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Abstract: (198 words) 

Background: We assessed Enterovirus (EV) &Parvovirus B19 (PVB19) genomes and CD3, 

CD68&HLA-DR detection in dilated cardiomyopathies (DCM). 

Methods:  EV&PVB19 genomes and CD3, CD68&HLA-DR were detected by PCR and 

immunohistochemistry assays in 115 endomyocardial biopsies obtained in 13 idiopathic DCM 

(iDCM) and 10 explained DCM (eDCM) patients. Results were compared with those of 47 

atrial surgical samples (47 surgery controls) and 22 autoptic cardiac samples (11 healthy heart 

controls) (2008-2014, Reims, France).  

Results: EV was detected in 23.1% of iDCM patients but not in eDCM and controls 

(P=0.003) (viral load 803 copies/µg). PVB19 was detected in 76.9%, 80.0%, 63.6% and 

78.2% of iDCM, eDCM, healthy heart and surgery controls (P=0.99) with a mean viral load 

of 413, 346, 1428 and 71 copies/µg. CD3, CD68 or HLA-DR were detected in 100 and 50% 

of EV and PVB19 “mono-infected” iDCM patients.  

Conclusion: EV was exclusively detected in iDCM cases in association with CD3, CD68 or 

HLA-DR indicating that EV could be an etiological cause in a subset of iDCM cases. By 

contrast the equal frequent detection of PVB19 in iDCM cases and controls without 

association with CD3, CD68 or HLA-DR suggested that PVB19 could be a bystander in many 

DCM cases. 

Keywords: Dilated cardiomyopathy; Enterovirus; Parvovirus B19; Inflammatory markers 
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Introduction: 

Dilated cardiomyopathy (DCM) is a common form of heart muscle disease 

characterized by ventricular chamber enlargement and systolic dysfunction with normal left 

ventricle wall thickness. Prevalence is estimated to 1:2500 and it is the most frequent cause of 

heart transplantation in developed countries [Maron et al., 2006]. DCM is acquired in 65 to 

80% of cases and can occur in a wide range of systemic diseases [Maron et al., 2006]. 

Interestingly, epidemiological studies have evidenced that DCM was related to the evolution 

of myocarditis in 10% of cases [Felker et al., 2000]. 

In developed countries, common viruses are recognized as an important cause of 

myocarditis and subsequently of DCM cases [Feldman and Mc Namara, 2000; Kühl et al., 

2005]. The three main common viruses detected in DCM heart samples were human 

parvovirus B19  (Family Parvoviridae, genus Erythrovirus species Parvovirus B19 

subsequently noticed as PVB19), Human Herpes virus 6 (Family Herpes viridae, genus 

Roseolovirus species Human Herpes virus 6 subsequently noticed as HHV6) and human 

enteroviruses (Family Picornaviridae, genus Enterovirus subsequently noticed as EV) in 51, 

21 and 9% of cases, respectively in a large German study using polymerase chain reaction 

(PCR) [Kühl et al., 2005]. Several studies evidenced EV detection in idiopathic DCM samples 

in up to 35% and 75% of heart samples by viral genome and viral proteins detections, 

respectively [Lévêque et al., 2012; Li et al., 2000].  Previous experimental data reported that 

the path from enteroviral myocarditis to DCM was presumed to be due in humans to 

persistent infection with 5’Nucleotid terminal deleted EV, leading to low expression of viral 

protease 2A,  the cleavage of dystrophin and the development of DCM [Kim et al., 2005; 

Hunziker et al., 2007; Badorff  et al., 1999; Xiong et al., 2007]. On the opposite, the path from 

PVB19 myocarditis to DCM was presumed to be due to an ischemic mechanism and 

endothelial dysfunction [Tschöpe et al. 2005]. Concerning HHV6, its implication in fulminant 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Maron%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=16567565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maron%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=16567565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Felker%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=10760308
http://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A9v%C3%AAque%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22837323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10645916
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=15890942
http://www.ncbi.nlm.nih.gov/pubmed/?term=Badorff%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10086389
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17190866
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myocarditis was clearly evidenced in immune-competent patients [Ashrafpoor et al., 2013; 

