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Intrahepatic long-term persistence of parvovirus B19 and its role in chronic viral hepatitis

Keywords: Parvovirus B19, Chronic Hepatitis C, Intrahepatic persistence, Cellular immunity :Parvovirus B19, Chronic Hepatitis C, Intrahepatic persistence, Cellular immunity

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

1. Can the authors explain why there is a difference in B19V DNA in the serum of Vietnamese vs German patients given the presence of B19V DNA in the livers of German patients? Was B19V DNA also present in the livers of the Vietnamese patients?

We thank the reviewer for this interesting question. Of note, B19V DNA detection in biopsy specimens is usually associated with persistence in the absence of circulating B19V DNA in sera or plasma (Norja, Simmonds et al., J Virol 2008). It also has to be considered that B19V genotype 1 is almost exclusively found in Western Europe while genotype 2 is frequent in Asia. This may also account for some differences. The previous study by Toan et al. (J Hepatol 2006) did not investigate B19V DNA in livers, however, other reports from Asia detected viral DNA in liver tissues from patients with fulminant hepatitis and biliary atresia (Abe K et al., Int J Med Sci 2007;4:105-9). We clarified this point in the discussion.

2. Did the breadth and strength of the CD4+ T cell responses to B19V correspond to the severity of liver disease? T cell responses were tested in patients only in patients with mild liver disease (F score from 0-3, activity score from 2-7) and thus this interesting question cannot be answered.

3. Why was the CD8+ T cell response not assessed? This may not be essential for publication but might have been of interest. The two MHC-class-II restricted peptides were selected based on previous studies (Kasprowicz V, et al. J Virol 2006;80:11209-17). As it was not our primary aim to perform a sophisticated and comprehensive analysis of B19V-specirfic T cell responses, we focused on published epitopes first. Moreover, few class-I B19V epitopes have been identified and there are restricted to a limited number of HLAs.

4. Why was the frequency of HCV-specific CD4+ T cell response against NS3, NS4 and core proteins so low? The frequency of HCV-specific CD4 + T cell response was similar to most previous studies on patients with chronic HCV before therapy (e.g. Wedemeyer et al., JI 2002;Aberle et al., JID 2007).

5. Did the authors assess patients who cleared HCV spontaneously and who were B19V Ab positive for B19V and HCV-specific CD4+ T cell responses? Could the B19V have contributed to an increased clearance of HCV? The author is raising an interesting point. However, no patients were included in this study who have cleared HCV spontaneously. Thus and unfortunately, the question if B19V could have contributed to an increased clearance of HCV remains speculative. To answer this question a much larger patient cohort would need to be investigated.

6. Is it possible to look at intrahepatic B19V specific CD4+ T cell responses? Could this explain why the virus is present in the liver but not in the serum? Again, the reviewer is raising a very interesting question. These experiments are currently ongoing in our laboratory. However, at this stage data are inconclusive and thus we did not want to include them in this manuscript. A respective sentence has been added to the discussion. 2 and3 present very similar data. The information contained in figure 3 is probably sufficient and figure 2 could be deleted. Figure 2 shows that B19V DNA was detected more frequently in explanted livers than in routine biopsy samples while figure 3 presents the virus copy number in different cohorts. We think that this information is not identical and thus would like to keep both figures. However, if the editor feels that one of the two figures should be omitted we can delete one figure 1.) Some of the numbers in the abstract need to be explained more clearly The numbers in the abstract have been clarified.

Figures

2.)

The method of patient selection needs to be clarified -were these sequential patients or were there specific criteria for selection The reviewer is addressing an important issue. The 91 patients with chronic hepatitis C were randomly recruited from our outpatient clinic. Before antiviral therapy, baseline sera were collected. Also the 16 patients studied for T cell responses were randomly selected, however, with concomitant liver carcinoma, autoimmune liver disease or other viral hepatitis were excluded.

3.) Morbus Wilson should be Wilson's Disease. Has been changed.

4.)

