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Viral myocarditis occurred after viral
invasion of the cardiocytes and followed
by the releasing of viral particles and
inflammatory  cells.  Acute viral

. ) myocarditis is relatively common phase
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heart failure and cardiac damage ended with chronic heart failure with increased mortality
rate. The fully understand mechanism of viral myocarditis is unclear but some hypothesis
trying to illustrate the events of the disease.

Regardless of etiological cause, myocarditis is treated depending on disease phase and by
following the instructions of Heart Failure Society of America guideline.

This article provides the basic knowledge available in literatures to review some important
informations of viral myocarditis, with a special focusing on viral myocarditis caused by
coxsackievirus B3 infection.
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Introduction

Viruses are causing diseases accompanied
with clinical symptoms such as flu, sore
throat, gastritis and others which recovered
after treatment or resolved spontaneously.
Sometimes after viral infection many
complications may develop, one of these
complications  is  myocarditis,  an
inflammation of the heart muscle 11,
Corvisart used the term "myocarditis™ in
the 19" century for the first time, but this
term was ended after the recognition of
coronary artery disease as the main cause
for heart disease 21,

Myocarditis (inflammatory cardio-
myopathy) is an inflammation of the heart
and probably leading to dilated
cardiomyopathy (DCM), it is characterized
by clinical or histopathological features,
with characterized broad clinical spectrum
ranging from asymptomatic to the onset of
heart failure ending with cardiac death and
this clinical picture is vary from person to
person. Many informative data and studies
tried to focus on the relation between
infectious agents (bacteria, viruses, and
fungi) or autoimmune reaction that leads to
myocarditis 1.

Regarding the etiological and causative
agents, the most common viruses causing
myocarditis are enteroviruses (especially
coxsackievirus B), adenovirus, parvovirus
B19, hepatitis virus, and herpesviruses
especially human herpesvirus 6, Epestien
Barr virus and human cytomegalovirus -6}
Viral myocarditis is a main cause of an
acute and chronic dilated cardiomyopathy,
many studies especially
seroepidemiological and molecular studies
stated that since 1950s to 1990s
coxsackievirus B was linked to the
outbreaks of myocarditis 67,

Pathological changes in myocarditis is one
of the heart muscle injury which caused by
necrosis after infectious agent invasion and
then causing triggering innate immune
response at the site of injury including
interferon gamma, natural killer cells, and
nitric oxide [,
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Myocarditis is divided into three distinct
phases, destruction of cardiomyocytes due
to the lysis that caused by the virus is
occurred in the first stage which leading to
increase entrance of the virus and cardiac
dilatation. Released particles from the
invasive virus and cardiac proteins are
phagocytized by antigen presenting cells
that transported to the regional lymph
nodes. Most patients recovered at this
stage but in others when viral myocarditis
suspected to be a primitive cause of
autoimmune disease affecting the heart
muscle, the disease will continue. The
standard method for diagnosis was mainly
based on Dallas criteria which depends on
histopathological ~ changes in  the
endomyocardial biopsy. However, the
Dallas criteria now is not sensitive for the
diagnosis of myocarditis because this
criterion doesn't match with viral genome
in the biopsy and also it is considered as an
invasive method [(*11,

Regarding the hypothesis which believed
that the most common viruses have a
distinct role in autoimmune myocarditis
such as  enteroviruses  (especially
coxsackievirus), herpes viruses (especially
Epstein Barr virus, human herpesvirus 6,
and cytomegalovirus) and hepatitis viruses,
a previous study on the inflammatory
reactions that produced after infection by
DNA and RNA viruses suggested that the
viruses have non-specific role in
myocarditis . While other studies
concentrated on the viruses that induced
myocarditis may lead to autoimmune
disease, and a study done by Andreoletti et
al., registered that up to 40% of patients
who died with acute myocardial infection
had active coxsackievirus B infection
revealed cytoskeletal  disruption in
cardiomyocytes 11,

Pathogenesis and clinical presentation of
viral myocarditis

The pathogenesis of viral myocarditis was
studied previously through numerous
animal model researches, all those studies
showed that the infective virus enters via
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receptors to the cardiac muscle and
macrophages, initiating a cytotoxic effect
(12131 The events of pathogenesis are not
illustrated very well, but a serological
study on enteroviruses registered the
association between the elevated viral titer
and the clinical feature of acute heart
failure. Other studies proved that both
immune response and direct viral
destructive effect on myocardial tissue are
explain the pathogenesis of viral heart
disease 1151, The first immunological cells
activated when the virus enter the heart
muscle is natural killer (NK) cells, the role
of NK cells is restricted to viral replication
with production of interleukin (IL)-1pB,
tumour necrosis factor a (TNFa), vy
interferon, and IL-2p, all these cytokines
have contributed in beneficial and harmful
effect by reducing the effects of viral
infection and improve the heart function of
murine model or by causing heart
disruption (16171,

The second inflammatory cells enrolled in
the myocardial tissue of murine model
infected with virus are T lymphocytes
which have a role in viral clearance and
immune mediated cardiac damage via the
destruction of infected cells of the heart
tissue. In-vitro study has been suggested
that T Ilymphocytes may lead to
cardiocytes injury due to molecular
mimicry and similarity between viral
protein and myocardial antigen that
directed T cells to destruct myocardial
tissues instead of eradicate the virus and
the damage of the cardiac cells itself will
stimulate more cell lysis 181,