Lévêque et al., 2011; Chang YL et al., 2009], but the impact of HHV6 in the development of 

DCM remained difficult to interpret because frequent HHV6 genome detection could be 

linked to its lifelong latency with subclinical reactivations that sometimes could play a role in 

heart failure as suggested by recent data [Kühl et al., 2015]. In all cases, common viruses like 

EV, PVB19 and HHV6 could generate myocardial inflammation, whose detection between 10 

and 60% of DCM has validated the concept of inflammatory cardiomyopathy, defined by the 

association of histopathological or immunohistological evidence for myocarditis and cardiac 

dysfunction [Caforio et al., 2013; Noutsias  et al, 1999; Agüero et al., 2008; Kindermann et 

al., 2008; Kühl et al., 2003; Bock et al., 2010]. 

In the present time even with the help of quantitative viral genomes detection, the 

frequent detection of viral genome in idiopathic DCM and also in DCM of other etiological 

origins raised the question whether common viruses could be causative agents or cofactors in 

the development of DCM cases or innocent bystanders [Bock et al., 2010; Nguyen et al, 2012; 

Andréoletti et al, 2000]. This question remained definitively unsolved because the current 

American Heart Association (AHA) and European Society of Cardiology (ESC) indications 

for endomyocardial biopsies (EMB), which are the sole heart samples available in DCM 

patients before heart graft, have drastically limited the performance of large scale 

epidemiological studies including both idiopathic DCM patients and patients suffering from 

etiologically documented DCM cases (explained DCM cases) [Cooper et al., 2007]. 

Moreover, the absence of negative controls in previous studies did not allow evaluating the 

impact of common human viruses onto the development of DCM [Kühl et al., 2005; 

Kindermann et al., 2008]. 

In the present report, we investigated the role of common human viruses like EV and 

PVB19 onto the development of DCM by assessing a potential association between viral 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ashrafpoor%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24297820
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leveque%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21918017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=19144379
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%BChl%20U%5BAuthor%5D&cauthor=true&cauthor_uid=25388833
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caforio%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=23824828
http://www.ncbi.nlm.nih.gov.gate1.inist.fr/pubmed/?term=Noutsias%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10217652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ag%C3%BCero%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19010177
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kindermann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18645053
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%BChl%20U%5BAuthor%5D&cauthor=true&cauthor_uid=12771005
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kindermann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18645053
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genomes detection, inflammatory markers detection at the time of clinical diagnosis of DCM 

using standardized Real-Time PCR and immuno-histological analyses in prospectively 

collected heart samples: (i) EMBs from idiopathic DCM patients to evaluate the role of 

viruses as causative agent of DCM; (ii) EMBs from patients with etiologically documented 

DCM to evaluate the role of viruses as cofactor in development of DCM; (iii) control samples 

including autoptic heart samples taken from healthy hearts controls and right atrium tissues 

sampled in patients during extracorporeal circulation (diseased heart without DCM) that were 

used to evaluate bystander viral detection rates. 
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Methods: 

Patients:  

Between 2008 and 2014, Endomyocardial biopsies (EMB) were performed in Reims 

University Hospital (France) according to AHA and ESC guidelines in 23 patients suffering 

from DCM (sex ratio M/F=2.28, mean age 47.4 ±12.9 years) with a 2 year mean follow up  

