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Abstract

Background: A prior direct clinical and morphological comparison between non-coronavirus disease (COVID) myocarditis diagnosed
before the severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) pandemic and post-COVID myocarditis has not been
performed. Purpose: To compare morphological activity, Toll-like receptor distribution, and response to immunosuppressive therapy
in patients with non-COVID and post-COVID myocarditis. Methods: In total, 77 patients (52 male and 25 female, 48.7 £ 11.7 years
old) with biopsy-proven myocarditis, New York Heart Association (NYHA) class 2 or higher heart failure diagnoses, and an ejection
fraction (EF) <45% were included. The exclusion criteria comprised a history of myocardial infarction, verified cardiomyopathies,
systemic autoimmune diseases, and viral DNA in the myocardium, except parvovirus B19. A right ventricular endomyocardial biopsy
was performed using hematoxylin and eosin and Van Gieson staining assays, alongside the polymerase chain reaction (PCR) for viruses
(herpes viruses, parvovirus B19, adeno-, enteroviruses, and SARS-CoV-2). Moreover, immunohistochemical assays were conducted for
CD3, CD45, CD68, CD20, nucleocapsid/spike proteins of SARS-CoV-2, and the subcellular distribution of Toll-like receptors (TLRs)
type 4 and 9 (in 38 patients). The steroids (methylprednisolone 24—40 mg per day), azathioprine, and mycophenolate mofetil were
prescribed. This study was observational and non-interventional. The mean follow-up was 15.0 [6.0; 35.5] months. Results: Myocarditis
was diagnosed in 45 patients before the SARS-CoV-2 pandemic (giant cell in one case and lymphocytic in the others). Another 32 patients
had post-COVID myocarditis that was positive for RNA or/and proteins of SARS-CoV-2 (giant cell in one case, eosinophilic in three
cases, and lymphocytic in the others). There were no differences in age, NYHA classification, C-reactive protein (CRP) and anti-heart
antibodies levels, echocardiographic parameters (mean EF: 30.2 + 7.8 vs. 28.7 + 6.7%), parvovirus B19 positivity (22 vs. 34%),
methylprednisolone dosages (24-40 mg/day), and death/transplantation rate (11.1 vs. 9.4%). Differences between non-COVID and
post-COVID myocarditis focused on higher CD3, CD 45%*, and toll-like receptors (TLR)-4 (4+ vs. 6+) and TLR-9 (0 vs. 2+) levels,
alongside subcellular distribution and a better response to therapy ((10% or more increase in EF in 53 vs. 86%%* of patients, mean EF
(43.9 £ 12.3 vs. 49.8 £ 7.6%%*) by the end of follow-up); *p < 0.05). Conclusion: Post-COVID myocarditis is characterized by
different morphological types, higher morphological activity, the tendency to increase TLR expression, and an improved response to
immunosuppressive therapy compared to non-COVID myocarditis.
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1. Introduction nisms of such damage have been suggested for the heart:
Despite the official end of the coronavirus disease from low-intensity virus-negative inflammation to active

2019 (COVID-19) pandemic, cardiologists still face the viral myocarditis and immune-mediated myocardial dam-

long-term consequences of severe acute respiratory syn- 8¢ [3]. The realisation of these mechanisms in the long-

drome-related coronavirus 2 (SARS-CoV-2) infection. The ~ term is poorly studied. The incidence of chronic myocardi-
possibility of acute coronavirus myocarditis, including  {IS among patients with cardiovascular post-COVID com-
virus-positive, has long been shown [1]. Much less plications has been estimated at 0.4-28.9% [4], but these

is known about the incidence and mechanisms of post- data do not support the evidence from endomyocardial
COVID myocarditis. biopsy (EMB).

Post-COVID syndrome presents as the irreversible Reports of morphologically proven post-COVID my-
tissue damage 12 weeks after diagnosis with varying de-  ocarditis remain a unique case. Thus, lymphocytic my-
grees of dysfunction and symptoms [2]. Various mecha- ocarditis was diagnosed in EMB 8 weeks after acute coron-
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avirus infection; polymerase chain reaction (PCR) for car-
diotropic viruses and SARS-CoV-2 was negative [5]. The
longest time of SARS-CoV-2 persistence in post-COVID
myocarditis was one month [6]. Our data indicate the pos-
sibility of myocarditis with viral persistence in long-term
after COVID-19 [7]. Evidence of the etiologic role of coro-
navirus is also detection of its proteins in the myocardium.

