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a b s t r a c t 

In this article we describe two cases that presented with persistent fever and a hyperinflammatory state 

in association with severe acute respiratory syndrome-coronavirus-2 infection with various negative re- 

verse transcription-polymerase chain reaction results. These cases subsequently developed myocarditis 

with cardiogenic shock that required vasoactive drugs and had a good response to corticosteroid treat- 

ment. All cases met criteria for a definitive case of multisystemic inflammatory syndrome in adults, a 

recently described entity associated with coronavirus disease 2019, which has a good response to im- 

munomodulators and a good prognosis in most cases. 

< Learning objective: Multisystemic inflammatory syndrome in adults is a severe disease with predom- 

inantly cardiac involvement, associated with severe acute respiratory syndrome-coronavirus-2 infection. 

The presentation of these two cases shows the importance of early recognition, especially in this coro- 

navirus 2019 pandemic scenario in which almost anyone is susceptible to have had contact with the 

virus. It usually has a good therapeutic response to corticosteroids and invasive diagnostic tests, such as 

endomyocardial biopsy, could be avoided. > 

© 2022 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. 
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ntroduction 

In January 2020, a new virus (severe acute respiratory 

yndrome-coronavirus-2; SARS-CoV-2) appeared in Wuhan City, 

hina, later spreading around the world and causing the pandemic 

hat we continue to experience [1] . Initially, we could find in lit- 

rature descriptions of organic damage directly caused by SARS- 

oV-2, predominantly pulmonary involvement [2] . However, it has 

een observed that certain predisposed patients can develop a hy- 

erinflammatory immune response caused by an excessive reac- 

ion to the virus, leading to extrapulmonary affections. These re- 

ponses have been described in an early stage (less than 14 days 

fter infection) and also as late reactions (more than 14 days after 

nfection) [3] . Here we present the report of three adults that de- 

eloped a late inflammatory response after SARS-CoV-2 infection 
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ompatible with multisystemic inflammatory syndrome (MIS) with 

ignificant cardiovascular involvement. 

ase 1 

The first case is a 46-year-old man, with a history of SARS- 

oV-2 infection four weeks earlier, consulted in emergency room 

ue to daily fever up to 39 °C for 7 days and a macular rash

n the trunk ( Fig. 1 A). No clear foci were evident in anam-

esis, physical examination was normal except for the fever 

nd macular rash. Laboratory tests showed a predominant in- 

ammatory pattern: C-reactive protein 300 mg/l ( < 5 mg/l), fer- 

itin 1579 ng/ml ( < 10-291 ng/ml), and procalcitonin 1 ng/mg 

 < 0.5 ng/mg). Blood and urine cultures were sterile. A reverse 

ranscription-polymerase chain reaction (RT-PCR) test for SARS- 

oV-2 was negative, serology showed past infection for toxoplas- 

osis, cytomegalovirus (CMV), Epstein-Barr virus (EBV), and par- 

ovirus B19. Also, no acute nor chronic infection was evident for 

yphilis, hepatotropic virus, human immunodeficiency virus (HIV), 
erved. 
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Fig. 1. 

(A) Skin biopsy: moderate perivascular cellular infiltrate. (B) Cardiac magnetic resonance imaging showed late intramyocardial and subepicardial enhancement 

(arrow). (C) Endomyocardial biopsy showing immunohistochemical study for CD3 with lymphocyte infiltrates. (D) Case 1 electrocardiogram, sinus rhythm ST 

segment rectification. 
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hlamydia pneumoniae, Mycoplasma pneumoniae, and Coxiella bur- 

etti . Also, autoantibodies were negative including antinuclear an- 

ibodies (ANA), anti-neutrophil cytoplasmic antibodies (ANCA), and 

nti-extranuclear antibodies panel (Ro, La, Sm, RNP, Scl-70 and Jo- 

). Immunoglobulin (Ig)G, IgA, and IgM levels were normal, and no 

omplement consumption was detected. 

During admission, he presented with dyspnea and oppres- 

ive central thoracic pain with significant impairment of gen- 

ral condition, hypotension, and peripheral oxygen saturation of 

0% without oxygen supplementation. Compared to previous elec- 

rocardiograms, a diffuse ST segment rectification was observed 

 Fig. 1 D). Analysis showed a maintained inflammatory pattern and 

igh-sensitivity troponin I was 19356 ng/l ( < 34.1). A transtho- 

acic echocardiogram showed a lower mid-apical akinesia and 

ypokinesia in basal and middle septum and lower basal face, 

ith a left ventricular ejection fraction (LVEF) of 30%. He was 

dmitted to the coronary care unit due to cardiogenic shock 

nd vasoactive drugs were required. Suspecting myocarditis, bo- 

uses of methylprednisolone 500 mg were started for 3 days fol- 

owed by oral methylprednisolone 1 mg/kg/day, with improvement 

n myocardial function and decline in inflammatory parameters. 

omputed tomography of the coronary arteries showed no sig- 
25 
ificant lesions, and cardiac magnetic resonance imaging (MRI) 

howed evidence of myocardial inflammation ( Fig. 1 B). An en- 

omyocardial biopsy revealed a lymphocytic inflammatory infil- 

rate (35 CD3 + / mm2 lymphocytes), without myocyte necrosis 

r fibrosis ( Fig. 1 C). Immunohistochemical study for SARS-CoV-2 

id not detect the presence of the virus. After clinical improve- 

ent, the patient was discharged with decreasing doses of corti- 

osteroids and azathioprine and no recurrence has been evident in 

 months’ follow-up. At 3 months after discharge, the patient had 

n LVEF of 64.9% verified by echocardiography and the patient was 

symptomatic. 

ase 2 

The second case is a 37-year-old man who came to the hos- 

ital with high fever up to 39.3 °C, predominantly in the after- 

oon. He had a left cervical painful lump, odynophagia, and rash 

 Fig. 2 A). He had been diagnosed with SARS-CoV-2 infection by RT- 

CR and pneumonia 16 days before the beginning of the fever. The 

est of the physical examination showed no relevant findings. Lab- 

ratory tests showed an inflammatory pattern: C-reactive protein 

80 mg/l (normal < 5), ferritin 1591 ng/ml (10-291), and procalci- 
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Fig. 2. 