[Cooper et al., 2007]. For each of these patients, serum was prospectively collected and 3 

right-sided heart fragments were sampled, formalin-fixed and paraffin-embedded (FFPE) 

whereas 2 right-sided fragments were immediately flash-frozen in liquid nitrogen and pooled 

for virological analyses [Cooper et al., 2007]. Patients were then classified as suffering from 

idiopathic DCM (n=13, sex ratio M/F=2.25, mean age 47.5±11 years) (iDCM) or as suffering 

from explained DCM (n=10, sex ratio M/F=2.33, mean age 47.3±15.9 years) (eDCM) by 2 

external reviewers (YNG and FL) taking into account all previous medical history, biological 

investigations, clinical evolution and further virological and immunohistological analyses (see 

below). Briefly, DCM was considered as idiopathic (iDCM) in the absence of coronary artery 

or cardiac rhythm diseases, onset during/immediately after pregnancy, excessive alcohol 

anthracycline or cardiotoxic exposure, systemic diseases or a positive familial history 

suggesting familial DCM [Maron et al., 2006]. In any of these cases, DCM was considered as 

etiologically documented or explained (eDCM). The Hospital Ethics Committee approved the 

study, and informed consent was obtained from each of the DCM patients (see below). Our 

investigations conformed to the ethical guidelines of the 1975 Declaration of Helsinki. 

DNA and RNA extraction: DNA and RNA were extracted from frozen samples 

dedicated to virological analyses using NucliSens EasyMag (Biomerieux®) according to 

manufacturer‘s instructions [Nguyen et al, 2012]. 

Viral genome detection: Enteroviruses (EV) and all Human Herpes virus (HHV) were 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Maron%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=16567565
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detected by PCR assays coupled to microarray hybridization analyses (Clart Entherpex V8.0; 

Genomica, Madrid, Spain) [Leveque et al, 2011]. Briefly, as described by the manufacturer 

this PCR assay system coupled to microarray hybridization analyses was capable to detect 

human EV (EV A-D) in biopsies via amplification of a fragment located between 106- 328 bp 

(not shown), which is a highly conserved region in all EV types and located further away 

from all previously known 5’terminally deleted persistent viral forms previously described in 

murine or human cardiac tissues [Kim et al., 2005; Chapmann et al., 2008]. The sensitivity 

and the reproducibility of the RT-PCR assay coupled to microarray hybridization analyses 

were determined using serial 10-fold dilutions of the Coxsackie Virus B3 Nancy strain RNA 

transcripts produced using wild-type and 5’ Terminally Deleted 50 nucleotides (TD-50) 

Coxsackie Virus B3 clones kindly provided by N. M. Chapman (University of Nebraska 

Medical Center, Omaha, NE) [Kim et al., 2005]. The two serial dilutions of wild type and TD-

50 RNA transcripts were ranging from 106 to 10 copies diluted in RNA extracts of EV-

negative human cardiac tissues. The threshold of viral RNA detection was found to be 10 

copies per well for both wild type (full length) and TD CVB3 RNA transcripts (not shown). 

Human parvovirus B19 (PVB19) were detected using specific real–time PCR assays (Argene 

Biomérieux®, Varhiles, France) according to manufacturer‘s instruction. Viral loads of EV 

positive samples using PCR assays coupled to microarray hybridization analyses were 

quantified using specific real–time PCR assays (Argene Biomérieux®, Varhiles, France). EV 

quantitative detection threshold of real–time PCR assays was estimated to 50 copies/µg in our 

study setting (not shown). All analyses were performed in duplicate. 

Histopathological analyses and inflammatory markers detection: The presence of 

myocarditis was sought out in each FFPE sample after Hematoxylin and Eosin staining (HE 

staining), according to Dallas Criteria [Aretz et al., 1987]. CD3 (rabbit polyclonal, 1/200, 

Dako), CD68 (mouse monoclonal, clone KP1, 1/400, Dako) and HLA DR (mouse 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Leveque%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21918017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=15890942
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=15890942
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aretz%20HT%5BAuthor%5D&cauthor=true&cauthor_uid=3455232
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monoclonal, clone TAL.1B5, 1/40, Dako) immuno-staining were performed on 4µm thick 

FFPE sections of each sample using  BenchMark XT automated slide stainer for all antibodies 

(Ventana Medical System). After deparaffinization, the FFPE sections were incubated with 

the Cell Conditioner 1 (EDTA, pH 8,4) for 64 min, followed by preprimary peroxidase 

inhibition and incubation with primary antibodies at 37° for 32 min.  The staining reaction 

was performed using the ultraView Universal DAB v3 Kit (Ventana Medical System). 

