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Viral infection of the heart is an important cause of 
serious clinical problems: infectious myocarditis (MC) 
in its various forms (fulminant, acute and chronic) and 
idiopathic dilated cardiomyopathy (iDCM) are crucial 
consequences of viral infection (Blauwet and Cooper, 
2010). From a classical point of view, the group of 
cardiomyotropic viruses included, first of all, human 
enteroviruses (HEV), with major agents of acute MC: 
coxsackieviruses A (CVA) and B (CVB). Group of 
other viruses thought to be responsible for infections 
of the heart was rather immutable for decades and 
consisted of rubella virus (RUBV), influenza viruses A 
and B (FluAV, FluBV), human adenoviruses (HAdV) 
and paramyxoviruses (mumps virus – MuV, and para
influenzaviruses – HPIV) (Dennert et al., 2008). Con
stant improvement in sensitivity of direct virological 
diagnostic methods, especially introduction of molecu
lar biology techniques, revealed presence of new viral 
agents in endomyocardial biopsy (EMB) samples, and 
thus significantly changed the picture of MC etiology. 
Nowadays, the most prevalent virus found in EMB 
samples is parvovirus B19 (B19V). “Classical” cardio
myotropic viruses remain on the list, but increasing role 
of herpesviruses: human herpesvirus 6 (HHV6), cyto
megalovirus (CMV), EpsteinBarr virus (EBV) and her
pes simplex viruses (HSV1 and HSV2) was also per
ceived (Kühl and Schultheiss, 2009; Basso et al., 2013).

According to the current model of acute cytopathic 
viral infection of myocardium, which is seen in entero
viral and adenoviral diseases, a virus reaches the heart 
with bloodstream from other, usually primary sites of 
an infection, in the form of a cellfree virion or within 
infected leukocytes, mainly lymphocytes or macro
phages (Kühl and Schultheiss, 2009). Cardiomyocytes 
are the most important target cells for these viruses. 
Infection within myocardium often results in acute 
inflammation, but may also lead to noninflammatory 
damage of cells, and as a consequence, to infection
related cardiomyopathy. Acute MC is dominated by 
Th1 and Th17 responses (Huber et al., 2002; Yuan 
et al., 2010), while activation of Th2 immune reactions 
is necessary for developing of chronic MC with fibro
sis and iDCM (Fairweather et al., 2004; Abston et al., 
2012). The main opposition between these two pro
cesses (Th1 immune response inhibits Th2 reaction and 
vice versa), is also complemented by important role 
of Th17 response, which – being a part of Th1related 
inflammatory response – is also believed to induce 
postinflammatory cardiac remodeling, characteris
tic for iDCM (Fairweather et al., 2004). Pathophysio
logical mechanism of enteroviral and adenoviral MC in 
humans is still not fully understood, but it is suspected, 
that this is a threephase process, as was observed in 
murine models (Kawai, 1999).
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A b s t r a c t

Viral infections of the heart cause serious clinical problems, either as infectious myocarditis, which usually is a consequence of acute infection 
or as idiopathic dilated cardiomyopathy, resulting rather from a chronic infection. This minireview presents an uptodate view on patho
mechanisms of viral infection of the heart tissues, the role of immune system in controlling infectious process at its various stages and current 
possibilities of recognizing viral infection of the heart with use of both cardiological and virological methods. Our goal was to present the 
variety of known viral agents causing heart infection, level of complexity in mutual viruscell interactions, and consequent clinical scenarios.
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Heart infection begins when virus invades the car
diomyocytes with the participation of a specific recep
tor. Coxsackievirus uses coxsackieadenovirus receptor 
(CAR), which is a junctional protein. The same struc
ture is used by HAdV (Kühl et al., 2003). In the absence 
of CAR expression on cardiomyocytes, the viral inva
sion of these cells is impossible (Shi et al., 2009). The 
decay accelerating factor (DAF, CD55) is a coreceptor 
for HEV internalization, and αvtype integrins are 
needed for adenovirus penetration (Bergelson et al., 
1997; Stewart and Nemerow, 2007). As long as this sta
dium is adequately treated, it may not cause significant 
damage. It can also result in a heart failure or death 
due to the direct cytopathic effect caused by an active 
replication (Herzum et al., 1994).