(A) Macular rash over lymphadenopathy. (B) Cardiac magnetic resonance imaging did not show apical ballooning or akinesis. Late enhancement in the lateral 

and inferior areas (arrow) was observed. (C) Case 2 electrocardiogram: sinus rhythm with decreased PR segment, ST segment elevation of 1 mm in leads: I, aVL, 

and V3-6; and ST segment rectification also in inferior face. 
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onin 0.9 ng/ml ( < 0.5). Blood and urine cultures were sterile. A RT- 

CR for SARS-CoV-2 was negative, serology showed past infection 

or toxoplasmosis, CMV, EBV, and parvovirus B19. Also, no acute 

or chronic infection was evident for syphilis, hepatotropic virus, 

IV, C. pneumoniae, M. pneumoniae , and C. burnetti . Also, autoanti- 

odies were negative including ANA , ANCA , and anti-extranuclear 

ntibodies panel. IgG, IgA, and IgM levels were normal, and no 

omplement consumption was detected. During his admission, the 

atient presented with hypotension without chest pain, requir- 

ng noradrenaline to maintain blood pressure. High-sensitivity tro- 

onin I was 3549 ng/l ( < 34.1); and inflammatory pattern was 

aintained in blood test. N-terminal prohormone B-type natri- 

retic peptide was 2767 pg/mL. The electrocardiogram showed si- 

us rhythm with decreased PR segment, ST segment elevation 

f 1 mm in leads: I, aVL, and V3-6; and ST segment rectifica- 

ion also in inferior face ( Fig. 2 C). A transthoracic echocardiogram 

as carried out with severe LVEF (28%) with global hypokine- 

ia. Treatment was started with boluses of methylprednisolone 1 

 per day for 3 days, continuing with corticoids descending pat- 

ern. The cardiac MRI was suggestive of myocardial inflammation 

 Fig. 2 B). The patient evolved favorably during admission with re- 

overy of ventricular function, with an LVEF of 43.7% verified by 

chocardiogram before hospital discharge. He went to his home 

ith a descending corticoid regimen. At follow-up 3 months af- 

er hospital discharge he presented an LVEF of 56% verified by 

chocardiogram. 
26 
iscussion 

MIS in adults (MIS-A) is characterized by fever, severe ill- 

ess, and involvement of two or more organ systems, especially 

ardiac affectation, combined with laboratory evidence of inflam- 

ation and laboratory or epidemiologic evidence of SARS-CoV-2 

nfection. As said, it was initially described in children and ado- 

escents and recently it has been described in adults and diag- 

ostic criteria have been proposed by the US Centers for Disease 

ontrol and Prevention [4] . Other classificatory criteria with dif- 

erent levels of evidence for MIS-A have subsequently been de- 

cribed [5] . The chronology with SARS-CoV2 infection has not been 

otally established: it seems that MIS-A develops in people who 

ad suffered COVID19 with mild symptoms and not had serious 

ulmonary involvement. The time from infection to the onset of 

IS-A symptoms is not clear: onset of MIS-A symptoms has been 

eported from days to several weeks after SARS-CoV2 infection, as 

n case 1 [6] . 

The molecular mechanisms that lead to hyperinflammation 

n MIS-A are largely unknown and limited to phenotypic char- 

cterizations. It is believed that the development of antibod- 

es to SARS-CoV-2 may play a role, and may secondarily trigger 

acrophage activation leading to the clinical picture. This suggests 

hat symptomatic or asymptomatic SARS-CoV-2 infection would 

e followed a few weeks later by a hyperinflammatory response 

nd immune-mediated systemic and cardiac damage after anti- 
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ody development, demonstrated by a combination of positive 

erological results on admission with negative or mildly positive 

T-PCR [5–7] . 

Endomyocardial biopsies of these patients showed mild inflam- 

atory myocarditis (lymphocytic or macrocytic infiltrate) with no 

vidence of direct viral infection in cardiomyocytes, as in case 1 

8] . If we use classificatory criteria of MIS in children and adults, 

ur two cases presented in this article meet level 1 of diagnostic 

ertainty and can be defined as definitive cases of MIS-A. 

As for treatment, there are no generalized recommendations at 

he present time, although the focus is on supportive treatment of 

ardiogenic shock in a coronary unit/intensive care unit. The re- 

ponse to corticosteroids is good in almost all cases described, and 

ntravenous boluses can be used. Other treatments have been tried 

n patients who do not respond to corticosteroids, including im- 

unoglobulins, anakinra, and tocilizumab [9] . 

In summary, MIS-A is a recently described severe disease with 

redominantly cardiac involvement, associated with late infec- 

ion or exposure to SARS-CoV-2. The presentation of these two 

ases shows the importance of early recognition, especially in this 

OVID19 pandemic scenario in which almost anyone is suscepti- 

le to have contact with the virus. It usually has a good ther- 

peutic response to corticosteroids and immunosuppressants and 

nvasive diagnostic tests, such as endomyocardial biopsy, could 

e saved. 
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