Because CD3 CD68 and HLA DR immunostaining interpretation criteria were not 

consensually established and could differ between myocarditis and inflammatory 

cardiomyopathies [Caforio et al., 2013;  Kindermann et al., 2008; Richardson  et al., 1996; 

Kuhn et al., 1996] EMBs were considered in the present report to be positive for 

inflammatory markers detection after detection of any leukocyte using CD3 or CD68 

immunohistochemical assays or after detection of an enhanced expression of HLA class II 

molecules.  

Controls:  

To assess the impact of common viruses on the physiopathological development or evolution 

of DCM, we performed virological and immuno-histological analyses on additional heart 

samples of patients without DCM (Figure 1).  

All virological and histological results of DCM patients group were compared to those 

obtained from two large cardiac samples (one left and one right) taken from 11 healthy heart 

controls (sex ratio M/F=4.5, mean age 36.4+/-11.1 years) who died from intoxication or 

traumatic accident and who were autopsied at Reims University Hospital. Virological and 

histopathological analyses were performed in heart samples as described for DCM patients 

(see above). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Caforio%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=23824828
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kindermann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18645053
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richardson%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8598070
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuhn%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8941137
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EV, HHV and PVB19 genomic detection results of DCM patients group were compared to 

those obtained from a single right atrium tissue taken from patients during extracorporeal 

circulation (surgery controls). Patient authorized consent was not required because this tissue 

is considered as a surgery waste. Forty seven right atrium tissues taken from 47 patients (sex 

ratio M/F=4.22, mean age 68.2±10.2 years) were screened for the presence of EV, HHV and 

PVB19 genomes using PCR assays coupled to microarray hybridization analyses (Clart 

Entherpex V8.0; Genomica, Madrid, Spain) and specific real–time PCR assays (Argene 

Biomérieux® Varhiles, France) as previously described for DCM patients (see above). 

Surgery controls were classified as heart valve surgery controls or aorto-coronary bypass 

surgery controls (Figure 1). Patients experiencing combined surgery with both aorto-coronary 

bypass and valve replacement were classified as aorto-coronary bypass surgery controls. 

Statistics:  

Qualitative variables definite as percentage were compared using Fischer exact test or 

Pearson’s Chi-square test, as appropriate. Quantitative variables were compared using Mann 

Whitney U test. A p value <0.05 was considered as significant. Statistical analyses were 

performed using Stat view 5.0 software (SAS institute). 
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Results:  

Viral genome detection:  

As shown in Table I, EV, PVB19, HHV6, HHV4, HHV7 or HHV1 genomes were identified 

in 84.6% (11/13), 80% (8/10), 100% (11/11) and 85.1% (40/47) of iDCM, eDCM, healthy 

heart and surgery control groups, respectively. Viral genome detection was negative in all 

serum samples of DCM patients excluding blood contamination (viraemia) of EMBs at the 

time of EMB sampling (not shown). 

EV genome was detected in 23.1% (3/13) of iDCM patients but not in eDCM, healthy 

heart and surgery controls (P=0.003) (Figure 2A). EV viral load was 803 copies/µg for the 

sole patient with quantifiable EV viral load using real–time PCR assays. The two latter iDCM 

patients were only positive for EV using PCR assays coupled to microarray hybridization 

analyses and could not be properly quantified by real–time PCR assays. Estimated EV viral 

loads for these two patients were between 10 and 50 copies/µg according to Clart Entherpex® 

and Argene Biomérieux® assays’detection thresholds.  