The first, acute stage of an infection, can end with 
elimination of the virus from the heart and renova
tion of damaged tissue. The innate immunity is the 
first line of defense against virus. This conservative 
system activates the inflammatory process by toll
like receptors (TLRs), especially TLR3 and TLR4, 
which are located in large quantities in the cells of 
cardiovascular system. TLR signaling is induced by 
a  variety of ligands which are associated with infec
tious pathogens (Yajima, 2011). It is interesting, that 
the disruption of TLR3 is irrelevant to the interferon 
beta (IFNβ) mRNA expression in the heart, while 
TLR3 deficiency suppresses the expression of classI 
interferon regulatory factors (IRF) in the dendritic cells 
(DCs) infected by CVB (Negishi et al., 2008). This sug
gests a  major role of TLR3 signaling in response to 
heart infection, however, its role has not been studied 
specifically in the cardiomyocytes (Yajima, 2011). The 
receptors mentioned above recognize foreign antigens, 
trigger the activation of nuclear transcription factors 
and lead to the production of inflammatory cytokines 
(Sagar et al., 2012). TLR effects are media ted by few 
intracellular pathways, especially myeloid differentia
tion factor88 (Myd88) (activated by all TLRs, except 
TLR3) and TIRdomaincontaining adapter induc
ing interferonβ/TIRcontaining adaptor mole cule 
(TRIF/TICAM) (stimulated by TLR3 and TLR4). 
Next step is upregulation of inflammatory cytoki 
nes, by interleukinassociated kinases (IRAK4), TNF 
receptorassociated factor (TRAF6), TGFβactivated 
kinase  1 (TAK1), nuclear factor kappalightchain
enhancer (NFκB), and mitogenactivated protein 
(MAP) kinases activation. The production of INFβ 
is also regulated by serine/threonine protein kinase 
(TBK) and interferon regulatory factor 3 (IRF3) (stim
ulated by TRIF/TICAM) (Lafyatis and Farina, 2012). 
The activation of nonTLR sensors like retinoid acid 
inducible gene I (RIGI), melanoma differentiation 
associated protein 5 (MDA5) and Laboratory of Gene
tics and Physiology 2 (LGP2) is another way to induce 

a immune response. RIGI like receptors (RLRs) recog
nize presence of cytoplasmic double stranded RNA and 
upkeeps the production of IFNβ. The innate immunity 
in cooperation with Myd88 adjust infl ammation, infil
tration and production of cytokines (IL1, IL2, IL6, 
IL10, TNFα, IFNγ and CXC motif chemokine 10 
(CXCL10) (Fuse et al., 2005; Yajima, 2011). They are 
thought to play a major role in defense against viral 
infection through the attraction and activation of 
immune cells. IL6 protects the myocardium in the 
early inflammatory stage, but persistent activation of 
IL6 promotes heart injury through disturbance of viral 
clearance and impaired rising of circulating TNFα 
(Tanaka et al., 2001). Endocrine, paracrine and auto
crine influence of cytokines on cardiomyocytes also 
plays big role in fighting the disease. CVB infection is 
associated with an activation of Janus kinase – signal 
transducer and activator of transcription (JAKSTAT) 
signaling pathway in the heart cells (Yasukawa et al., 
2003) and this activation is observed at very early stages 
of the immune response. IFNβ is very important for 
limiting viral presence in the heart. Limited expres
sion or absence of this cytokine causes the increase 
of mortality. The most important features of intra
cellular reaction to a  viral infection of the heart are 
depicted in Fig. 1. DCs, natural killer (NK) cells and 
macrophages migrate to the heart in response to the 
massive cytokine production induced by viral invasion, 
and minimalize virus propagation, mostly via direct 
cytotoxic effect (Yajima, 2011). First, acute phase of the 
viral invasion of cardiomyocytes, described above, takes 
only few days. It can be manifested by fever, weakness, 
rash, muscle pain and joint pain. It can also be accom
panied by symptoms of respiratory or gastrointesti 
nal viral infection.