The number of T cell assays is too small for any definitive conclusions. The authors should state much DMSO was used in the T cell assays We agree that T cell data are not conclusive yet and changed the discussion accordingly. The DMSO was 0.5% which did not inhibit spontaneous proliferation of T cell according to our recent systematic study investigating the effect of peptide pools on effector functions of T cells. (Suneetha et al., J Immunol Methods 2009) The median of B19V DNA copy numbers/cell in explanted livers was 9.63E-05 (in end-stage hepatitis C subgroup was 6.95E-05, while in non-HCV end-stage liver disease subgroup was 2.42E-04). There was no significant difference of virus load in these groups. Parvoviridae, which has been discovered by [START_REF] Cossart | Parvovirus-like particles in human sera[END_REF]during the measurement of 3 hepatitis B virus surface antigen in 1974. B19V is the causative agent for erythema 4 infectiosum, also termed fifth disease or "slapped-cheek" disease. In the past decade, a 5 growing number of studies have been published aiming to investigate a possible association 6 between B19V and liver diseases especially in the etiology of fulminant liver failure and the 7 persistence of B19V in the liver [START_REF] Abe | Characterization of erythrovirus B19 genomes 296 isolated in liver tissues from patients with fulminant hepatitis and biliary atresia who underwent liver 297 transplantation[END_REF][START_REF] Drago | Parvovirus B19 infection associated with acute hepatitis and 318 a purpuric exanthem[END_REF]Eis-Hubinger et al., 8 2001;[START_REF] He | Retrospective analysis of 327 non-A-E hepatitis: possible role of hepatitis B and C virus infection[END_REF][START_REF] Hillingso | Parvovirus B19 and acute hepatitis in adults[END_REF][START_REF] Karetnyi | Human parvovirus B19 infection in acute 336 fulminant liver failure[END_REF][START_REF] So | Urgent liver transplantation for acute liver failure due to parvovirus B19 374 infection complicated by primary Epstein-Barr virus and cytomegalovirus infections and aplastic 375 anaemia[END_REF]Sokal et al., 9 1998;[START_REF] Wong | Prevalence of parvovirus B19 in liver tissue: no association with 402 fulminant hepatitis or hepatitis-associated aplastic anemia[END_REF][START_REF] Yoto | Human parvovirus B19 infection associated with 404 acute hepatitis[END_REF]. Recently, B19V-infection has been linked with 10 severe liver disease in Vietnamese patients with chronic hepatitis B [START_REF] Toan | Co-infection of human parvovirus B19 in Vietnamese patients with hepatitis B virus 384 infection[END_REF]. 11 However, only few studies have investigated B19V in European patients and available 12 results are controversial. Thus the first aim was to investigate if B19V DNA can be detected 13 in the liver. 14

The hepatitis C virus (HCV) is the type species of the genus Hepacivirus, family 15

Flaviviridae. HCV is a major causative agent of liver cirrhosis and hepatocellular carcinoma. 16

Viral co-infection (e.g. HBV, HIV) is one major factor which influences the natural history 17 of HCV infection and contributes to the development of liver cirrhosis [START_REF] Manns | Treating viral hepatitis C: efficacy, side effects, and 357 complications[END_REF]. 18

The prevalence of B19V co-infection in European patients with chronic hepatitis C in 19 different stages of liver damage is unknown. Based on the recent finding of B19V being 20 involved possibly in the disease progression of Asian patients infected with hepatitis B, the 21 second aim was to investigate whether B19V infection is a co-factor for the disease 22 progression in chronic hepatitis C. 23 Immune responses against HCV are crucial to control viral replication, elimination, as 24 well as the outcome of chronic infection [START_REF] Rehermann | Immunology of hepatitis B virus and hepatitis C virus infection[END_REF]. Both innate 25 and adaptive immune responses against a virus can be altered significantly by past or 26 ongoing exposure to third pathogens [START_REF] Welsh | The privacy of T cell memory to 400 viruses[END_REF]. For hepatitis C it has been 27 suggested that T cell cross-reactivity between HCV and the influenza A virus [Wedemeyer 28 et al., 2001] may cause subfulminant courses of acute HCV infection [START_REF] Urbani | Heterologous T cell 386 immunity in severe hepatitis C virus infection[END_REF]. 29 However, T cell responses in coinfections with other pathogens than HIV have rarely been 30 investigated in patients with chronic hepatitis C. Thus, the third aim was to study the 31 frequency and strength of B19V-specific and HCV-specific T cell responses in individuals 32 with persistent HCV infection. 33 