PVB19 genome was detected in 76.9% (10/13), 80% (8/10), 63.6% (7/11) and 78.2% 

(37/47) of iDCM, eDCM, healthy heart and surgery control groups (P=0.99 for all performed 

inter-group comparisons) (Figure 2A). Mean PVB19 viral loads were: 413, 346, 1428 and 71 

copies/µg in iDCM, eDCM healthy heart and surgery control groups (Figure 2B). All 

performed inter-group comparisons resulted in non-significant results except for PVB19 viral 

load in eDCM patients versus PVB19 viral load in all controls groups (P=0.0048, according 

to Mann Whitney U test). Interestingly, PVB19 genome detection rate or viral loads were not 

statistically different between heart valve surgery controls and aorto-coronary bypass surgery 

controls (P=0.99 and 0.94 respectively). Moreover, PVB19 detection rates were not 

significantly different between different subgroups of DCM patients or controls (data not 
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shown) when statistical analysis was limited to samples with PVB19 viral load> 500 

copies/µg, that was the viral load threshold described as clinically relevant for PVB19 

induced endomyocardial inflammation [Bock et al., 2010]. 

HHV DNA was detected in 30.7% (4/13), 20.0% (2/10), 63.6% (7/11) and 38.2% 

(18/47) of iDCM, eDCM, healthy heart and surgery controls, respectively. 

Histopathological analysis and inflammatory markers detection:  

The results of histopathological analyses and inflammatory markers detection assays in DCM 

patients group and controls (Figure 1) are depicted in Table I. HE staining evidenced absence 

of myocarditis in all patients groups with available histopathological analyses (iDCM, eDCM, 

healthy heart controls) except for one patient in the eDCM patients group. A chronic active 

myocarditis (i.e myocarditis with myocyte necrosis and fibrosis) was evidenced in the EMB 

of this patient who was suffering from genetic DCM and both PVB19 and HHV6 and HHV4 

were detected in this sample. PVB19 viral load was estimated to be below 500 copies/µg in 

the endomyocardial tissue of this patient.  

Inflammatory markers detection using CD3, CD68 or HLA-DR immunostaining 

(Figure 3) were positive in 53.8% (7/13), 60.0% (6/10) and 18.2% (2/11) of iDCM, eDCM 

and healthy heart control groups respectively (Table I).  Cardiac Inflammatory markers were 

detected in 100% (1/1) of EV positive iDCM patients, 100% (2/2) of co-infected EV and 

PVB19 iDCM patients and only in 50% (4/8) of PVB19 “mono-infected” iDCM patients 

(Table II) (P=0.19, according to Fischer exact test, when the detection rate of inflammatory 

markers was compared between EV positive and negative patients, 100% (3/3) versus 40% 

(4/10) respectively). Among these 4 PVB19 positive iDCM patient samples with positive 

inflammatory markers detection, only one had a viral load higher than 500copies/µg. No 
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patient had cardiac inflammatory detection without viral genome detection in iDCM (Table 

II) and eDCM patient groups (not shown). 

One patient in the eDCM patients group exhibited a CD68 immunohistochemical 

detection sufficiently intense (>14 cells/mm2) to be interpreted as “inflamed” according to 

myocarditis and inflammatory cardiomyopathy immunohistochemical criteria [Kindermann et 

al., 2008]. According to these criteria, no CD3 detection was sufficiently intense to be 

significant and only 10 out of the 23 DCM patients group fulfilled the criteria of 

Inflammatory Cardiomyopathy (1 patient with double CD68 and HLA DR detection and 9 

patients with HLA DR detection).   