A clinical trial showed that the prescription
of immunosuppressive therapy didn't give
good response in reducing of viral damage,
while in other clinical study there was an
improvement in patients with myocarditis
after consumption of immune globulin
[19,20]'

Viral myocarditis categorized into acute
and chronic phase. Viremia will occur after
viral infection and entrance to the
cardiocytes, the acute phase is
accompanied with myocytes death and
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stimulation of immediate (innate) immune
response through interferon gamma, NK
cells, and nitric oxide Y. The released
viral particles and host protein of cardiac
tissue carried by antigen-presenting cells
outside the heart reaching the lymph
nodes. Most patients with acute viral
myocarditis have been recovered but many
patients may enter the chronic phase of the
disease which accompanied with adaptive
immune response when the antibody
against virus and against cardiac proteins
are produced parallel with the proliferation
of effector T cells. When the third phase
starts, the immune reaction will reduce and
down regulation will occurred then the

fibrosis replaces the immune cells
infiltration into the site of affected tissue in
myocardium 122,

The clinical symptoms of viral myocarditis
are varies ranging from ischemic like-chest
pain to syncope due to acute heart failure
and life-threatening heart failure . Some
patients with acute viral myocarditis are
suffering from flu-like syndrome because
of respiratory or gastrointestinal infections
41 There is an enlargement in ventricular
chambers, ventricular arrhythmia and
irregularity in ST-T segments changes with
elevation of cardiac enzymes (Creatine
kinase/CKMB or protein troponin 1).
Angiography is very essential to
distinguish between acute viral myocarditis
and acute coronary syndrome. The acute
phase of viral myocarditis is lasting from
2-4 weeks and the patients presented with
non-specific symptoms such as prolonged
angina, dyspnea, fatigue, and impaired
ventricular function 25261,

Acute viral myocarditis progressed to
chronic viral myocarditis if the immune
response failed to eliminate the causative
agent. Viral myocarditis refers to the
chronic phase when the acute phase does
not disappear within 2-4 weeks or after
recurrent symptoms appear 27281,

Treatment
Many patients with myocarditis are
suffered from mild symptoms and usually
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self-limiting will occur, so first treatment
for these cases is concentrating on
supportive therapy, including supplemental
oxygen, rest, and antibiotics for secondary
bacterial infection in affected myocardial
tissue 461,

The treatment of the viral myocarditis has
been prescribed to the patient after

the diagnosis of viral myocarditis which
depends on the physical examination,
estimation the elevated level of cardiac
biomarkers such as, troponin | or troponin
T, echocardiography, and cardiac Magnetic
resonance imaging (MRI) 281,

The limitation of physical activities is
highly recommended for all patients of
myocarditis in general, this limitation is at
least for six months or until complete
healing and disappearing of clinical
symptoms confirmed by MRI or cardiac
biopsies. After complete the consumption
of prescribed therapy for the patients with
acute viral myocarditis, the patients should
prevent from aerobic exercises for several
months and could be return to this type of
exercise when severity of the disease is
reduced [29].

In general, the required therapy of viral
myocarditis varies depending on the
disease phase and should follow the the
American College of Cardiology (ACC),
the American Heart Association (AHA),
and the European Society of Cardiology
(ESC) and Heart Failure Society of
America guidelines [30]. In acute viral
myocarditis, symptomatic heart failure and
DCM patient especially with
hemodynamic stability may get benefit
when uses angiotensin converting enzyme
inhibitors or angiotensin receptor blockers.
The treatment by p-adrenergic blockers
may improve the function of left
ventricular, relieve the symptoms of heart
failure, and reduce inflammation (%321,

The acute phase of viral myocarditis
occurred during few days or weeks, so the
antiviral agents have low effect on the
disease. In addition to that the low
sensitivity of myocardial biopsy in the
diagnosis of viral infection make the
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antiviral chemotherapy has no value in the
treatment; however; a good response
occurred in mice with acute myocarditis
when  administered  Ribavarin  and
interferon alpha at the time of virus
inoculation 3341,

Several studies and experiments suggested
that acute and some cases of chronic
myocarditis happened due to an immune
reaction of T cells and autoimmune
antibodies. However, data from the clinical
trials didn’t show a beneficial effect of
immunosuppressive drugs. For example,
prednisone and either azathioprine or
cyclosporine were prescribed to 111 USA
patients with histologically confirmed
myocarditis but there was no improvement
in transplant free survival or in left
ventricular ejection fraction (LVEF) [35].
The treatment of chronic phase of viral
myocarditis should be in combination
between angiotensin and adrenergic
pathway inhibition, such as eplerenone or
spironolactone  and  diuretics  for
optimization of intravascular volume.
Anticoagulants are required in patients
with atrial fibrillation or with venous
thromboembolism.  Also, parenteral
inotropes, including milrinone as an
example for phosphodiesterase inhibitors
or dobutamine as adrenergic agonists
should be given to patients with severe
myocarditis and symptomatic hypotension.
Patients with ongoing systolic dysfunction
are required in addition to consumption of
therapy changing of their lifestyle such as,
consumption of low-sodium diet, fluid
restriction, and avoiding of non-steroidal
anti-inflammatory drugs 4.