Patients and methods 34

Patients infected with hepatitis C: sera and liver biopsy samples 35

Stored baseline sera were studied from randomly selected 75 patients with chronic 36 hepatitis C infection who have been treated with interferon alpha and ribavirin combination 37 therapy. Another 16 sera and paired peripheral blood mononuclear cells (PBMCs) were 38 collected from patients with chronic hepatitis C infection without antiviral therapy for 39 evaluating cellular immune responses. For screening B19V DNA, 49 paraffin treated liver 40 biopsy samples out of these patients were also recruited. These 91 patients had a mean age 41 of 46 years ranging from 19-73 years (male: 49; female: 42). Characteristics are summarized 42 in Table 1. The presence of anti-HCV antibody (ELISA) and HCV RNA>= 600 IU/ml for 43 more than 6 months were required for the diagnosis of chronic HCV infection. Patients with 44 concomitant hepatocellular carcinoma, autoimmune liver disease or other viral hepatitis 45 were excluded. 46

Patients infected with hepatitis B 47

Serum samples were taken from 50 patients with chronic hepatitis B infection selected at 48 random (mean age: 47 years, range: 15-72; male: 33, female: 17). The presence of hepatitis 49 B surface antigen (HBsAg) for more than 6 months was required for the diagnosis of 50 chronic HBV infection. 51

All patients were treated in the outpatient clinic of the Department of Gastroenterology, 52 Polycystic liver disease). Another 32 liver biopsy samples were obtained from patients with 60 chronic liver disease (mean age: 46 years, range: 33-75). Of these, 13 had chronic hepatitis 61 C. All samples were stored at -20°C until used. 62

Healthy individuals 63

Sera and paired PBMCs were collected from 30 healthy volunteers (mean age: 37.5 years, 64 range: 25-65; male: 16, female: 14). Among them, 19 were B19V-IgG antibody positive 65 while 11 were negative. 66 Methods 67

Serological tests 68

Anti-B19V IgM and anti-B19V IgG antibodies were tested using the Parvovirus B19 69 IgM/IgG Enzyme Immunoassay (Biotrin, Dublin, Ireland) according to the manufacture's 70 instruction. Anti-HCV antibodies were tested using ARCHITECT Anti-HCV assay (Abbott,71 Abbott Park, IL, USA). 72

Extraction of nucleic acids from liver tissue 73

DNAs were extracted from 20-30g frozen explanted liver tissue using the QIAamp DNA 74 mini kit (Qiagen, Hilden, Germany) according to the manufacture's instruction. 75

DNAs from paraffin treated liver samples was extracted as described previously 76 [START_REF] Lehmann | Epigenetic defects of hepatocellular carcinoma are already found in 346 non-neoplastic liver cells from patients with hereditary haemochromatosis[END_REF]. 77

Polymerase chain reaction (PCR) 78

Quantitative real-time PCR (qPCR) was performed using the B19V artus LC-PCR kit 79 (Qiagen, Hilden, Germany) according to the manufacture's instruction. A qPCR of genomic 80 C-reactive protein (CRP) DNA was performed with same samples in order to determine the 81 amount of human CRP DNA representing the actual amount of amplifiable cellular DNA in 82 each sample [START_REF] Gan | A defective, rearranged Epstein-Barr virus genome in 325 EBER-negative and EBER-positive Hodgkin's disease[END_REF][START_REF] Wandinger | 392 Association between clinical disease activity and Epstein-Barr virus reactivation in MS[END_REF]. B19V copy numbers per cell were 83 calculated from the amplification of B19V divided by the amount of human CRP DNA. 84 Samples were defined as a "serologically recovered" cohort by the presence of anti-B19V 85 IgG with the absence of IgM and DNA. 86

Isolation of PBMCs and carboxy fluorescein succinimidyl ester (CFSE)-based T cell 87 proliferation assay 88