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kindermann%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18645053
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Discussion: 

In the present report, we investigated the role of Enterovirus (EV) and Parvovirus B19 

(PVB19) as causative agents, cofactors or bystanders in the development of DCM cases. To 

this end a serial of unexplained/idiopathic DCM cases (iDCM) were prospectively included at 

the time of the initial clinical diagnosis that required EMBs according to AHA and ESC 

guidelines [Cooper et al., 2007].  All the clinical and virological data obtained from these 

iDCM patients were prospectively compared with those obtained from clinically well-selected 

DCM or control group patients including etiologically documented DCM cases to assess the 

role of viruses as cofactor in development of explained DCM (eDCM), and two control 

groups of patients including healthy heart controls and right atrium tissues sampled in patients 

during extracorporeal circulation (diseased hearts without DCM; surgery control group) to 

assess bystander viral detection rates. 

Viral genome detection: 

 Interestingly we observed that EV genome was exclusively detected among iDCM 

patients and not in clinically explained DCM (eDCM) patients or controls (P=0.003) and that 

all these EV positive patients displayed a positive endomyocardial inflammatory markers 

detection using immunohistological assays. This indicated that EVs were potential causative 

agents in a subset of DCM cases, here 23% of study cases, which was consistent with 

previous studies [Kühl et al., 2005; Lévêque et al., 2012].  Moreover, the low mean EV viral 

load levels observed in these iDCM patients were consistent with cardiac persistent infections 

[Lévêque et al., 2012; Nguyen et al, 2012].  The absence of EV genomic detection in 2 out of 

3 patients with iDCM using classic Real-Time PCR assays raised the question whether more 

sensitive techniques like PCR assay coupled to microarray hybridization analyses could be 

performed to properly investigate the presence of viral genomes in EMB of DCM patients. To 

increase sensitivity of viral genome detection in a limited number of EMBs sampled in DCM 

http://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A9v%C3%AAque%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22837323
http://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A9v%C3%AAque%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22837323
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patients, our present results suggested that two different molecular techniques should be 

performed for the detection of common viruses, e.g. Real Time PCR plus PCR coupled to 

microarray hybridation or PCR coupled to mass spectroscopy analyses [Nguyen et al, 2012].  

By contrast, endomyocardial PVB19 DNA detection was positive in more than 60% of 

iDCM, eDCM patients and controls (healthy heart and surgery controls). The presence of CD3, 

CD68 or HLA-DR immunohistochemical positive detection was only associated with 50% of 

PVB19 “mono-infected” iDCM patients (Table II). There was no statistically significant 

difference between PVB19 genome detection rates in iDCM patients group and all other groups 

(eDCM and controls) (Figure 2A). Among all these groups, PVB19 viral loads were frequently 

below the threshold described as clinically relevant for the maintenance of endomyocardial 

inflammation [Bock et al., 2010]. These data suggested that PVB19 could be an innocent 

bystander in a large subset of iDCM patients. Nevertheless, the apparently statistically 

significant difference of PVB19 viral load between eDCM patients and controls could be 

interpreted as a potential cofactor role of PVB19 in the development of explained DCM (Figure 

2B). However this difference could also be interpreted as an alpha type I error due to a 

population bias and the absence of very low PVB19 viral loads <100 copies/µg in eDCM 

patients group, comparatively to controls and mainly surgery controls (Figure 2B). Here, the 

small effective of our DCM patients that EMBs have been performed according to AHA and 

ESC indications limited the conclusions that we could draw. In order to increase the number of 

heart samples for epidemiological studies, we performed EV and PVB19 genomic detection in 

an original type of heart sample that were right atrium tissues sampled in patients during 

extracorporeal circulation. This kind of heart sample was necessarily performed at the 

beginning of extracorporeal circulation and was currently considered as a surgery waste. 