Another mechanism of chronic post-COVID my-
ocarditis is the high autoimmunity (anti-heart antibodies
production), that gives a background for the successful use
of corticosteroids. It has been previously shown that high
expression of toll-like receptors (TLR) type 4 is a marker
of autoimmune myocarditis and a predictor of good re-
sponse to immunosuppressive therapy (IST) [7]. How-
ever, the clinical and morphologic features of post-COVID
myocarditis, including expression of TLR, in comparison
with non-COVID myocarditis have not been studied so far.
There are also no comparative studies of therapy efficacy
in this groups of patients.

Purpose: To compare morphological activity, toll-like
receptors distribution and response to the immunosuppres-
sive therapy in patients with non-COVID and post-COVID
myocarditis.

2. Materials and Methods

Seventy-seven patients (52 male and 25 female, 48.7
+ 11.7 years old) with biopsy proven myocarditis were
included. In 45 patients, myocarditis was diagnosed be-
fore the SARS-CoV-2 pandemic (non-COVID myocardi-
tis). Other 32 patients had post-COVID myocarditis pos-
itive for RNA or/and proteins of SARS-CoV-2.

We excluded non-coronavirus myocarditis after 2020
for the following reasons. Even in the absence of a strong
history of COVID-19, we could not exclude that a patient
had a coronavirus infection without symptoms or had a
false-negative test for SARS-CoV-2. Also, a significant
proportion of patients were vaccinated against SARS-CoV-
2 after 2020, which made the assessment of antiviral an-
tibody levels in the blood not informative and could give
false-positive reactions to coronavirus proteins in the my-
ocardium.

We have diagnosed several cases of myocarditis in-
duced by the Russian anti-SARS-CoV-2 vaccine («Sputnik
V»). Since the cases of biopsy-verified postvaccinal my-
ocarditis were single, we could not analyze them as a sep-
arate group. Combining these patients with post-COVID
myocarditis reduced the homogeneity of this group and
complicated its analysis (primarily due to the absence of
coronavirus in the myocardium, which could affect toll-like
receptor expression).

Additional inclusion criteria were the symptoms of
heart failure, New York Heart Association (NYHA) class
two or more, left ventricular ejection fraction (LV EF)
<45%, despite the maximally possible medical therapy for
at least two months.

A history of myocardial infarction, congenital heart
defects, thyrotoxicosis, verified cardiomyopathies (hyper-
trophic, restrictive, arrhythmogenic, familial or genetically
proven dilated cardiomyopathy), systemic autoimmune,
oncological, lymphoproliferative and acute infectious dis-
eases were exclusion criteria.

In addition, viral genome detection in the my-
ocardium, except for parvovirus B19 and/or SARS-CoV-2,
pregnancy, mental disorders and refusal of the patient from
participation in the study were a criterion for non-inclusion
in the studies.

2.1 Research Methods

All patients underwent physical and standard labo-
ratory tests, investigation of the anti-heart antibodies in
the blood by the method of indirect immunofluorescence,
echocardiography (EchoCQG), Holter monitoring of an elec-
trocardiogram, and also coronary angiography (n = 42) or
multispiral computed tomography (MSCT) of the heart (n
= 25), magnetic resonance imaging (MRI) of the heart (n
= 44). To exclude systemic viral infection, a blood test
was performed using the polymerase chain reaction (PCR)
method.

Myocarditis was diagnosed in all patients by right
ventricular EMB using Cordis biopsy forceps, followed
by histological (staining with hematoxylin-eosin and Van
Gieson), immunohistochemical (IHC, with antibodies to
CD3, CD45, CD20, CD68) and virological (PCR for DNA
of parvovirus B19, adenoviruses, enteroviruses and all
viruses of the herpes group) investigations. From 2020 per-
formed also PCR for coronavirus RNA or/and IHC study
for coronavirus proteins (nucleocapsid and spike proteins).
Total RNA was extracted from myocardial fragments us-
ing the RNeasy Mini Kit (Qiagen, Germany). A Quan-
tiTect single-step PCR kit (Qiagen) was used to identify
SARS-CoV-2. Only patients with a positive result were
included in the study after 2020 (the subgroup of post-
COVID-myocarditis). The diagnosis of active/borderline
myocarditis was based on Dallas criteria supplemented by
IHC criteria. There were no serious complications of EMB
in either of the two groups.