In addition to that arrhythmia suppression
and hemodynamic support  with
vasopressors and positive inotropic agents
may be necessary for patients with severe
myocarditis. Persons with severe fulminant
myocarditis may require aggressive short-
term support with an intra-aortic balloon
pump or left ventricular assist devices 41,
From previous studies we found an
example of treatment of viral myocarditis
that caused by coxsackievirus B3 (CVB3),
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a member of enteroviruses, a positive
single stranded non-enveloped RNA virus.
About 30% of viral myocarditis cases are
caused mainly by CV3 that enters
cardiomyocytes through endocytosis via
coxsackie and adenovirus receptor (CAR),
the receptor which located in the same site
with junction protein such as occludin
[36,37]_

When CVB3 particles attach to CAR, the
conformation of the receptor will change
forming a viral particle called A-particle, a
product of the reaction occurs between the
virus and CAR, this interaction permits the
process of releasing of viral RNA inside
the host cells and initiates viral
transcription  then  translation.  The
observation of viral trapping by soluble
CAR protein causing inactive A-particles
proposed a strategy or a plane in CVB3
treatment. The observation that soluble
CAR protein can function as a virus trap
leading to inactive A-particles has
s(lJJ]ggested a strategy for CVB3 therapy [
40].

However, the studies on viral myocarditis
are continuous, no clinical trial is available
until. now, and managements with
supportive treatment, such as improvement
of hemodynamics with drugs and reducing
of viral load by consumption of antiviral
therapies still highly recommended [41-
43].

Treatment trends  (strategies) of
myocarditis with CVB3 infection

- CVB3 infection treatment by nucleic
acid-based antivirals.

The first strategy was based on antisense
oligonucleotides (ASONSs) against CVB3
which were designed to have the ability to
interact with the complementary genetic
segment in the target mRNA forming
RNA-DNA heteroduplexes. The new
sequences will be recognized by RNase H,
which begin to digest only RNA strand in
the hybrid RNA-DNA duplex. Because the
instability, non-specificity, and undesired
side effects of this molecule, ASONs, the
structure has been changed in different
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structural parts such as nitrogen bases,
ribose sugar, or phosphate group, then now
it has been entered the new generation (the
third generation) 141,

Induction of CpG containing
oligodeoxynucleotide, was also used to
activate antiviral immunity. The activation
is due to the C type of CpG oligomer will
activate response against the infection with
CVB3 in human peripheral mononuclear
cells by stimulation of releasing of
interferons 51,

Regarding the treatment of CVB3, the
second strategy has been proposed that the
using of ribozyme as an antiviral (a small
active RNA molecule that acts as enzyme
and cleaves the single strand of RNA
specifically with no need to proteins) has
good therapeutic advantages. Ribozymes
have the ability to transact and to confer
specificity and virtually cleave any target
sequence through fusion of the ribozyme
core sequence at the 5° and 3’ ends with
the complementary sequences to the target
gene 81 This strategy has been proposed
but not documented against CVB3 viral
infection while many studies were reported
against hepatitis C viral infection [4748],
Using of RNA interference (RNAI) of
CVB3 as a third strategy contributes
successfully in the defense mechanism
against viral infection in human cells [49].
The specific silencing of RNA is mediated
by small types of RNAs the first termed
short interfering RNAs (siRNA) and the
second called microRNA (miRNA). The
SiRNA generated during the cleavage of
double stranded non-coding RNA by one
of 11l endoribonucleases class into siRNA
(fragments with a 21-25 nts in length),
these fragments are gathered into a
complex, called the RNA-induced
silencing complex (RISC), this complex
will cause an insertion of a single strand of
the siRNA as an antisense sequence to
silence the target gene [50,51]. While
mMIiRNA is formed from the primitive
sequences of non-coding regions (introns)
of protein-coding polymerase Il transcripts
which called primary miRNA which
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produced from a process of RNase Il
Drosha to produce about 70-nt long pre-
miRNAs, which are transferred to the
cytoplasm via exportin-5 and then cleaved
by Dicer to be the activated miRNA. The
role of these two types of RNA is based on
the nature of interaction between the
siRNA or miRNA and their interaction
with the target sequences and this binding
also depends on the complementarities
between the miRNA and mRNA even it
was complete or partial, this will lead to
cleavage of the target sequence or inhibit
the translation (52531,

The strategy of Anti-CVB3 siRNAs is
more efficient than Anti-CVB3 antisense
oligonucleotides (ASONSs) strategy
because the inhibition of any genes of viral
in addition of cells due to the effect of
small double-stranded RNAs, as a silencer
of target gene expression if the sequence of
target gene is unique. From this reason the
target search for anti-CVB3 SiRNAs is
concentrate on both CVB3 genome and the
host cellular genes which are contribute
and play a role in viral replication or viral
infection. Viral genome carries multi cis-
acting sequences required for viral
transcription and translation processes,
such as the 5’ and 3° UTRs, IRES, and
other sequences in the attachment sites of
the transcription and translation initiation
factors. Many genetic codes of the virus
are encoding several necessary enzymes
required for replication of the virus, such
as proteases 2A and 3C in addition to
polymerase 3D. All these structures are
considered as suitable targets in designing
of anti-CVB3 siRNAs. The earlier
selection was concentrated on CVB3
protease 2A. Also, two independent groups
approved that inhibition of 2A protease by
a specific siRNAs will interrupt viral
replicative cycle. In a previous study, five
SIRNAs revealed very strong activity
against CVB3 in HeLa cells, by reduction
about 92% of viral multiplication when
targeting process of the 5° UTR, AUG start
codon, VP1, 2A and 3D, respectively and
found that the SiRNA targeting 2A (nts
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3543-3561) while siRNAs targeting VP1,
3D and the 5’UTR showed low antiviral
effects, respectively. Furthermore VP1, a
viral structural protein was chosen as a
good target to evaluate anti-CVB3
siRNAs; however, informative data from
previous studies didn't show active role of
the siRNA targeting this gene in compare
to other genes 54,