The second stage of the infection is subacute and 
lasts weeks to months. It is characterized by more sub
limated immune reactions. Signals from the innate 
immunity system contribute also to the activation 
of specific T and B lymphocytes, responding to viral 
antigens. The highest point of antibodies production 
also occurs in this phase. Antibodies, which are pro
duced to destroy viruses, often react with the struc
tures of human heart and can cause damage of myo
cardium. The cytotoxic Tcells response is one of the 
most important mechanisms responsible for the lysis of 
virusinfected cells as well as for far reaching damage 
of myocardium. In addition, autoimmune reactions are 
also observed, when the cytotoxic lymphocytes attack 
healthy part of the myocardium because of the molecu
lar mimicry. It happens because of the virusinduced 
cytolysis, when specific cellular antigens from necrotic 
myocytes such as beta1adrenergic receptors, myosin or 
M2 muscarinic receptors are released (Pankuweit and 
Klingel, 2013). In a murine model, it was demonstrated 
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that additional, hostdepending genetic factors increase 
the risk of the autoimmune reactions. It is considered 
that direct viral injury, cytokine context and level of 
proinflammatory immune reaction together are respon
sible for determining the severity of MC and probability 
of drift from acute to subacute stage (Yajima, 2011). The 
activation of the acquired immunity results in chronic 
inflammatory response in myocardium and may lead to 
organ dysfunction due to fibrosis and remodeling of the 

heart muscle. It can also cause damage due to necrosis 
and switching on the autophagy of the cardiomyocytes. 
Recently, it was found that the ubiquitinproteasome 
system and lysosome pathways are one of the main fac
tors of the viral infectivity and its inhibition reduces 
CVB replication in murine (Luo et al., 2003). Fair
weather and Rose (2007) showed, that viral genome can 
be detected in heart tissue during chronic myocarditis. 
Mechanism of longterm coxsackievirus persistence 

Fig. 1. Major mechanisms activated during viral infection of heart tissue cells.
Directly after viral infection, but also during the entire process of viral replication, viral proteins undergo polyubiquitylation and degradation (1), 
which leads to trapping of viral components within autophagosomes (2), but also to processing of viral antigens in endoplasmatic reticulum and Golgi 
apparatus, which, in turn, results in presenting of viral antigens to immune cells in MHCI context (3). After fusion of autophagosome with endo
some, viral DNAs and RNAs are recognized by TLRs (4), from which TLRs 3, 4, 7, 8 and 9 are known to react to viral components. The signal from 
TLRs, activated by their ligands, is transduced further by Myd88 in case of TLRs 7, 8, 9 and cellular membranebound TLR4, or by TRIF (5) in case of 
TLR3, associated with endosomal TLR4. Signal from TLR9/Myd88 leads to activation of IKKα kinase (6), which phosphorylates IRF7 which results 
eventually in interferon alpha synthesis (7), while Myd88transduced signals from TLRs 7 and 8 activate NFκB pathway via IRAK/TRAFTAB/TAK 
route (8), where TAK1 kinase phosphorylates IKKα/β/γ complex, resulting in deactivation of IκB, an inhibitor which retains NFκB in cytoplasm (9). 
Released NFκB migrates to the nucleus, where it initiates expression of over 150 genes, including proinflammatory cytokines and proapoptotic genes 
(10). NFκB pathway is also activated by signal from TLR3/TRIF, while interferon beta is expressed in reaction to a signal coming from endosomal 
TLR4, transduced by TBK/IKKε kinases (11). Autocrine reaction to both typeI interferons and proinflammatory cytokines via JAKSTAT results in 
expression of numerous genes, initiating antiviral state within a cell (12), and this process is negatively controlled by SOCS proteins (13), synthetized 
in reaction to proinflammatory cytokines. Stimulated by viral components, also MAVSassociated RLRs (14) induce signal cascade involving TBK1 
and IKKα/β/γdepending pathways. Versatile inducer of antiviral response, PKR (15), initiates antiviral state of the cell (via MAPK), activates eIF2 

and apoptotic process (via caspase 8).
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in the presence of an intact immune system remains 
unclear (Yajima, 2011). Patient may present dyspnoea, 
chest pain, heart palpitations, decreased exercise tole
rance, increased sweating and fainting.