Additionally, the subcellular distribution of TLR types
4 and 9 in the myocardium was measured (Monoclonal
Mouse Antibody anti-TLR4, clone 76B357.1, GeneTex,
dilution 1:200; Monoclonal Mouse Antibody anti-TLR9,
clone 5G5, GeneTex, dilution 1:100). The results of the
reactions were appraised by a semi-quantitative method:
grade 0 was attributed to absence of TLR, grade 1 to 1-15%
positive cells in myocardial biopsy (vascular endothelium,
endocardial cells, lymphocytes, macrophages); grade 2 to
16-30%, grade 3 to 31-45%, grade 4 to 46—60%, grade 5
to 60—80% and grade 6 >60% positivity. Appropriate pos-
itive and negative controls were used. Distribution levels
were assessed by two independent investigators.
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Inclusion criteria:
e Heart failure NYHA class 2 or more
e LVEF<45%
Exclusion criteria: myocardial infarction, congenital heart defects, thyrotoxicosis, verified cardiomyopathies, systemic
autoimmune, oncological, lymphoproliferative and acute infectious diseases

Endomyocardial biopsy

Positive for herpes viruses,
adenoviruses or enterviruses

Non-inclusion
in the study

PCR for viral genome

N\

Negative or positive for parvovirus B19

Before 2020 : After 2020

{ Positive for RNA /

E proteins of SARS-CoV-2
i

i

Non-COVID i Post-COVID
1
1

myocarditis (n=45) myocarditis (n=32)

Fig. 1. Design of the study. Explanations in the text. NYHA, New York Heart Association; LV EF, left ventricular ejection fraction;

SARS-CoV-2, severe acute respiratory syndrome-related coronavirus 2; COVID, coronavirus disease.

2.2 Study Design

The study is observational and non-interventional, a
single-center prospective cohort study. After confirming
the diagnosis of myocarditis, excluding viral infection (with
the exception of parvovirus B19 and SARS-CoV-2) and
evaluating other inclusion and exclusion criteria, the pa-
tients were classified into two groups - non-COVID my-
ocarditis (n = 45) and post-COVID myocarditis (n = 32),
Fig. 1.

The absolute majority of patients with non-COVID
lymphocytic myocarditis (n = 44) received methylpred-
nisolone at an initial dose of 24—40 mg/day (in average 24
[24; 30] mg/day) orally for 1 month, followed by a de-
crease to a maintenance dose (48 mg/day). Thirty-four pa-
tients with non-COVID lymphocytic myocarditis were ad-
ditionally treated with a cytostatic: azathioprine (average
dose 150 [93.75; 150] mg/day) or mycophenolate mofetil
(2 g/day). One patient each with giant cell and lymphocytic
non-COVID myocarditis were not treated with IST due to
the terminal heart failure and absolute indications for emer-
gency heart transplantation.

The all patients with post-COVID myocarditis (one
with giant cell myocarditis, three with eosinophilic and
the rest with lymphocytic myocarditis) were treated with
methylprednisolone at a starting dose 24—40 mg/day (in av-
erage 24 [24; 24] mg/day) followed by its tapering to a
maintenance dose 4-8 mg/day. Eight patients were later
additionally prescribed azathioprine at a dose 100 mg/day,
three patients received mycophenolate mofetil 2 g/day. In
patients with post-COVID myocarditis cytostatics were
prescribed in selected cases (high morphologic and im-
munologic activity) due to the risk of viral infection acti-
vation.
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All patients also received standard therapy of heart
failure, which included beta-blockers, angiotensin-
converting enzyme inhibitors (ACE inhibitors) or
sacubitril-valsartan, mineralocorticoid receptor antagonists
(AMR), dapagliflozin and loop diuretics. Considering the
time after COVID and the absence of systemic manifesta-
tions of the disease, the infectious diseases specialist did
not recommend antiviral therapy.

The average follow-up period was 15.0 [6.0; 35.5]
month, at least 6 months for patient. Every six months and
at the end of the observation, a follow-up examination was
carried out (assessment of the functional status, standard
blood tests, anti-heart antibodies, EchoCG, Holter monitor-
ing).

Study endpoints were death/heart transplantation and
response to therapy: a 10% or more increase in EF was con-
sidered as an excellent response (1 point), a 5-9% increase
as a good response (2 points), and a less than 5% increase
or decrease in EF as no response to therapy (3 points). The
dynamics of NYHA class, other structural and functional
parameters of the heart were also assessed.

Statistical analysis was carried out using the SPSS
software package version 23. Quantitative characteristics
are presented as M + ¢ (mean + one standard deviation) or
as a median indicating the 1st and 3rd quartiles. The nor-
mality was assessed using the Kolmogorov-Smirnov tzest,
the significance of the differences - using the Student’s test,
x? or Fisher’s test, Mann-Whitney, Wilcoxon fests. Spear-
man’s coefficient was used to assess correlations. Linear re-
gression was performed to identify predictors of treatment
response. Differences were considered statistically signifi-
cant at p < 0.05.
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Table 1. Comparative clinical characteristics of patients with pre-COVID and post-COVID myocarditis.