Patient authorized consent was therefore not required before analyses and right atrium tissue 

could be an unlimited source of heart samples from patients requiring extracorporeal 
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circulation. However, the small size of this right-sided heart sample did not allow to perform 

both histopathological and virological molecular analyses and to rule out the presence of focal 

cardiac infection or inflammation [Cooper et al., 2007]. Comparatively to heart valve surgery, 

we considered the aorto-coronary bypass surgery controls as a proxy of silent myocardial 

ischemia and we observed that PVB19 genome detection rates and PVB19 viral loads were not 

statistically different between patients with and without silent myocardial ischemia. This 

argued against the hypothesis that the path from PVB19 myocarditis to DCM may be due to an 

ischemic mechanism and these results were consistent with the absence of correlation between 

Heart Disease clinical phenotype and PVB19 detection [Stewart et al., 2011]. Further large-

scale studies could be conducted using this new kind of sample. 

In the present report, HHV DNA sequences have been evidenced in all DCM cases 

and controls suggesting a bystander role of these life long persistent viruses. In previous reports 

of the literature [Ashrafpoor et al., 2013; Lévêque et al., 2011; Chang YL et al., 2009], HHV 6 

led to heart failure in immune competent adult through myocarditis, that was easily diagnosed 

using Dallas Criteria [Aretz et al., 1987]. Such myocarditis was not evidenced in any study 

patients except one patient with a genetic DCM who had histological myocarditis with 

endomyocardial detection positive for HHV6, PVB19 and HHV4 DNAs. Taking into account 

all these data, we did not presume that HHV6 could play a major causative role in the 

development of DCM in our study. 

Histopathological analysis and inflammatory markers detection: 

 In this report, the presence of cardiac inflammatory marker defined as the detection of 

any leukocyte using CD3 or CD68 immunohistochemical assays or the detection of an 

enhanced expression of HLA class II molecules seemed to discriminate controls from DCM 

but without any statistically significant difference (P=0.13) (Table I). Because the definitions 
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of DCM and inflammatory cardiomyopathy are different but not mutually exclusive [Caforio 

et al., 2013] and because inflammatory cardiomyopathy is considered as “involved in the 

development of DCM” [Richardson  et al., 1996], we can hypothetize that inflammatory 

cardiomyopathy immunohistochemical criteria may not be sensible enough to detect all 

presumed viral induced DCM. More studies are needed to estimate if less restrictive 

immunohistochemical criteria could not be a better predictor of viral etiology among DCM 

whose EMBs have been performed late in the course of the disease. In the current setting, 

both inflammatory cardiac marker and viral genome detection are recommended in EMBs of 

iDCM patients [Caforio et al., 2013], but only molecular detection of EV, even with low viral 

loads and without cardiac inflammatory markers, may allow prescription of a broad antiviral 

treatment like interferon β. Such a treatment should be prescribed with strong benefits only in 

EV positive DCM patients, but not in all clinically suspected “viral DCM” cases [Kühl et al., 

2003; Kühl et al., 2012]. In the opposite, the frequent detection of PVB19 genome in all kind 

of patients and controls with viral loads frequently below the threshold described as clinically 

relevant for PVB19 induced endomyocardial inflammation [Bock et al., 2010], advocated 

against its role as a potential causative agent of iDCM and against the global usage of 

potential specific or unspecific antiviral treatments [Stewart et al., 2011]. In case of cardiac 

inflammatory markers detection, according to myocarditis and inflammatory cardiomyopathy 

immunohistochemical criteria [Kindermann et al., 2008], without any viral genome detection, 

an immunosuppressive treatment but not immunoglobulins, could be discussed [Cooper et al., 

2007; McNamara et al. 2001]. 

Study limitations:  

The difficulty to obtain EMBs according to AHA and ESC guidelines [Cooper et al., 

2007] in a large number of DCM patients and the impossibility to obtain EMBs in controls 

patients forced us to make comparisons between different heart samples mainly right-sided in 
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different patients (Figure 1) with heterogeneous baseline data available (Table I). However, 

all samples were handled in the same manner, with respect to type of analysis available in 

each sample. Even whether we evidenced EV only in 3 out of 13 samples from patients with 

iDCM using PCR assays coupled to microarray hybridization analysis, we believed we were 

able to show trends that could not be evidenced in another manner. The impact of right versus 

left sided biopsies and sampling errors were presumed to be minimal because (i) there was no 

difference in immunohistochemical analysis and viral genome detection between left and right 

EMBs [Escher et al., 2014] and (ii) the risk of sampling error was the same for all samples of 

our study except those of Healthy Heart controls. 

