
vomiting and, diarrhea), 54.9% respiratory symptoms (cough
and, dyspnea), and 36% myalgia. When the relevant find-
ings of the cases were evaluated, requirement of vasopressor
therapy for hypotension was detected in 44% of the patients.
The dermatological findings (erythematous rash, periorbital
rash, annular targeted lesions etc.) were defined in 39.2% of
the patients. Conjunctival findings, such as non-exudative
conjunctivitis, were determined in 35.3% of the patients.
Lymphadenopathy was detected in 17.6% of the patients.
Most of the patients with MIS-A had higher levels of inflam-
matory biomarkers such as CRP, p-dimer, and ferritin. The
mean level for CRP was 293.7+119.3 mg/L and the mean

@ Springer

level for lymphocyte was 999 cell/uL (+ 119.3), the median
level for ferritin was1265 pg/L (21-100.000) and the median
level for p-dimer was 2.8 ug/L (0.35-20) (Table 2) [4-28].

Since MIS-A is an emergent condition and may have
a risk of rapidly worsening clinical progression, patients
with clinical suspicion should be treated promptly.

The American College of Rheumatology published a
diagnosis and treatment guideline for pediatric patients
diagnosed with MIS-C associated with SARS-CoV-2
[29]. The pulse steroid treatment with methylprednisolone
20-30 mg/kg per day, for 1-3 days up to 1 gr/day, then
tapering doses (2 mg/kg per day, maximum 60 mg/day)
were recommended previously in moderate and severe
cases [30]. Additionally, it was reported that a combina-
tion of IVIG and steroid therapy may be more effective
for symptom relief than IVIG monotherapy in Kawasaki
Disease (KD), which has pathophysiologic characteristics
similar to MIS-C [30]. For MIS-C patients, supportive
care in addition to therapy against underlying inflamma-
tory process with IVIG, steroid, aspirin, anticoagulant
treatment are recommended [31]. However, there exist
no widely accepted guidelines yet for the diagnosis and
treatment for MIS-A. Treatment modalities have been
extrapolated from suggested therapies for MIS-C since
the syndrome is similar. Each center implements its own
treatment protocol on the basis of reported cases. The pre-
sent case-based review revealed that 60.8% (31/51) of the
patients were treated with steroid, and 37.3% (19/51) with
IVIG. The tocilizumab treatment was given to only 13.7%
(7/51) of the patients. When the disease severity was eval-
uated, it was observed that 19.6% (10/51) of the patients
required respiratory support with mechanical ventilation,
7.8% (4/51) required intra-aortic balloon pump (IABP),
and 5.9% (3/51) required ECMO [4, 6-28]. Two of the
reported patients died during the follow-up period [4, 10].
In the present cases, a combination of IVIG and pulse
methylprednisolone treatment was proposed fast clinical
resolution. For quick intervention, we started antibiotic
treatment along with steroid, anticoagulant, and IVIG
treatments without waiting the exclusion of other infec-
tious agents.

As a consequence, it is important to start the treatment
immediately by rapid diagnosis and careful monitoring.
MIS-A may be a quite serious clinical condition that needs
urgent and effective treatment and may result in worse
outcomes without appropriate management. IVIG and
pulse steroid treatments are the effective options on clini-
cal improvement.
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