Myopathy phase is the next stage of an infection, 
where generally it is impossible to detect the virus in 
myocardium. In case of the persistent inflammatory 
response, the heart may develop iDCM due to the 
remodeling. Pathogenic role may be played by the anti
bodies against sarcolemma, myolemma, betareceptor, 
acetylcholine receptor, laminin and cardiac conduct
ing tissue. However, the participation of the anti
bodies against fibrils, stress proteins and intermediate 
filaments is not entirely clear (Maisch and Pankuweit, 
2013). Inflammation may also be followed by release 
of cytokines (e.g. transforming growth factor) and acti
vation of matrix metalloproteinases (e.g. urokinasetype 
plasminogen activator), which predispose to fibrosis 
through the mothers against decapentaplegic homolog 
(SMAD) signaling cascade and cardiac dilation (Sagar 
et al., 2012). Matrix metalloproteinases (MMPs) which 
can degrade the different components of the cardiac 
tissue are overexpressed during viral MC and may 
contribute to tissue remodeling (Li et al., 2009). Addi
tional mechanisms responsible for postinflammatory 
remodeling of the heart tissue include enhanced fibro
sis as the effect of osteopontin and matricellular pro
tein Cyr61 activity (Pankuweit and Klingel, 2013). At 
this step, we can observe systolic dysfunction of the 
left ventricule and walls hypokinesis, often correlating 
with ECG disorders, especially the STT changes. Right 
ventricular dysfunction is less widespread. Formation 
of thrombi within the heart cavities and pericardial 
effusion also can occur.

Furthermore, the presence of the virus, or its com
ponents, in cardiac muscle without concomitant local 
immune response at detectable level, as determined in 
standard histopathologic examination, can also elicit 
fibrosis, hypertrophy and degeneration of cardiomyo
cytes observed in iDCM (Kawai and Matsumori, 2013). 
Pathological changes in heart muscle can provoke chest 
pain, tachycardia, irregular heart beating, dyspnea at 
rest and with effort, fatigue, swelling lower limbs, faint
ing and hyperhidrosis.

Recently, it has been observed that B19V plays 
increasing role in the induction of MC in Europe 
and in the US. Acute infection of B19V is typical for 
childhood, usually manifests as fifth disease and it 
is infrequently diagnosed in adults (Bultmann et al., 
2003). Erythroid progenitor cells are the main site of 
B19V replication, however other cell types can be also 
susceptible for infection. High prevalence of B19V in 
the hearts of patients with MC has been reported in 
repeated observations, which strongly suggests con
nection of presence of the virus with the induction 

of inflammation. This process is most probably asso
ciated with the impact of B19V on the endothelium 
(Bock et al., 2010). B19V, as an erythrovirus, utilizes 
Preceptor and coreceptors (integrins, KU80) on the 
endothelial cells. After the connection with the recep
tor, virus may enter the cells and pass to the state of 
persistent infection in the endothelium of various 
organs, including heart, and in consequence, B19V 
can be found in cells of venules, small arteries or arte
rioles of children and adults (Bultmann et al., 2003). 
Our knowledge about the pathogenetic mechanisms 
of MC induction by B19V is limited due to the lack of 
appropriate animal model. Despite this problem, few 
years ago the first results utilizing murine model for the 
investigation of B19V recombinant antigen impact on 
myocardium were published (Pankuweit and Klingel, 
2013), revealing that mice treated with a recombinant 
VP1 protein of the B19V developed myocardial injury. 
Damage was accompanied by the increasing level of 
aspartate aminotransferase (AST), lactate dehydroge
nase (LDH) and creatine kinase isoenzyme (CKMB) 
in serum (Nie et al., 2010). The second study showed, 
that mice which received antibodies against B19V VP1 
unique region, developed cardiac injury due to inflam
mation process (Tzang et al., 2011). Treatment by IFNα 
or IFNβ almost does not affect to the presence of the 
B19V in the cells, however cell analyses of infected 
immortalized human microvascular endothelial cells 
(HMEC1) proved, that external administration of 
IFNβ can obstruct B19V reactivation and improves 
endothelial cells viability (SchmidtLucke et al., 2010). 

Summarizing, both viral infection and subsequent 
reaction of the immune system causes destruction of 
the heart tissues (Fig. 2). The damage may be a result 
of direct viral cytopathic effect, inflammation, necrosis 
and autophagy. We can divide cardiomyotropic viruses 
into two main groups. First group comprises viruses for 
which cardiomyocytes are the most important kind of 
targeted cells (enteroviruses and adenoviruses). Viruses 
from this group demonstrate strong cytopathic effect. 
Enteroviruses usually exhibit low risk of persistence, 
but in some cases their RNA remains detectable in 
myocardial cells long time after the acute infection. 
Adenoviruses are very poorly investigated in terms of 
the pathogenesis of heart infections. Moreover, this pic
ture is also complicated by their longterm presence 
in lymphoadenoidal tissue, and potential role of this 
reservoir as a constant source of lowlevel adenoviral 
viremia. The viruses from second group, betaherpesvi
ruses, including CMV and HHV6, infect endothelium 
and cardiomyocytes, while DNA or antigens of B19V 
is found, first of all, in endothelial cells. There is a very 
limited number of data indicating the presence of the 
B19V DNA in cardiomyocytes of adults and foetuses 
(O’Malley et al., 2003). Thus, this problem is still open 
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to debate, including the question about the ability of 
B19V to replicate actively in adult cardiomyocyte.