Parameter Non-COVID myocarditis ~ Post-COVID myocarditis P
Male/female 30/15 22/10

Age, years 484+ 11.8 49.1 £10.3 0.950
NYHA class 3[3;3] 3[2.125; 3] 0.296
Duration of symptoms, months 11 [4.5;25] 10 [4; 23.25] 0.717
Parvovirus B19, n (%) 10 (22%) 11 (34%) 0.241
Leucocytes, x 109 75+1.8 6.9+2.1 0.171
CRP (mg/L) 1.4 [0; 10] 3[1.3;6.2] 0.091
Anti-heart antibodies 1:160 [1:80; 1:160] 1:160 [1:80; 1:320] 0.672
Atrial fibrillation, n (%) 21 (47%) 12 (38%) 0.280
LBBB, n (%) 7 (16%) 6 (19%) 0.338
LV EDD (cm) 6.4+0.6 6.4+0.8 0.891
LV EDV (mL) 167 [163; 214] 180 [142; 240] 0.341
LV ESV (mL) 112 [90; 145] 132 [98; 185] 0.167
LV EF (%) 302+7.8 28.7+6.7 0.359
Dp/dt (mm Hg) 699 [643; 817] 568 [480; 842] 0.198
VTI (cm) 9.41[7.1; 11.6] 10.7 [8; 12] 0.227
ratio of peak E to peak A 1.2 [0.7; 2.3] 1.4 [0.8; 2.5] 0.755
Left atrium (cm) 4.6+0.5 4.6+ 0.9 0.513
Left atrium (mL) 94 [77; 114] 88 [68; 123] 0.685
Right atrium (mL) 75 [55.25; 89.25] 52 [40; 93] 0.099
Right ventricle (cm) 32405 33405 0.539
PASP (mmHg) 38 [30; 48] 35 [30; 52] 0.802
Mitral regurgitation, grade 2[1;2.5] 1.5[1;2] 0.093
Tricuspid regurgitation, grade 1[1;2] 1[0.5; 1] 0.035
ACE inhibitors/sartans, n (%) 29 (66%) 2 (7%) <0.001
Sacubitril-valsartan, n (%) 13 (29%) 29 (91%) 0.009
Beta-blockers, n (%) 41 (91%) 27 (84%) 0.272
AMR, n (%) 43 (95%) 30 (94%) 0.851
Dapagliflozin, n (%) 8 (18%) 21 (66%) <0.001
Amiodarone, n (%) 27 (60%) 12 (38%) 0.053
Anticoagulants, n (%) 25 (56%) 19 (60%) 0.740
Corticosteroids, n (%) 43 (96%) 32 (100%) 0.230
Cytostatics, n (%) 34 (76%) 11 (34%) <0.001
Follow-up, months 27 [15.5; 35.5] 91[6; 12] <0.001

Abbreviations: ACE, angiotensin-converting enzyme; AMR, antagonists of mineralocorticoid receptor;

CRP, C-reactive protein; dp/dt, rate of change of pressure during isovolumic contraction; EDD, end-diastolic

diameter; EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; LBBB, left bundle
branch block; LV, left ventricle; NYHA, New York Heart Association; PASP, pulmonary artery systolic

pressure; VTI, velocity time integral; CRP, C-reactive protein.

3. Results

Comparative clinical characteristics of patients with
non-COVID and post-COVID myocarditis presented in Ta-
ble 1.

Patients with non-COVID and post-COVID my-
ocarditis did not differ in the manifestation of heart failure
and the degree of structural and functional cardiac lesions.
Patients with post-COVID myocarditis presented by de-
layed onset of symptoms: median time after acute COVID-
19 was 5.5 [2.75; 13.5] months. The diagnosis of new coro-
navirus infection was confirmed by positive PCR during the
infection (43% of patients) and the appearance of diagnos-

tic titres of antiviral antibodies (in all patients). Bilateral
viral pneumonia was diagnosed at CT in 7 patients, respi-
ratory failure developed in only four patients. The severity
of acute COVID-19 did not correlate with subsequent post-
COVID myocarditis.

The overall duration of the disease was not signif-
icantly different in patients with non-COVID and post-
COVD myocarditis and was on average 10—11 months.
There was a tendency for a more significant increase in
titres of anti-heart antibodies in the post-COVID myocardi-
tis, while inflammatory changes were generally absent in
both groups. High pulmonary hypertension due to pul-
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Fig. 2. Morphological and immunohistochemical (IHC) study in patients with non-COVID and post-COVID myocarditis. Upper

row (A—C) hematoxylin and eosin staining, middle and lower rows; (D-I) THC study. Active lymphocytic myocarditis (A, non-COVID;
B, post-COVID) and eosinophilic myocarditis (C, only post-COVID). More pronounced infiltration by CD3 (E) and CD45-positive cells
(H) in post-COVID myocarditis in comparison with non-COVID myocarditis (D,G). Detection of SARS-CoV-2 nucleocapsid (F) and
spike protein (I) in post-COVID myocarditis. Scale bar of fig. A, B, C, D, F, G is 20 um; scale bar of fig. E, H, I is 10 pm.

monary embolism were not found as a cause of myocardial
dysfunction.