Regarding host cellular genes, CAR
receptor was chosen to be a suitable target
to inhibit both CVB3 and adenovirus
because this receptor sharing the attractive
site for these two viruses to cause
myocarditis. A study was designed to
silence the expression of CAR receptor

with  specific SiRNAs through the
transfection of SiRNAs, siCAR2 or
SICAR9 in HeLa cells, the complete

silencing of the expression of CAR and
also using of viral plaque assay showed
approximately 60% reduction in the
formation of CVB3 particle [,

-Immunosuppression and
immunomodulation therapies:
Immunosuppressive therapy continues to
be investigated as a treatment for
myocarditis.  Although treatment of
myocarditis is successful in many persons,
some cases progress to congestive heart
failure and may lead to a limited life span.
For those persons, heart transplantation
becomes an alternative therapy 81,
Immunosuppression therapies, such as
cyclosporine and prednisone are suitable
choice  especially for giant cells
myocarditis ®®1. And muromonab 3-C also
used as immunosuppressive drug and
successfully treats the patients with giant
cell myocarditis 71

Mesenchymal stromal cells (MSCs) have
cardioprotective and immunomodulatory
properties 85 In-vitro, coculture with
CVB3-infected HL-1 cells, CVB3-induced
apoptosis and consequent viral progeny
release were reduced by MSC. In-vivo,
intravenous injection of MSC improved
the contraction and relaxation in
myocarditis with CVB3 and caused a
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reduction in cardiac apoptosis,
cardiomyocyte damage, cardiac
mononuclear cell activation, and cardiac
fibrosis, with low reduction in CVB3 load
[60,61]_

Regulatory T cells (Treg) constitutes 5—
10% of the peripheral T cells, and stated as
regulator of the immune reaction [62],
Treg is play an essential role in the
induction and maintenance of immune
homeostasis in viral myocarditis [¢%],
Studies in myocarditis declared that direct
Tregs application might be a promised
strategy in the treatment of myocarditis,
this hypothesis is based on prophylactic
(6465 and therapeutic ¢! adoptive transfer
of Tregs which may improve CVB3
myocarditis 7],

Experimental studies on viral myocarditis
showed a good result after the treatment by
immunoglobulins  (IgGs) as immune-
omodulator therapy via the prevention of
myocardial injury. IgGs also will reduce
the scar formation and decrease the level
of pro-inflammatory TNF-a and increase
the anti-inflammatory interleukins 1L-1
and IL-10 68691,

Antiviral chemotherapy:

Many antiviral agents were produced to
inhibit one of the steps in viral replication,
such as WIN 54954 which inhibits the
interaction between the virus and host
receptors 7%,

Pleconaril is another example of antiviral
therapy inhibits viral capsid integration.
This drug integrates in viral capsid VP1
within a hydrophobic pocket leading to
prevent either viral capsid attachment to
host cells or inhibits viral uncoating [,

In summary we conclude that viral
infection that causing myocarditis may
lead to subsequent autoimmune disease.
Viral infections are one of the causes of the
myocarditis that lead to different
cardiomyopathy. It is necessary for all
patients to receive standard care and
treatment for heart failure as outlined in
the ACC/AHA/ESC, and Heart Failure
Society of America guidelines.

AJPS (2020)

25

(Review article)

References

1- Uwe, Kihl;  and  Heinz-Peter,
Schultheiss. Viral myocarditis. The
European  Journal of  Medical

Sciences. 2014. Swiss Med WkKly.
2014. 144: w14010

Mattingly, T. W. Changing concepts
of myocardial diseases. JAMA. 1965.

191: 33-37.
Fairweather, Delisa; Kaya, Ziya,;
Shellam, Geoffrey R.; Lawson,

Cassandra M.; and Rose, Noel R.
From Infection to Autoimmunity.
Journal of Autoimmunity. 2001. 16(3):
175-86.

Guyton, A.; and Hall, J.E. 2006.
Textbook of medical physiology (11th
ed., pp. 249-253). Philadelphia:
Elsevier Saunders.

Liu P.P.; and Schultheiss H-P. (2008).
Myocarditis. In Libby P., Bonow R.,
Mann D.L., et al. (Eds.), Braunwald’s
heart disease: A  textbook of
cardiovascular medicine (8th ed., pp.
1775-1792). Philadelphia: Saunders
Elsevier.

Magnani, J.W.; and Dec, G.W.
Myocarditis:  Current  trends in
diagnosis and treatment. Circulation.
2006. 113: 876-890.

Kuhl, U.; Pauschinger, M.; Noutsias,
M.; Seeberg, B.; Bock, T.; Lassner,
D.; Poller, W.; Kandolf, R.;
and Schultheiss, H. P. High prevalence
of viral genomes and multiple viral
infections in the myocardium of adults
with  “idiopathic” left ventricular
dysfunction. Circulation. 2005. 111:
887-93.