PBMCs were separated from heparinized blood samples by gradient centrifugation on 89

Ficoll-Paque and stored in liquid nitrogen until used. 90 CFSE-based T cell proliferation assay was performed as described previously 91 [START_REF] Wedemeyer | Impaired effector function of hepatitis C virus-specific CD8+ T cells in chronic 396 hepatitis C virus infection[END_REF]. Briefly, frozen PBMCs were thawed and suspended at 10 7 /ml in 92 PBS plus 0.2% BSA and incubated at 37°C for 7 min with 2.5ųM CFSE (Sigma, St. Louis, 93 MO, USA). An equal volume of FCS was added thereafter and cells were incubated on ice 94 for 5 min. to stop reaction, followed by 3 times washing. Then, labelled cells were 95 resuspended in medium (RPMI 1640 supplemented with 10% inactive AB serum and 96 penicillin), plated at 0.3*10 6 cells per 200ul per well in round-bottom 96-well microtiter 97 plates and cultured with DMSO alone (background), synthetic peptides VP1/2 7.2 98 (LASEESAFYVLEHSSFQLLG) and VP1/2 4.7 (FLIPYDPEHHYKVFSPAASS) 99 [START_REF] Kasprowicz | Tracking of peptide-specific 338 CD4+ T-cell responses after an acute resolving viral infection: a study of parvovirus B19[END_REF] (ProImmune, Oxford, UK) at a final concentration of 1µg/ml and 100 5µg/ml, tetanus toxoid (TT, 3µg/ml) and PHA (6µg/ml) as positive controls at 37°C with 101 5% CO 2 for 7 days. Each condition was duplicated. DMSO concentration was 0.5% which 102 did not inhibit spontaneous proliferation of T cells according to the recent systematic study 103 investigating the effect of peptide pools on effector functions of T cells [Suneetha et al., 104 2009]. 105 Anti-B19V IgG antibodies were detected in 67/91 of patients with chronic hepatitis C 127 (74%) and in 19/30 healthy individuals (63%). Only one HCV sample was positive for 128 B19V IgM antibody. In contrast to previous studies on Asian patients infected with HBV 129 and HCV [START_REF] Hsu | Human parvovirus B19 infection in patients with 334 chronic hepatitis B or hepatitis C infection[END_REF][START_REF] Toan | Co-infection of human parvovirus B19 in Vietnamese patients with hepatitis B virus 384 infection[END_REF]], all but one HCV sera were negative for 130 B19V DNA by qPCR. Importantly, B19V DNA was also undetectable in all 50 sera 131 collected from HBsAg positive patients. Thus, B19V viremia is an extremely rare finding in 132

German patients with viral hepatitis B and C. 133

Clinical characteristics in relation to B19V serology 134

Clinical characteristics including age, sex, liver enzymes, albumin and bilirubin levels, 135 prothrombin time and platelets, as well as histological staging and inflammation scores did 136 not differ between B19V IgG antibody positive and negative subgroups as shown in Table 1. 137 Thus, past B19V infection had no apparent effect on the course of HCV infection in this 138 cross-sectional study. 139

Interferon treatment of a patient with persistent B19V viremia 140

The single B19V DNA positive serum sample tested also positive for both anti-B19V 141 IgM and IgG. Consecutive serum samples of the same patient were collected for up to 48 142 months. The B19V viremia lasted at least one year even when the patient received 143 combination therapy of daily injections with recombinant interferon alpha-2b plus ribavirin. 144 B19V viremia showed no obvious association with ALT levels or HCV viremia (Fig. 1). 145 Because of the rare occurrence of B19V viremia, B19V DNA has been screened in paired 150 routine biopsy blocks from these patients. However, the amount of cells of these blocks was 151 very low, only 4 out of 49 were positive. Therefore additional liver tissues from biopsy 152 samples and explanted liver tissues were recruited for further study. 153