In MRI, only one patient in each group showed signs
of oedema. The majority of the patients who underwent
this examination had a one or two criteria of myocarditis:
subepicardial or intramyocardial late gadolinium enhance-
ment mainly in LV myocardium, increased native myocar-
dial relaxation time in T1 mode, increased extracellular vol-
ume, excessive amount of fluid in pericardium. There were
also no differences between the groups.

Significant differences in cardiotropic therapy were
associated with the time of EMB and myocarditis diagnosis
— before or after 2020. Accordingly, patients with post-
COVID myocarditis significantly more often were treated
with sacubitril-valsartan and dapagliflozin. Their follow-up
period was significantly shorter than in patients with non-
COVID myocarditis (see Table 1).

@B IMR Press

3.1 Morphological Examination in Patients With
Non-COVID and Post-COVID Myocarditis

The lymphocytic variant was predominant in both
non-COVID and post-COVID myocarditis (Fig. 2A,B):
active in 82% and 97%, borderline in 18% and 3% re-
spectively. One patient from each group had giant cell
myocarditis. In addition, three eosinophilic myocarditis
were diagnosed only among patients with post-COVID my-
ocarditis (Fig. 2C). The specific characteristics of post-
COVID myocarditis were also a high incidence of endo-
carditis (19% vs 7% in non-COVID myocarditis) and vas-
culitis (80% vs 54%) with microvascular thrombosis in 23%
of cases vs only 8% in non-COVID myocarditis.

The THC study showed a non-significantly higher
number of CD3-positive lymphocytes and a significantly
higher number of CD45- and CD-68-positive cells in
the infiltrates in patients with post-COVID myocardi-
tis compared with non-COVID myocarditis (Table 2;
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Fig. 3. Comparison of inflammatory cell numbers and TLR type 4 subcellular distribution in patients with non-COVID and
post-COVID myocarditis. The number of cells was counted per 1 mm?, and TLR distribution was scored on a scale of 0 to 6. * has
been explained in the text.

rditis

3

Non-COVID myocarditis Post-COVID myoca

Fig. 4. Subcellular distribution of TLR4 and TLR 9 in non-COVID and post-COVID myocarditis. TLR, toll-like receptors; COVID,

coronavirus disease. Scale bar of the left images is 50 pm; scale bar of the right images is 10 um.

Fig. 2D,E,G,H; Fig. 3, left panel). CD-20 positive lympho- The THC study showed a non-significantly higher
cytes were in fact absent in the infiltrates of both groups of ~ number of CD3-positive lymphocytes and a significantly
patients. higher number of CD45- and CD-68-positive cells in

the infiltrates in patients with post-COVID myocardi-
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Table 2. Comparative clinical characteristics of patients with non-COVID and post-COVID myocarditis.

Expression by IHC ~ Non-COVID myocarditis  Post-COVID myocarditis P

CD3 9.5[7;13.5] 10 [10; 14] 0.420
CD20 0[0; 0] 01[0; 0] 0.345
CD45 21.5[14.25; 28] 32 [20; 58] 0.048
CD68 01[0; 4.5] 7[5;17] <0.001
TLR4 endocardium 4[4; 6] 6[4; 6] 0.590
TLR4 endothelium 512; 6] 4[2;6] 0.462
TLR4 macrophages 4[0; 6] 51[4; 6] 0.462
TLR9 endocardium 01[0; 2] 2[0; 2] 0.429
TLR9 endothelium 01[0; 0] 0[0; 0] 0.729
TLR9 macrophages 01[0; 2] 2 [0; 2] 0.462

TLR, toll-like receptors.

tis compared with non-COVID myocarditis (Table 2;
Fig. 2D,E,G,H; Fig. 3, left panel). CD-20 positive lympho-
cytes were in fact absent in the infiltrates of both groups of
patients.