Carlos, Zaragoza; Christopher,
Ocampo; Marta, Saura; Michelle,
Leppo; Xiao-Qing, Wei; Richard,
Quick; Salvador, Moncada; Foo, Y.
Liew and Charles, J. Lowenstein. The
role of inducible nitric oxide synthase
in the host response to coxsackievirus
myocarditis. Proc Natl Acad Sci U S
A. 1998. 95(5): 2469-2474.

Aretz, H.T.; Billingham, M.E;
Edwards, W.D.; Factor, S. M.; Fallon,



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2020, Vol. 20, No.2

11-

12-

13-

14-

15-

J. T.;Fenoglio, J. J. Jr; Olsen, E.
G.;and Schoen, F. J. Myocarditis:a
histopathologic definition and
classification. Am J Cardiovasc
Pathol. 1987. 1. 3-14.

Baughman, K.L. Diagnosis of
myocarditis:  death  of  Dallas
criteria. Circulation. 2006. 113: 593-
595.

Laurent, Andréoletti; Lydie, Ventéo;

Fatima, Douche-Aourik; Frédéric,
Canas; Geoffroy, Lorinde la
Grandmaison; Jérome, Jacques;

Héléene, Moret; Nicolas, Jovenin; Jean-
Francois, Mosnier; Mathieu, Matta;

Sébastien, Duband; Michel, Pluot;
Bruno, Pozzetto; and Thomas,
Bourlet. Active Coxsackieviral B

infection is associated with disruption
of dystrophin in endomyocardial tissue
of patients who died suddenly of acute

myocardial infarction.) Am Coll
Cardiol 2007. 50: 2207-2214.
K, Klingel.; S, Stephan.; M,

Sauter.; R, Zell.; B, M. McManus.; B,
Bultmann.; and R Kandolf.
Pathogenesis of murine enterovirus
myocarditis: virus dissemination and
immune cell targets. J Virol. 1996.
70(12): 8888-8895.

Klingel, K.; Sauter, M.; Bock, C.T;
Szalay, G.; Schnorr, J. J.; and Kandolf,
R. Molecular pathology of
inflammatory cardiomyopathy. Med
Microbiol Immunol. 2004. 193(2-3):
101-117.

Kawai, C. From myocarditis to
cardiomyopathy:  mechanisms  of
inflammation and cell death. Learning
for the past for the future. Circulation.
1999. 99: 1091-1100.

Knowlton, K. U.; and Bardorff, C. The
immune system in viral myocarditis.
Maintaining the balance. Circ Res.
1999. 85: 559-561.

Matsumori, A. Molecular and immune
mechanisms in the pathogenesis of
cardiomyopathy: role of viruses,

AJPS (2020)

26

18-

19-

20-

22-

23-

(Review article)

cytokines and nitric oxide. Jpn Circ J.
1997. 61: 275-291.

Young, L. H. Y.; Joag, S. V.; Zheng,
L. M.; Lee, C. P.;Lee, Y. S.;;and
Young, J. D. Perforin-mediated
myocardial  damage in  acute
myocarditis. Lancet. 1990. 336: 1019-
1021.

Woodruff, J. F.; and Woodruff, J. J.
Involvement of T lymphocytes in the
pathogenesis of coxsackie virus B3

heart disease. J Immunol. 1974.
113:1726-1734.

Mason, J. W.; O'Connell, J. B;
Herskowitz, A, Rose, N.

R.; McManus, B. M.; Billingham, M.
E.; and Moon, T. E. A clinical trial of
immunosuppressive  therapy  for
myocarditis. N Engl J Med. 1995. 333:
269-275.

[20] McNamara, D. M.; Rosenblum,
W. D.; Janosko, K. M.; Trost, M.
K.; Villaneuva, F. S.; Demetris, A.
J.; Murali, S.;and Feldman, A. M.
Intravenous immune globulin in the
therapy of myocarditis and acute
cardiomyopathy. Circulation. 1997.
95: 2476-2478.

Carlos, Zaragoza; Christopher,
Ocampo; Marta, Saura; Michelle,
Leppo; Xiao-Qing, Wei; Richard,
Quick; Salvador, Moncada; Foo, Y.
Liew; and Charles, J. Lowenstein. The
role of inducible nitric oxide synthase
in the host response to coxsackievirus
myocarditis. Proc Natl Acad Sci U S
A. 1998. 95(5): 2469-2474.

Magnani, J. W.; and Dec, G. W.
Myocarditis:  current  trends in
diagnosis and treatment. Circulation.
2006. 113 (6): 876-890.

Caforio, A. L.; Pankuweit,
S.; Arbustini, E.; Basso, C.; Gimeno-
Blanes, J.; Felix, S. B.; Fu, M.; Helig,
T.; Heymans, S.;Jahns, R.; Klingel,
K.; Linhart, A.; Maisch, B.; McKenna,
W.; Mogensen, J.; Pinto, Y.
M.; Ristic, A.; Schultheiss, H.
P.; Seggewiss, H.; Tavazzi,
L.; Thiene, G.;Yilmaz, A.;Charron,


https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!
https://www.sciencedirect.com/science/article/pii/S0735109707029725#!