The presence of B19V DNA in the liver by qPCR is shown in figure 2. B19V DNA was 154 amplified from more than half of liver tissues which has been studied and detected more 155 frequently in explanted end-stage liver tissues (37/50, 74%) than in biopsy samples (14/32, 156 44%) (p<0.05). This held also true for non-HCV subgroups (non-HCV explanted liver 157 tissues vs non-HCV liver biopsy samples, p<0.05). 158

In biopsy samples, the presence of B19V DNA was similar in severe liver disease (F 159 score >=5) as in moderate liver disease (F score <5). In the same group, there was no 160 difference of grading (inflammatory activity) in B19V DNA positive samples versus 161 negative samples. 162

While the frequency of B19V DNA-positive tissues differed between explanted liver 163 tissues and routine biopsy samples, there was no significant difference of virus copy number 164 per cell between explanted liver tissues and routine biopsy samples, as well as HCV-positive 165 versus HCV-negative liver samples (Fig. 3). 166 167

Proliferation of B19V-specific CD4 + T cells in patients with chronic hepatitis C and 168 healthy individuals with B19V recovered serologically 169

A flow cytometry-CFSE assay was performed to evaluate the proliferation of 170 B19V-specific CD4 + T cell after stimulation of PBMCs with synthetic peptides. In B19V 171 serologically recovered healthy individuals, 3/19 (16%) showed a positive CD4 + T cell 172 responses to the peptide VP1/2 7.2. In anti-B19V IgG positive patients with chronic , 1995;[START_REF] Wong | Prevalence of parvovirus B19 in liver tissue: no association with 402 fulminant hepatitis or hepatitis-associated aplastic anemia[END_REF]. Eis-Huebinger et al [2001] also demonstrated that B19V DNA 228 can be found frequently in livers of adults with severe liver damage. In this study, the 229 frequency of B19V DNA in explanted liver was slightly higher than in previous studies. 230 This is the first study reporting the persistence of B19V DNA in routine biopsy liver 231 samples. However, whether the detection of B19V DNA is the cause or consequence of 232 progressive liver disease is unknown. Only a prospective study comparing the outcome of 233 liver disease in individuals with detectable and undetectable B19V DNA in liver biopsies 234 would be able to answer this question. 235

The only patient with detectable viremia for more than one year had no B19V-related 236 symptoms. Prolonged B19V infection seems to be not rare as clearance of B19V viremia 237 has been reported to be more slowly than previously considered, despite early resolution of 238 symptoms [START_REF] Lindblom | Slow clearance of 349 human parvovirus B19 viremia following acute infection[END_REF]. Thus this case would be in line with this report. 239 Importantly, the patient showed persistent viremia despite parallel treatment with high doses 240 of interferon alpha-2b and ribavirin. Whether the second course of antiviral therapy with 241 pegylated interferon alpha-2b and ribavirin has contributed to the clearance of B19V 242 viremia remains speculative. In this respect it is worthy to note that treatment trials for 243 B19V-myocarditis with interferon beta are ongoing [START_REF] Kuhl | Antiviral treatment of myocarditis and acute dilated cardiomyopathy[END_REF]. 244 Persistence of B19V DNA detection is usually associated with B19V DNA detection in 245 biopsy specimens in the absence of detectable B19V DNA in sera or plasma [Norja et al., 246 2008]. The finding of B19V DNA detection in the liver but not in sera is therefore in line 247 with previous studies. It also has to be considered that B19V genotype 1 is almost 248 exclusively found in Western Europe while genotype 2 is frequent in Asia. This may also 249 account for some differences. The previous study by [START_REF] Toan | Co-infection of human parvovirus B19 in Vietnamese patients with hepatitis B virus 384 infection[END_REF] 

B19V

  was considered if the ∆PF was at least 1.0% and the stimulation index (SI) was >2.0. NT, not tested.

Fig. 1 .Fig. 2 .

 12 Fig.1. Fluctuation of ALT, HCV-RNA and B19V viremia in the patient with chronic hepatitis C. The patient was followed for 48 months and treated twice with interferon alpha and ribavirin. B19Vviremia lasted at least one year even during the first combination therapy. The first combination therapy (from follow-up month 0 to 5) consisted of interferon alpha-2b plus ribavirin for 22 weeks. The dose of interferon alpha-2b was 10 MU per day in the first two weeks followed by 3 MU per day for 8 weeks followed by 3 MU every 2nd day. The second combination therapy (from follow-up month 13 to 19) consisted of PEG-interferon alpha-2b (100 µg qw) plus ribavirin for 20 weeks.248x174mm (150 x 150 DPI)

Fig. 4 .