Virological examination was performed at the stage of
enrollment in the study. When viral genome was detected in
myocardium, patients were not included in the study. The
exclusion was made for patients with DNA of parvovirus
B19 (in both groups). Coronavirus nucleocapsid and spike
proteins with predominant deposition in endothelium, in-
filtrate cells (lymphocytes, macrophages) and, in lower de-
gree, in cardiomyocytes were detected in all patients with
post-COVID myocarditis (Fig. 2F,I). PCR for SARS-Co V-
2 RNA was performed in 14 patients and was positive in 12
(86% of cases). The mean time from COVID-19 onset to
myocardial biopsy was 7 [2.75; 18] months. The maximum
time after acute COVID-19 in a patient with positive PCR
for SARS-CoV-2 was 18 months.

3.2 Comparison of TLR4 and TLTY Subcellular
Distribution in Myocardium in Patients With Non-COVID
and Post-COVID Myocarditis

In patients with both non-COVID and post-COVID
myocarditis, a marked subcellular distribution of TLR type
4 and, to a lesser extent, TLRY type 9 was detected (Ta-
ble 2). TLRs were distributed predominantly in the pari-
etal endocardium, vascular endothelium, and macrophages
(Fig. 4). We observed significant correlations of TLR9 dis-
tribution and the number of CD3, CD68-positive cells in
the infiltrates (r = 0.4, p < 0.05). The distribution of TLR4
and TLR 9 was not significantly higher in post-COVID my-
ocarditis than in non-COVID myocarditis (Table 2, Fig. 3,
right panel). At the same time, TLR4 distribution in endo-
cardium and vascular endothelium was significantly corre-
lated with detection of parvovirus B19 DNA in myocardium
(r=10.04, p < 0.05).
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3.3 Comparison of Response to the Therapy in Patients
With Non-COVID and Post-COVID Myocarditis

Patients with non-COVID and post-COVID my-
ocarditis were treated with comparable IST and complex
therapy for heart failure (see Table 1). At the same doses of
methylprednisolone, patients with post-COVID myocardi-
tis were treated more often with corticosteroid monother-
apy (in 66%), whereas in non-COVID myocarditis a steroid
and cytostatic combination was more often prescribed (in
76%). In the early treatment period (4—6 months after IST
administration) and by the end of the follow-up, a signifi-
cantly higher percentage of patients with excellent response
to therapy (10% or more increase in LV EF) was observed
in post-COVID myocarditis than in non-COVID myocardi-
tis (Fig. 5, left panel). LV EF increased significantly in both
groups, but by the end of the follow-up it was significantly
higher in patients with post-COVID myocarditis (Fig. 5,
right panel) in the absence of baseline differences (see Ta-
ble 1).

In view of some differences in the heart failure therapy
and duration of treatment (see Table 1), a multivariate anal-
ysis was performed to examine the impact of dapagliflozin,
sacubitril-valsartan prescription, duration of follow-up, and
post-COVID nature of myocarditis on the best response to
therapy. Using linear regression method, we found that
only the post-COVID myocarditis maintained independent
significance with a significance level of p = 0.20.

3.4 Comparison of Disease Outcomes in Patients With
Non-COVID and Post-COVID Myocarditis

There were no significant differences between the
groups in lethality, transplantation rate and death + trans-
plantation rate (Table 3). The cause of death in four patients
was terminal heart failure (heart transplantation could not
be performed). One patient with non-COVID myocarditis
had sudden cardiac death during the first month of treat-
ment. In one patient with post-COVID myocarditis with
a good response to treatment, the cause of death remained
unclear.
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Fig. 5. Response to therapy and dynamics of LV EF in patients with non-COVID and post-COVID myocarditis. LV EF, left

ventricular ejection fraction; COVID, coronavirus disease.

Table 3. Unfavourable outcomes in patients with non-COVID and post-COVID myocarditis.

Outcomes Non-COVID myocarditis  Post-COVID myocarditis p

Death 3(6.7%) 3(9.4%) 0.664
Heart transplantation 2 (4.4%) 0 0.230
Death + transplantation 5(11.1%) 3 (9.4%) 0.807

There was an inverse correlation between un-
favourable outcomes and treatment duration: all deaths,
with one exception, occurred in the first months of treat-
ment. Adverse outcomes correlated both with the degree
of initial decrease in EF and with poor response to treat-
ment. No significant correlations of TLR expression with
response to treatment and unfavourable outcomes were
found. The presence of parvovirus B19 DNA in the my-
ocardium had no effect on treatment efficiency and out-
comes.

4. Discussion

Our study is the first to associate the post-COVID na-
ture of myocarditis with higher morphologic activity and
better response to IST.

For the first time, we have shown that the num-
ber of not only macrophages but also CD45 positive
cells in inflammatory infiltrates is significantly higher in
post-COVID myocarditis compared with non-COVID my-
ocarditis. The morphologic spectrum of myocarditis was
wider in the post-COVID group: three cases of eosinophilic
myocarditis and one giant cell myocarditis were diagnosed;
the proportion of these highly immune forms was 12.5%. It
is significantly higher than in normal myocarditis.