In terms of virological diagnostics, accurate identi
fication of etiologic agent of viral MC or iDCM is one 
of the most difficult tasks set, and efforts to establish 
effective diagnostic procedures have been making since 
late forties of past century (Woodruff, 1980). Virolo
gical laboratory diagnosis, including direct methods, 
specifically virus isolation in cell lines and electron 
microscopy, considered substantially as more reliable 
than serological examinations. Despite the unambigu
ous answer provided in case of isolation of the virus 
from EMB sample, the low recovery rate of the virus 
was the main limitation of isolation method. It results 
in some percentage of falsenegative outcomes, very 
hard to assess without the reference method. Low 
amount of material obtained during biopsy, sampling 
inadequacies and technical problems with isolation of 
the virus from tissues resulted in a weak usefulness 
of this method, especially in the late course of heart 
infection (Martino et al., 1994).

The biopsies were initially evaluated only histologi
cally according to the Dallas criteria (Aretz, 1987). The 
presence of an inflammatory infiltrate with or without 
necrosis on conventionally stained hearttissue sec
tions evaluated under light microscopy is required for 
the histological diagnosis of myocarditis. These cri
teria are limited by variability in interpretation (39% 
among pathologists examining the same cardiac tissue 
samples), lack of prognostic value, and low sensitivity 
(the Dallas criteria were absent in 50% of the specimens 
containing PCRproven viral pathogens), in part due to 
sampling error (Martin et al., 1994; Mason et al., 1995; 
Baughman, 2006). For this reason, the solitary use of 
the Dallas criteria to diagnose myocarditis is poor. To 
address the shortcomings, in 1999, the WHF and ISFC 
updated the conventional histological criteria for diag
nosis of myocarditis by the introduction of immuno
histochemical methods (staining surface antigen, such 
as antiCD3, antiCD4, antiCD68 and antihuman 
leukocyte antigens). Criteria for immunohistological 
diagnosis of myocarditis are specified quantitatively as 

Fig. 2. Potential effects of viral infection of the heart.
Infection of cardiomyocytes, caused by enteroviruses, may result in direct cytopathic effect, resulting in cell damage or death. Prompt activation of 
intracellular antiviral mechanisms and both innate and acquired immune mechanisms should result in strong local immune response and elimina
tion of both viral particles and infected cells (acute myocarditis). Rarely observed fulminant myocarditis is caused usually by disturbances in control 
mechanisms of inflammation. Errors in antiviral response, e.g. ineffective or delayed innate immune response, weak cytotoxic Tcell response or insuf
ficient antibody production allows the virus to multiply and spread within the heart. Prolonged presence of the virus in cardial tissues may result 
in constant, but still ineffective infiltration of immune cells, and may lead to chronic inflammation. Further, this dynamic process, accompanied by 
constant loss of damaged contractile tissue in appearance of fibrosis, may result in dilated cardiomyopathy, and often ends in progressive heart failure, 
despite introduced treatment. Damage resulting from infection of interstitial tissue, caused first of all by parvoviruses and herpesviruses may result 
in heart dilatation and left ventricle dysfunction. These viruses are also known to infect the endothelium of local blood vessels, which may result in 

worsening of clinical picture because of microvascular dysfunction.
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14 infiltrating leukocytes/mm2, preferably Tlympho
cytes (e.g. CD3) or activated Tcells (CD45ro) (Maisch 
et al., 1999). Criteria that are based on immuno pero
xidase staining, have greater sensitivity and may have 
a prognostic value. However, many observations con
firm, that routine histological and immunohistological 
analysis is too insensitive to detect myocardial inflam
mation accurately in acute phase of disease, as well as 
in chronic phase. Finally, even if conventional histologi
cal and immunohistological analysis allow to diagnose 
inflammation in heart, they do not allow to identify 
virus and in consequence to use of targeted treatment.