In conclusion, EV genome detection was positive and always associated with cardiac 

inflammatory markers in only 23% of iDCM patients, whereas the equal frequent detection of 

PVB19 in 70% of iDCM, eDCM, healthy heart and surgery control patients was not always 

associated with the presence of cardiac inflammation markers. These findings suggested that 

only EV could be an etiological cause in the development of a subset of iDCM cases, whereas 

PVB19 could be an innocent bystander in a large subset of DCM cases. 
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Legends 

Figure 1 legend: Scheme resuming different study groups according to the initial source of 

heart samples. 

EMBs: Endomyocardial Biopsies. DCM patients: patients suffering from dilated 

cardiomyopathies (DCM), which were classified in idiopathic DCM patients group (iDCM) 

and explained DCM patients (eDCM) by 2 external reviewers.  

Surgery controls = Heart valve surgery controls + Aorto-coronary bypass surgery controls; 

Valve surgery controls: Heart valve surgery controls; ACB surgery controls: Aorto-coronary 

bypass surgery controls. 

Longitudinal boxes at the bottom depicting analyses performed in the different study groups. 

HE: Hematoxylin and Eosin staining, inflammatory markers detection: CD3, CD68 and HLA 

DR. HHV (Human Herpes viruses), EV (Human Enteroviruses) and PVB19 (Parvovirus B19) 

genomes detection. 
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Figure 2 legend: 2A. Enterovirus (EV) and Parvovirus B19 (PVB19) genomes detection rates 

in different subgroups of patients. iDCM: idiopathic DCM patients group; eDCM : explained 

DCM patients group; surgery controls = Heart valve surgery controls + Aorto-coronary 

bypass surgery controls; Valve surgery controls: Heart valve surgery controls; ACB surgery 

controls: Aorto-coronary bypass surgery controls. 2B. PVB19 viral loads using real–time 

PCR assays in DCM patients groups and controls. Plain horizontal line corresponds to mean 

of each group, whereas grey dashed line corresponds to clinically relevant threshold for the 

maintenance of myocardial inflammation due to PVB19 [Bock et al., 2010]. All performed 

inter-group comparisons gave non-significant results, except PVB19 viral load in eDCM 

patients versus PVB19 viral load in all controls groups. 

* p<0.005, according to Fischer exact test or Mann Whitney U test for all comparisons 

performed (i.e EV genomes detection rate in iDCM patients versus EV genomes detection 

rates of all others groups and PVB19 viral load in eDCM patients versus PVB19 viral load in 

all controls groups). 

NS: p=0.99, according to Fischer exact test, for all comparisons performed (i.e PVB19 

genomes detection rate in iDCM patients versus eDCM patients group, PVB19 genomes 

detection rate in iDCM patients versus all controls groups, PVB19 genomes detection rate in 

eDCM patients versus all controls groups and PVB19 genomes detection rate in Heart valve 

surgery controls versus Aorto-coronary bypass surgery controls respectively).  

Figure 3 legend: CD3, CD68 and HLA-DR immunohistochemical assays performed in 

Endomyocardial Biopsies of patients with Dilated Cardiomopathy and autoptic samples of 

Healthy Heart Controls. Neg: negative, Pos: positive. A&D: negative and positive HLA-DR 

assay (magnification X100); B&E: negative and positive CD68 assay (magnification X200); 
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C&F: negative and positive CD3 assay (magnification X200) respectively. Positive 

immunostaining in lanes D, E& F is depicted by brown points. 