At the same time, the presence of coronavirus RNA
and/or proteins in the myocardium was noted in all patients
with post-COVID myocarditis, which was a criterion for
the inclusion in this group. Coronavirus challenges the con-
cept that eosinophilic and giant cell myocarditis are virus-
negative and caused exclusively by immune mechanisms.
Although most reports of COVID-associated eosinophilic

myocarditis describe virus-negative cases due to vaccina-
tion [8], in one of the first case reports, fatal myocarditis
developed at the peak of acute infection [9]. SARS-CoV-2
RNA was detected in both of our patients with giant cell and
eosinophilic myocarditis who underwent PCR. A similar re-
sponse of the organism to the spike protein of both native
SARS-CoV-2 and mRNA vaccines can be hypothesized.

Small autopsy studies quantified cellular infiltrates in
coronavirus myocarditis in comparison with pre-COVID
myocarditis: a high number of CD68 positive cells and, in
contrast, a decrease in the number of CD4 and CDS8 positive
lymphocytes were found [ 10]. CD68 within infiltrates were
also described in post-COVID virus-negative myocardi-
tis [5]. Suggesting, resident alveolar macrophages are in-
volved in the initial response to viral infection, and may
disseminate antigenic material of SARS-CoV-2 to other or-
gans. The mononuclear phagocyte system is considered as
a major player in the hyperinflammation and procoagula-
tion, which can lead to vascular endothelial damage and
microthrombosis [11]. This is in agreement with our data
about the high incidence of vasculitis and microvascular
thrombosis.

However, high macrophage activity alone cannot fully
explain the development of chronic post-COVID myocardi-
tis. One of the comparative morphologic studies also
showed a higher number of CD68 cells in the myocardium
in patients who had COVID-19 compared with pre-COVID
myocarditis. But criteria for post-CoVID myocarditis were
found in less than half of these patients [12]. There were
no significant differences in the expression of endothelial
activation markers. PCR tests did not detect SARS-CoV-2
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RNA in any cases, which may also explain the low inci-
dence of myocarditis in this study; time after COVID-19 is
not reported.

It can be hypothesized that virus persistence leads not
so much to direct damage of cardiomyocytes as to activa-
tion of autoimmune processes. In our study, a tendency to
higher titers of anti-heart antibodies in post-COVID my-
ocarditis was noted. Their production was associated with
persistence of RNA and/or virus proteins and can be con-
sidered as one of the leading mechanisms of myocarditis
chronicization. There is some evidence of high autoim-
munity in post-COVID myocarditis. One case of mor-
phologically proved fulminant myocarditis one month after
acute infection with human myxovirus resistance protein 1
(MxA) in the myocardium is described [13]. The authors
named it «dermatomyositis-like myocarditisy.

In view of the importance of both mechanisms (coro-
navirus and also parvovirus B19 persistence and autoim-
mune activation), the study of TLR distribution in the my-
ocardium was of especial interest. TLR — a family of innate
immunity receptors that are on the immune competent cells’
surface and are activated under the influence of various in-
fectious agents. In humans, 10 types of TLR, which trigger
the synthesis of proinflammatory cytokines and the induc-
tion of genes responsible for inflammatory response of the
cell. In a number of researches of TLR4 expression in pa-
tients with coxsackie myocarditis compared with control a
correlation of TLR4 with the presence of viral RNA and
viral replication was shown [14]. By silencing the TLR4
gene, the coxsackie virus B induced TLR4 production and
severity of myocarditis were significantly decreased [15].

On the other hand, an increased expression of TLR
type 4 has been proven in patients with virus-negative (au-
toimmune) myocarditis; they were a great predictor of a
positive response to IST with a sensitivity of 100%, speci-
ficity of 90.9% and positive predictive value of 98% [16].
In a recent study of myocarditis in psoriasis, the same group
of researchers found evidence of its autoimmune nature. In
addition to increasing of anti-heart antibodies in the blood,
TLR-4 and interleukin 17 overexpression vs. no-psoriatic
myocarditis was found in the myocardium [17]. The viral
genome was absent in the myocardium of all patients. Ther-
apy with steroids, azathioprine and secukinumab resulted
in rapid clinical improvement. When necrotizing coronary
vasculitis was compared with myocarditis, TLR 4 was over-
expressed in immune-mediated forms and poorly detected
in viral forms [18].