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2020, Vol. 20, No.2

24-

25-

26-

27-

28-

P.; and Elliott, P. M. Current state of
knowledge on aetiology, diagnosis,
management, and  therapy  of
myocarditis: A position statement of
the European Society of Cardiology
Working Group on Myocardial and
Pericardial Diseases. Eur Heart J.
2013. 34: 2636-48.

Dec, G. W. Jr.; Palacios, I. F.; Fallon,
J. T.; Aretz, H. T.; Mills, J.; Lee, D.
C.;and Johnson, R. A. Active
myocarditis in the spectrum of acute
dilated cardiomyopathies. Clinical
features, histologic correlates, and
clinical outcome. N Engl J Med. 1985.
312: 885-890.

Chimenti, C.; and Frustaci, A.
Contribution and risks of left
ventricular endomyocardial biopsy in
patients ~ with  cardiomyopathies:
retrospective study over a 28-year
period. Circulation. 2013. 128: 1531-
41,

Fairweather, D.; and Rose, N. R.
Coxsackievirus-induced — myocarditis
in mice: a model of autoimmune
disease for studying
immunotoxicity. Methods. 2007. 41:
118-122.

Fairweather, D.; Frisancho-Kiss, S.;
Gatewood, S.; Njoku, D. et al. Mast
cells and innate cytokines are
associated with  susceptibility to
autoimmune heart disease following
coxsackievirus B3 infection.
Autoimmunity. 2004. 37:131-145.
Friedrich, M. G.; Sechtem, U. Schulz-

Menger, J.; Holmvang, G.; Alakija,
P.; Cooper, L. T.; White, J. A.; Abdel-
Aty, H.; Gutberlet, M.; Prasad,
S.; Aletras, A.; Laissy, J. P. Paterson,
I.; Filipchuk, N. G.; Kumar,
A. Pauschinger, M. andLiu, P.

International Consensus Group on
Cardiovascular Magnetic Resonance
in Myocarditis. Cardiovascular
magnetic resonance in myocarditis: a
JACC white paper. J Am Coll Cardiol.
2009. 53(17): 1475-1487.

AJPS (2020)

27

29-

30-

31-

33-

(Review article)

B. Maisch; and P. Alter. Treatment
options in myocarditis and
inflammatory cardiomyopathy. Herz.
2018. 43:423-430.

ACC/AHA 2005 guideline update for
the diagnosis and management of
chronic heart failure in the adult: a
report of the American College of
Cardiology/American Heart
Association Task Force on Practice
Guidelines (Writing Committee to
Update the 2001 Guidelines for the
Evaluation and Management of Heart
Failure) [published correction appears
in J Am Coll Cardiol. 2006;
47(7):1503-1505]. J Am Coll Cardiol.
2005; 46(6): el1-e82.

Jason, C.; Schultz, M. D.; Anthony, A;
Leslie, T. Cooper, Jr.; and Charanjit,
S. Rihal. Diagnosis and Treatment of
Viral Myocarditis. Mayo Clin Proc.
2009. 84(11): 1001-1009.

Hunt, S. A.; Abraham, W. T.; Chin,
M. H.; Feldman, A. M.; Francis, G. S;
Ganiats, T. G.; Jessup, M.; Konstam,
M. A.; Mancini, D. M.; Michl, K;;
Oates, J. A.; Rahko, P. S.; Silver, M.
A.; Stevenson, L. W.; and Yancy, C.
W. ACC/AHA 2005 guideline update
for the diagnosis and management of
chronic heart failure in the adult: a
report of the American College of
Cardiology/American Heart
Association Task Force on Practice
Guidelines (Writing Committee to
Update the 2001 Guidelines for the
Evaluation and Management of Heart
Failure). Circulation. 2005. 112:
1825-1852.

Matsumori, A.; Crumpacker, C. S;
and Abelmann, W. H. Prevention of
viral myocarditis with recombinant
human leukocyte interferon alpha A/D
in a murine model. J Am Coll Cardiol.
1987. 9(6): 1320-1325.

Okada, I.; Matsumori, A.; Matoba, Y.;
Tominaga, M.; Yamada, T.; and
Kawai, C. Combination treatment with
ribavarin and interferon for coxsackie



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2020, Vol. 20, No.2

36-

37-

38-

39-

B3 replication. J Lab Clin Med. 1992.
120(4): 569-573.

Mason, J. W.; O’Connell, J. B
Herskowitz, A Rose, N.
R.; McManus, B. M.; Billingham, M.
E.;and Moon, T. E. Myocarditis
Treatment Trial Investigators. A
clinical trial of immunosuppressive
therapy for myocarditis. N Engl J
Med. 1995. 333(5): 269-275.

Horwitz, M.S.; Knudsen, M.; llic,
A.; Fine, C.; Sarvetnick, N.
Transforming  growth  factor-beta
inhibits coxsackievirus-mediated
autoimmune myocarditis. Viral
Immunology. 2006. 19(4): 722-33.

Raschperger, E,; Thyberg,

J.; Pettersson, S.; Philipson, L.; Fuxe,
J.; and Pettersson, R. F. The
coxsackie- and adenovirus receptor
(CAR) is an in vivo marker for
epithelial tight junctions, with a
potential role in regulating
permeability and tissue homeostasis.
Experimental Cell Researc. 2006.
312(9): 1566-80.