Problems with detection of the viral pathogen in 
cases of suspected MC or iDCM with use of virus iso
lation techniques led to searches for alternative diag
nostic methods. Before the popularization of mole
cular biology and methods of direct detection of viral 
antigens in situ, diagnosis was often established on 
the basis of detection of specific antibodies directed 
against cardiotropic viruses in patients’ sera. Serological 
investigations utilized paired sera examination, detec
tion of IgMclass antibodies or clinical seroepidemio
logical studies (Leslie et al., 1989). Utility of serologi
cal methods was disputed from the very beginning of 
their application. In 2011 Mahfoud et al. published their 
observations conducted on the group of 124 patients 
with symptoms of acute MC. The authors compared 
results of identification of viral etiologic agent of MC 
performed with serological (examination of paired 
sera with fourfold or more antibodies titers increase) 
and direct methods (detection of viral nucleic acids 
in EMBs with realtime PCR). It was shown, that 
the concordance of the results between both methods 
was 4%, whereas the positive predictive value of sero
logical methods was 9%.

Another diagnostic approach included the isola
tion of the virus from sites other than EMB (upper 
respiratory tract, urine or feces) during acute phase of 
infection in patients with clinical and histopathological 
changes indicating viral MC (Woodruff, 1980). Diag
nostic value of these results in adult patients was not 
verified with evidencebased medicine standards. How
ever, the wide distribution of viruses with cardiotropic 
potential in population, along with frequent asympto
matic infections of upper respiratory and gastrointesti
nal tract, as well as probability of mixed infection with 
two or more viruses, indicates possibility of isolation of 
the “bystander” virus instead of pathogen responsible 
for MC or iDCM.

Contemporary diagnosis leading to identifica
tion of etiological agent of viral MC/iDCM relies on 
direct methods, first of all on detection of viral nucleic 
acids or antigens in EMB samples, rarely on electron 
microscopy (Kühl and Schultheiss, 2009). According 

to the current recommendations, EMB and peripheral 
blood samples should be investigated, and PCR, real
time PCR (qPCR) and in situ hybridization (ISH) are 
the methods acknowledged nowadays (Cooper et al., 
2007; Basso et al., 2013). In extended investigations 
conducted during last years, genetic material of viruses 
was detected in 19–94% of examined EMB samples. 
The results revealed rather coherent group of identi
fied viruses. On the other hand the significant differ
ences in detection frequencies of particular viruses were 
also observed. In the investigations which embraced 
wide spectrum of viruses sought after, B19V was the 
most frequent (found in 2.5–60% of examined EBM 
samples), followed by HEV (1–33%), HHV6 (8–30%), 
HAdV (2–23%), CMV (1–5%) and EBV (0.5–5%) with 
slight differences between results obtained in patients 
with MC and iDCM (Bowles et al., 2003; Pankuweit 
et al., 2003; Mahrholdt et al., 2004; Kühl et al., 2005; 
Caforio et al., 2007; Bock et al., 2010).

Our growing knowledge about the complex mecha
nisms triggered during viral infections of the heart, 
their impact on both short and longtime conse
quences affecting patient, along with important change 
in our consciousness of the most prevalent viral agents 
responsible for acute and chronic heart damage are one 
of the most important issues in contemporary cardio
logy. With revealed futility of serological methods and 
poor predictive value of classical histopathologic crite
ria, there is growing need for more precise and reliable 
diagnostic techniques, allowing rapid and unambi guous 
diagnosis in cases of suspected virusrelated heart dam
age. This gap has been at least partially filled with the 
advent of modern direct diagnostic methods, based on 
molecular biology techniques, but still there is more 
questions than answers. The most urgent issues include 
introduction of EMB sampling standardization, assess
ment of the clinical impact of heart tissue viral load 
during both acute and chronic infection, and identifica
tion of macroscale changes in heart tissue, correspond
ing at the desired level with virusdriven infectious pro
cess. There is also growing number of data, suggesting 
that deficiency in early antiviral innate intracellular 
immunity may be an important factor responsible for 
increased risk of development of the chronic heart 
diseases resulting from viral infections, what indicates 
new direction in the search for diagnostic methods. In 
conclusion, depiction of basic processes accompanying 
viral infection of the heart, both at macro and micro
scale should help in the elaboration and introduction 
of more efficient diagnostic protocols.
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