We found no clear association between TLR subcellu-
lar distribution and response to complex therapy. The lack
of significant differences may be due to the small number
of observations (TLR distribution study was performed in
38 patients, only five of them showed a poor response to
therapy). But it cannot be excluded that TLR subcellular
distribution reflected not only the degree of autoimmune
activation but also the viral load. This can be proved by

&% IMR Press

an identified significant correlation between the presence
of parvovirus B19 in the myocardium and TLR4 distribu-
tion in the endocardium and endothelium targeted by this
virus.

We obtained no data on a significant effect of par-
vovirus B19 on the course of myocarditis in either group.
We completely excluded patients with positive PCR for
other cardiotropic viruses in the myocardium. However,
we cannot exclude that other rarer viruses, which were out-
side the study area, may have an impact on the course of
the disease. In addition, in all cases of inadequate response
to complex therapy we can suggest the presence of ge-
netic predisposition, latent mutations in myocardial struc-
tural proteins, which requires special studies.

We did not observe significant differences in the un-
favorable outcomes in patients with post-COVID and non-
COVID myocarditis. Follow-up was shorter in the post-
COVID myocarditis group for clear reasons, which does
not exclude the occurrence of differences at later periods.
However, the immediate response to immunosuppressive
therapy was evaluated at earlier time periods, comparable in
patients with post-COVID and non-COVIDs myocarditis,
and comparison of the groups showed interesting results.

In general, our patients with post-COVID myocardi-
tis showed a significantly better response to treatment com-
pared with non-COVID myocarditis, despite the absence of
baseline differences and a lower frequency of cytostatic pre-
scription (in combination with corticosteroids). We avoided
prescribing cytostatics mainly in patients with positive PCR
for SARS-CoV-2 RNA, although there are no specific stud-
ies in this regard. The use of cytostatics in a small pro-
portion of post-COVID patients was not accompanied by
marked differences in treatment results, but a larger group
of patients should be analyzed.

All identified characteristics of post-COVID my-
ocarditis formed the background for the high efficacy of
IST. The presence of parvovirus B19 in the myocardium
had no effect on the treatment results, in agreement with
earlier studies of IST in parvovirus-positive patients [19].
There are no SARS-CoV-2 antiviral drugs with proven ef-
ficacy in the long term after COVID-19. There are also no
specific studies on the efficacy of steroid therapy in post-
COVID myocarditis, but their effectiveness was shown in
single case reports [5]. In one such case, effective steroid
and cytostatic therapy was discontinued after a retrospec-
tive positive myocardial PCR for coronavirus in 2020 [20].
That doesn’t seem reasonable today.

We previously reported the efficacy of steroid therapy
in patients with post-COVID myocarditis [7]. This study
is the first to show a more significant positive response to
IST in patients with post-COVID myocarditis compared to
pre-COVID myocarditis, despite the rarer administration of
cytostatics. We believe, that this result reflects the high im-
mune activity of post-COVID myocarditis and its sensitiv-
ity to steroid therapy, regardless of the presence of virus in


https://www.imrpress.com

the myocardium. The benefit of simultaneous prescription
of cytostatics requires further study.

5. Conclusion

SARS-CoV-2 infection can induce chronic myocardi-
tis with persistent systolic dysfunction. The median time
to symptom onset after acute COVID-19 was 5.5 [2.75;
13.5] months. Clinically, this myocarditis had no signifi-
cant differences from non-COVID myocarditis, although a
tendency to higher titers of anti-heart antibodies, more pro-
nounced dilatation of the LV, and decreased LV EF was de-
tected.

A wider spectrum of morphologic variants with a
high frequency of hyperimmune forms (giant cell and
eosinophilic myocarditis in 12.5%) was detected in EMB.
Nucleocapsid and spike proteins of SARS-CoV-2 were
found in all patients; PCR for RNA coronavirus was posi-
tive in 86% of cases. The duration of virus persistence in the
myocardium reached 18 months and can be considered as
one of the important mechanisms of post-CoV-2 myocardi-
tis.

On the other hand, a more numerous of CD45 and
CD68 positive cells were detected, and there was a tendency
to more intense distribution of TLR4 and TLR9, what may
reflect high activity of immune inflammation. Steroid ther-
apy (in combination with cytostatics in 34%) was associ-
ated with a higher rate of good response to therapy and a
significantly higher increase in LV EF compared with non-
COVID myocarditis. There were no differences in the rate
of death/transplantation. No correlation between TLR dis-
tribution and response to therapy was obtained, which may
be due to the small number of patients with ineffective treat-
ment. Further studies with a large number of patients with
different forms of myocarditis (including viruspositive) and
different response to treatment are needed to evaluate the
clinical significance of increased expression of toll-like re-
ceptors.

The limitations of this study are the relatively small
number of patients in each subgroup, especially for TLR
expression evaluation.
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