Pinkert, S.; Westermann, D.; Wang,
X.; Klingel, K.; Dorner, A.; Savvatis,
K.; Grossl, T.; Krohn, S.; Tschope,
C.; Zeichhardt, H.; Kotsch, K.
Weitmann, K.; Hoffmann, W.;
Schultheiss, H. P.; Spiller, O.
B.; Poller, W. and Fechner, H.
Prevention of cardiac dysfunction in
acute coxsackievirus B3
cardiomyopathy by inducible
expression of a soluble
coxsackievirus-adenovirus  receptor.
Circulation. 2009. 120(23): 2358-66.
Denise, Werk; Sandra, Pinkert; Albert,
Heim; Heinz Zeichhardt; Hans-Peter
Grunert; Wolfgang Poller; Volker A
Erdmann; Henry Fechner; and Jens
Kurek. Combination of soluble
coxsackievirus-adenovirus  receptor
and anticoxsackievirus siRNAs exerts
synergistic antiviral activity against
coxsackievirus B3. Antiviral
Research. 2009. 83(3): 298-306.

AJPS (2020)

28

40-

41-

44-

45-

46-

47-

48-

(Review article)

Yanagawa, B.; Spiller, O. B.; Proctor,
D. G.;Choy, J.;Luo, H.; Zhang, H.
M.; Suarez, A.; Yang, D.;
and McManus, B. M. Soluble

recombinant  coxsackievirus  and
adenovirus receptor abrogates
coxsackievirus b3-mediated

pancreatitis and myocarditis in mice.
Journal of Infectious Diseases. 2004.
189(8): 1431-9.

Schultz, J. C.; Hilliard, A. A.; Cooper,
L. T. Jr.; and Rihal, C. S. Diagnosis
and treatment of viral myocarditis.
Mayo Clinic Proceedings. 2009.
84(11): 1001-9.

Dennert, R.; Crijns, H. J.; and
Heymans, S. Acute viral myocarditis.
European Heart Journal. 2008. 29(17):
2073-82.

Rose, N. R. Myocarditis: infection
versus autoimmunity. Journal of
Clinical Immunology. 2009. 29(6):
730-7.

Stein, D.; Foster, E.;Huang, S.
B.; Weller, D.; and Summerton, J. A
specificity  comparison  of  four
antisense  types: morpholino, 2'-
Omethyl RNA, DNA, and
phosphorothioate DNA. Antisense and
Nucleic Acid Drug Development.
1997. 7(3): 151-7.

Cong, Z.; Wan, M.; Wu, X.; Wang,
L.; Hu, X.; Yang, F.; Bao, M.; Zhang,
X.; Chen, J.; Wang, L.;and Yu, Y. A
CpG oligodeoxynucleotide inducing
anti-coxsackie B3 virus activity in
human peripheral blood mononuclear
cells. FEMS Immunology and Medical
Microbiology. 2007. 51(1): 26-34.
Peracchi, A. Prospects for antiviral
ribozymes and  deoxyribozymes.
Reviews in Medical Virology. 2004.
14(1): 47-64.

Matsumori, A. Hepatitis C virus
infection and  cardiomyopathies.
Circulation Research. 2005. 96(2)
144-7.

Matsumori, A Shimada,
T.; Chapman, N. M.; Tracy, S. M,
and Mason, J. W. Myocarditis and



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2020, Vol. 20, No.2

49-

51-

52-

54-

56-

57-

heart failure associated with hepatitis
C virus infection. Journal of Cardiac
Failure. 2006. 12(4): 293-8.

Lecellier, C. H.; Dunoyer, P.; Arar,
K.; Lehmann-Che, J.; Eyquem,
S.; Himber, C. Saib. A.; and Voinnet,
O. A cellular microRNA mediates
antiviral defense in human cells.
Science. 2005. 308(5721): 557-60.
Hannon, G. J. RNA interference.
Nature. 2002. 418(6894): 244-51.
Tomari, Y., and Zamore, P.D.
Perspective: machines for RNAI.
Genes and Development. 2005. 19(5):
517-29.

Doench, J.G.; Petersen, C.P.; and
Sharp, P.A. siRNAs can function as
miRNAs. Genes and Development.
2003. 17(4): 438-42.

Parker, J. S.; Roe, S. M.; and Barford,
D. Structural insights into mRNA
recognition from a PIWI domain-
SiRNA guide complex. Nature. 2005.
434: (7033) 663-6.

Yuan, J.; Cheung, P. K.;Zhang, H.
M.; Chau, D.; and Yang, D. Inhibition
of coxsackievirus B3 replication by
small interfering RNAs requires
perfect sequence match in the central
region of the viral positive strand.
Journal of Virology. 2005. 79: (4)
2151-9.

Werk, D.; Schubert, S.;Lindig,
V.; Grunert, H. P.; Zeichhardt,
H.; Erdmann, V. A.;and Kurreck, J.
Developing an effective RNA
interference  strategy  against a
plusstrand RNA virus: silencing of
coxsackievirus B3 and its cognate
coxsackievirus-adenovirus  receptor.
Biological Chemistry. 2005. 386: (9)
857-63.