 4 Fig. 4. Proliferation of CD4+ T cells in patients with chronic hepatitis C and healthy individuals with serologically recovered B19V infection. Dot plots show the flow cytometric analysis of the proportion of CD4+ T cells proliferating in response to stimulation of PBMCs with no stimulus (DMSO), phytohemagglutinin (PHA), tetanus (TT), two synthetic B19V peptides (VP1/2 4.7, VP1/2 7.2) in two different concentrations (1µg/ml and 5µg/ml) or recombinant HCV NS3, NS4 and core protein. Values in the upper left quadrants of dot plots represent the proportion of CFSElow CD4+ T cells (daughter cells), which have proliferated during the 7-day culture. Values in the upper right quandrants of dot plots are CFSEhigh CD4+ T cells (parent cells). 4A shows the positive responses of CD4+ T cells in a B19V IgG antibody positive patient with chronic hepatitis C after stimulation of PBMCs with VP1/2 4.7, VP1/2 7.2 and HCV NS4. 338x259mm (96 x 96 DPI)

  Hepatology and Endocrinology of Hannover Medical School, Germany. 53Liver tissue samples 54Explanted liver tissues were obtained at the time of liver transplantation from 50 patients 55 with end-stage liver damage undergoing orthotopic liver transplantation for various reasons 56 from 1993 to 2000 at the Hannover Medical School (mean age: 47 years, range: 8-69). Of 57 these, 19 had HCV related end-stage liver disease, while 31 had non-HCV liver cirrhosis 58 g. primary biliary cirrhosis, primary sclerosing cholangitis, Wilson's disease and 59

  However, the patient became B19V-negative during a second course of antiviral therapy 146 with pegylated interferon alpha-2b plus ribavirin.

  

  

  

  

e w Tables Table 1. Characteristics between B19V IgG antibody positive and negative patients with chronic hepatitis C

  

		B19V IgG pos	B19V IgG neg	p value
		(n=67)	(n=24)	
	Age(years, mean±SD,	48.4±9.8	43.9±8.7	0.26
	range:19-73)			
	Gender	Male: 38	Male: 12	0.50
		Female: 29	Female: 12	
	. F o r F score(mean±SD, range:0-6) Percentage of live cirrhosis a (%) Activity score(mean±SD, F o r 5). On P13 lines 254-6: The conclusion "Our findings clearly..." should be modified in view of the 2.6±2.1 2.2±1.5 0.34 20.9 8.3 0.90 5.2±2.0 5.2±2.2 1.00 small sample size We have made changes as suggested. P range:0-18) ALT ULN(times) 3.1±2.3 3.2±2.6 0.92 P
	AST ULN(times) gGT ULN(times) Total bilirubin(umol/l) Albumin(g/l)	e e r 2.4±1.8 2.1±2.2 e 12.2±7.9 43.7±3.4 e r	2.3±1.5 2.2±2.8 12.7±5.6 44.9±3.1	0.71 0.85 0.74 0.20
	Prothrombin time (Quick value %) Platelets(Tsd/ul) Presence of B19V viremia Presence of anti-B19V IgM	R e v i 98.4±22.5 95.7±8.6 186.5±55.6 187.3±93.4 R 1 0 e 1 0 v i e	0.43 0.97 0.55 0.55
	Legend: a, F score >=5.		w	
	There were no significant differences of clinic characteristics in these two groups.

Table 2 . Overview of CD4 + T cells responses determined by CFSE assay of PBMCs in the presence or absence of antigen in B19V IgG antibody positive individuals. VP1/2 4.7 VP1/2 7.2 HCV NS3 HCV NS4 Core
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  studying B19V in 250 hepatitis B patients did not investigate B19V DNA in livers, however, other reports from 251
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