Cooper, L. T. Jr.; Berry, G. J.; and
Shabetai 1. Idiopathic giant cell
myocarditis — Natural history and
treatment. Multicenter giant cell

myocarditis study group investigators.
N Engl J Med. 1997. 336: 1860-6.
Cooper, L. T. Jr.; Hare, J.
Tazelaar, H. D.; Edwards,

M.;
W.

AJPS (2020)

29

58-

60-

61-

62-

63-

(Review article)

D.; Starling, R. C.;Deng, M.
C.; Menon, S.; Mullen, G. M.; Jaski,
B.; Bailey, K. R.; Cunningham, M.
W.;and Dec, G. W. Usefulness of
immunosuppression for giant cell
myocarditis. Am J Cardio. 2008. 102:
1535-9.

Sophie Van,
Hamdani; Kapka,

Linthout; Nazha,
Miteva; Annika,

Koschel; Irene, Mdller; Lena,
Pinzur Zami, Aberman; Kathleen,
Pappritz; Wolfgang, Albrecht
Linke; and Carsten

Tschope. Placenta-derived  adherent
stromal cells improve diabetes
mellitus-associated left ventricular
diastolic  performance. Stem  Cells

Transl Med. 2017. 6: 2135-2145.
Miteva, K.; Van Linthout, S.; Volk, H.
D. and Tschope, C. Immunomodulatory
effects of mesenchymal stromal cells
revisited in the context of inflammatory
cardio-myopathy. Stem Cells
Int. 2013. 2013 :353097.

Van Linthout, S.; Savvatis, K.
Miteva, K.; Peng, J.; Ringe,
J.; Warstat, K.; Schmidt-Lucke,
C.; Sittinger, M. Schultheiss, H. P.
and Tschope, C. Mesenchymal stem
cells improve murine acute
coxsackievirus B3-induced
myocarditis. Eur J. 2011. 32:
2168-2178.

Savvatis, K.; van Linthout, S.; Miteva,
K.; Pappritz, K.; Westermann,
D.; Schefold, J. C.; Fusch,
G.; Weithduser, A.; Rauch,
U.; Becher, P. M.; Klingel, K. Ringe;
J. Kurtz, A. Schultheiss, H. P.;and
Tschope, C. Mesenchymal stromal cells
but not cardiac fibroblasts exert beneficial
systemic immunomodulatory effects in
experimental myocarditis. PL0S
One. 2012. 7: e41047.

Vignali, D. A.; Collison, L. W.; and
Workman, C. J. How regulatory T
cells work. Nat Rev Immunol. 2008.
8: 523-532.

Marchant, D. J.; and McManus, B. M.
Regulating viral myocarditis:

Heart



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2020, Vol. 20, No.2

64-

65-

66-

67-

68-

69-

70-

allografted regulatory T cells decrease
immune infiltration and viral load.
Circulation. 2010. 121: 2609-2611.
Cao, Y.; Xu, W.; and Xiong, S.
Adoptive transfer of regulatory T cells
protects against coxsackievirus B3-
induced cardiac fibrosis. PLoS One.
2013. 8: e74955.

Shi, Y.; Fukuoka, M.; Li, G.; Liu,
Y.; Chen, M.; Konviser, M.; Chen,
X.; Opavsky, M. A.;and Liu, P. P.
Regulatory T cells protect mice
against coxsackievirus-induced
myocarditis through the transforming
growth factor beta-coxsackie-
adenovirus receptor pathway.
Circulation. 2010. 121: 2624-2634.

K. Pappritz; K. Savvatis; D.
Lindner; D. Westermann; M.F.
Melzig; H.P.  Schul-theiss; and C.
Tschoepe. Administration of

regulatory T cells ameliorates myo-
cardial inflammation in experimental
myocarditis. Eur Heart J. 2013. 34:
279.

Abou-El-Enein, M.; Volk, H. D.; and
Reinke, P. Clinical development of
cell therapies: setting the stage for
academic success. Clin Pharmacol
Ther. 2017. 101: 35-38.

Weller, A. H.; Hall, M.; and Huber,
S.A. Polyclonal immunoglobulin
therapy protects against cardiac
damage in experimental coxsackie-
virus-induced myocarditis. European
Heart Journal. 1992. 13(1) 115-9.
Gullestad, L.; Aass, H.; Fjeld, J.
G.; Wikeby, L.; Andreassen, A.
K.; Ihlen, H.; Simonsen, S.; Kjekshus,
J.; Nitter-Hauge, S.; Ueland, T.; Lien,
E.; Frgland, S. S.;and Aukrust, P.
Immunomodulating  therapy  with
intravenous immunoglobulin in
patients with chronic heart failure.
Circulation. 2001. 103(2) 220-5.

Ville, Kytd; Antti, Saraste; Jan, Fohlman;
Nils-G, Ilback; Heli, Harvala; and Tytti,
Vuorinen. Cardiomyocyte Apoptosis
after Antiviral WIN 54954 Treatment
in  Murine  Coxsackievirus B3

AJPS (2020)

30

71-

(Review article)

Myocarditis. Scandinavian Cardiova-
scular Journal. 2002. 36(3): 187-192.
Smith, T. J.; Kremer, M. J.; Luo,
M.; Vriend, G.; Arnold, E.; Kamer,
G.; Rossmann, M. G. McKinlay, M.
A. Diana, G. D.;and Otto, M. J. The
site of attachment in human rhinovirus
14 for antiviral agents that inhibit
uncoating. Science. 1



